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Color Crop Time to Market Is Influenced
by Fertilizer Form
R. E. Bir and J. L. Conner
NC State University, 2016 Fanning Bridge Rd., Fletcher, NC 28732
Index of Words: Color crops, Fertilizer, Buddleia, Echinacea, Pennisetum
Nature of Work: Color crops include any plant that can be grown from
start to finish and sold in one season or less. Color crops can be annuals,
herbaceous perennials, ornamental grasses or woody plants. Because of
the rapid time from planting to sales, color crops have the potential to be
among the most profitable in a nursery.
Color crops are often purchased as “plugs” then potted into the container
in which they will be sold and fertilized either with a controlled release
granular (CRF) or a completely soluble fertilizer. In most nurseries which
would normally be growing shrubs and trees, the color fertilizer of choice
has been a CRF or weekly feeding with a complete, soluble fertilizer.
Previous unpublished research (data not shown) included CRFs from major
manufacturers, natural and synthetic chemical liquid fertilizers. Dramatic
differences in crop time-to-market readiness consistently depended upon
the form of the fertilizer, i.e., granular CRF vs. liquid.
In the research reported here, Plantex 20-10-20 soluble fertilizer was applied
weekly. Two CRF’s, Wilbro 19-5-12 and Multicote 17-17-17 were applied
once at the beginning of the test. All fertilizers were applied at the same 3
nitrogen rates (0.67, 1.33 or 2.67 grams N/pot/month).
There were nine individual plant replicates per treatment. Test plants were
Echinacea ’Bright Star,’ Pennisetum orientale and Buddleia davidii ‘Pink
Delight.’ They were potted into trade gallon containers (IEM 300) in pine
bark based container media at the Mountain Horticultural Crops Research
Station (MHCRS), Fletcher. Echinacea transplants had been grown in 70
cell flats. Pennisetum and Buddleia had been grown in 50 cell flats.
The experiment was terminated when commercially salable size for the
crop was achieved. Plants had filled or nearly filled the growing container
and were starting to show flowers or flower buds.
Fresh weight was determined by severing plants at the soil line and weighing
each treatment. Replicates 3, 4, 5, 6, and 7 were measured for final data
collection to limit edge effects that might have occurred due to wind influence
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on overhead irrigation. Irrigation was applied in two cycles daily with care
given not to flush fertilizer from the pot. When it rained, irrigation was
reduced appropriately. Soluble salts data were collected every 7 days
utilizing the Virginia Tech Extraction Method (VTEM), starting one day after
treatments were initially applied.
Results and Discussion: Buddleia davidii ‘Pink Delight’ plants were ready
for market 28 days from the beginning of the experiment. The best plants
had filled the pots, were showing dark green foliage color, and some were
starting to flower.
Plants fertilized with granular CRFs were largest. Those fertilized with
Plantex would still be considered good quality just not ready for market.
Similar results to those obtained with Plantex fertilizer were recorded in
1999 trials using Excel soluble fertilizers (data not shown). Therefore,
rather than considering this response an aberration, it is suggested that
liquid fertilization of Buddleia on a weekly basis may not provide enough
fertilizer.
Table 1. Fresh weight (grams) ** of Buddleia davidii ‘Pink Delight’ at 28
days as influenced by fertilizer source and rate.
Rate (grams N/pot/mo)
Fertilizer

0.67

1.33

2.67

Multicote 17-17-17

44.0 abcd

48.8 abc

58.8 a

Plantex 20-10-20

17.0

23.8

29.3 bcd

Wilbro 19-5-12

40.8 abcd

d

53.8 ab

cd

62.5 a

**Numbers followed by the same letter are not significantly different at the 99% level of
statistical confidence. Duncan’s New Multiple Range Test

Echinacea ‘Bright Star’ had treatments which were market ready at 42 days.
A rosette of dark green foliage existed with some plants showing bloom
buds and flower stalks. The largest and most vigorous plants were those
fertilized with CRFs (Table 2). Plants fertilized with Plantex 20-10-20 were
smaller than those receiving the lowest rate of CRF and statistically different
from the highest CRF rate.
Pennisetum orientale, oriental fountain grass, did not produce much top
growth early in the experiment. However, by 42 days our gallon pots were
full of vegetative growth with some showing more than one flower plume.
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Medium and high rates of the CRFs (Table 2) produced the largest, most vigorous
grass plants. Although statistics do not show a significant difference between the
medium and high rates of fertilizer application for the CRF’s, there was a visual
difference. Leaf color at the highest CRF application rate was darker green and
plants appeared to be larger.
Table 2. Fresh weight (grams)** of Echinacea ‘Bright Star’ and Pennisetum
orientale at 42 days influenced by fertilizer source and rate.
Echinacea

Rate (grams n/pot/mo)

Fertilizer

0.67

1.33

2.67

Multicote 17-17-17

121.0 a

120.8 a

126.5 a

Plantex 20-10-20

38.0 b

38.5 b

55.5 b

Wilbro 19-5-12

60.0 b

108.3 a

121.3 a

Multicote 17-17-17

56.0 bc

65.8 abc

78.8 ab

Plantex 20-10-20

15.5

42.0 cde

45.0 cd

Wilbro 19-5-12

43.8 cd

63.3 abc

86.0 a

Pennisetum

ef

**Numbers followed by the same letter are not significantly different at the 99% level of
statistical confidence. Duncan’s New Multiple Range Test.

This test was not designed to determine whether the CRFs were releasing
more fertilizer earlier in the crop cycle than their release pattern ratings
would suggest. However, VTEM conductivity data was within an acceptable
range. Weather was neither excessively rainy nor hot enough to adversely
influenced the performance of these fertilizers.
Significance to Industry: Marketable plants of Buddleia ‘Pink Delight’
were produced in 28 days from CP50 liners potted directly into trade
gallon pots and fertilized with granular controlled release fertilizers.
Forty-two days were required for Echinacea ‘Bright Star’ and fountain
grass Pennisetum orientale to reach marketable size trade gallon pots
from CP70 and CP50 plugs, respectively.
The best plants were grown using one application of controlled release
fertilizer. Industry practice of fertilizing with the same rate of a soluble
fertilizer weekly in lieu of CRFs did not produce market ready plants as
rapidly.
Adknowledgement: Thanks to the fertilizer companies for support of this
research and North Creek Nurseries, Landenburg, PA for supplying plants.
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How Much Does Form of Nitrogen Matter?
Helen T. Kraus and Stuart L. Warren
North Carolina State University Dept of Horticultural Science
Raleigh, NC 27695-7609
Index words: root growth, Cotoneaster dammeri ‘Skogholm’, Rudbeckia
fulgida ‘Goldsturm’, ammonium, nitrate, container-grown.
Nature of Work: Developing a fertility program involves selecting
fertilizer rates and sources and ratios of nutrients, especially the form of
N (NH4+ or NO3-). Nitrogen form affects mineral nutrient concentration of
shoots and roots (Edwards and Horton, 1982; Rosen et al., 1990),
growth rate and N uptake (Edwards and Horton, 1982), and root
anatomy (Finn et al., 1990) of ornamental plants and may altered root
morphology. As N form affects growth and may alter root growth thereby
impacting establishment in landscape plantings, there is need for more
research on the effects of N form on landscape plants. Additionally, results
of N form impacts on cotoneaster growth were conflicting, and no reports of
the effect of N form on rudbeckia growth were found. Therefore, our
objective was to evaluate the effects of N form and ratio on growth,
mineral nutrient accumulation, and root anatomy of cotoneaster, a
woody ornamental shrub, and rudbeckia, a popular herbaceous perennial.
Five ratios of NH4 : NO3 (100 : 0, 75 : 25, 50 : 50, 25 : 75, and 0 : 100) were
evaluated for impact on cotoneaster and rudbeckia growth. The experiment
was a randomized complete block design with seven replications and was
conducted for 12 weeks in a glass greenhouse in Raleigh, NC. Rooted
cotoneaster cuttings and rudbeckia seedlings were grown in 3.8 liter (#1)
containers filled with arcillite, calcined montmorillite and illite clays.
Ammonium : nitrate ratio treatments were administered twice daily (9:00
AM and 1:00 PM) at 50 mg/L N and 450 mL (0.75 in) per application [900
mL (1.5 in) daily] via individual spray stake emitters that dispersed nutrient
solution treatments evenly over each container. A modified Hoagland
solution was applied with the NH4 : NO3 treatments to provide other mineral
nutrients necessary for plant growth. Nutrient solutions in stock tanks were
changed weekly, and pH of nutrient solutions was checked daily and
adjusted as needed with NaOH or HCl to maintain a pH of 6.0.
Root, leaf, and stem (cotoneaster only) dry weights, leaf area, nutrient
contents, root diameter, diameter of the stele, number of secondary
tracheary elements, and size of the secondary tracheary elements were
determined. Data were tested for differences using analysis of variance
and regression analyses (SAS Inst., Inc., 1985) and were considered
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significant at P < 0.05. Treatment comparisons were made by single
degree of freedom linear contrast tests testing for differences between
NH4 alone, NO3 alone, and the average response of NH4 : NO3 mixtures.
No statistical analyses were conducted on the anatomical data and these
data are included for comparison purposes only.
Results and Discussion: Nitrate alone decreased dry weights (Table 1)
and leaf area (data not shown) of cotoneaster and rudbeckia compared
to mixtures of NH4 and NO3 and NH4 alone. Nutrient solutions containing
> 25% NH4 resulted in a marked increase in shoot and root growth of both
species. Additionally, NO3 alone suppressed accumulation of cationic
nutrients and N in cotoneaster; while, mixes of NH4 and NO3 enhanced
accumulation of nutrients in roots and shoots of rudbeckia compared to
solutions containing either NH4 or NO3 alone (data not shown).
Root diameter of the woody roots of cotoneaster was higher with a mix of
NH4 and NO3 than with NO3 alone; whereas, diameter of the herbaceous
roots of rudbeckia was not impacted by N form (Table 1). Nutrient solutions
with a mixture of NH4 and NO3 appeared to result in a greater number of
roots with the herbaceous rudbeckia. Steles of both plants contained
more secondary xylem (Table 1) with larger tracheary elements (data not
shown) with a mix of NH4 and NO3 than with nutrient solutions containing
NO3 alone. Increased number and size of secondary tracheary elements
may relate to increased dry weight and leaf area of both cotoneaster and
rudbeckia fertilized with mixes of NH4 and NO3 than with NO3 alone with
the larger plants developing a larger water conducting infrastructure.
Significance to Industry: Fertilizers that supply nitrogen as either NO3
alone or NH4 alone could lead to poor growth compared to fertilizers that
supply nitrogen as a mixture of NO3 and NH4. In this experiment, nitrogen
contents in cotoneaster roots and shoots fertilized with NO3 were
decreased an average of 54% compared to N supplied as NH4 alone and
47% compared to mixes of NH4 and NO3 (data not shown). Phosphorus
contents in rudbeckia roots and shoots fertilized with mixes of NH4 and NO3
were 20% - 75% higher than those fertilized with NH4 or NO3 alone (data
not shown). The dramatic reductions in tissue nutrient content and growth
found in this experiment reiterate the need for proper N form selection in a
fertility program.
Literature Cited:
1. Edwards, J.H. and B.D. Horton. 1982. Interaction of peach seedlings to
NO3 : NH4 ratios in nutrient solutions. J. Amer. Soc. Hort. Sci.107:142-147.
2. Finn, C.E., C.J. Rosen, and J.J. Luby. 1990. Nitrogen and solution
pH effects on root anatomy of cranberry. HortScience 25:1419-1421.
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3. Rosen, C.J., D.L. Allen, and J.J. Luby. 1990. Nitrogen form and
solution pH influence growth and nutrition of two Vaccinium clones.
J. Amer. Soc. Hort. Sci. 115:83-89.
4. SAS Inst., Inc. 1985. SAS User’s Guide: Statistics. Version 5 ed. SAS
Inst., Inc., Cary, N.C.
Table 1. Effect of N form and ratio on cotoneaster and rudbeckia leaf,
stem (cotoneaster only), and root dry weights, root diameter, and number
of secondary tracheary elements.
Cotoneaster
NH4 : NO3

Rudbeckia

Dry weights (g)

ratio

Leaf

Stem

Root

Leaf

Root

100 : 0
75 : 25
50 : 50
25 : 75
0 : 100

1.84
1.51
1.86
2.11
1.04

1.34
1.10
1.21
1.22
0.71

0.54
0.44
0.52
0.52
0.37

6.21
6.66
6.74
6.19
2.61

1.87
2.15
2.53
2.38
1.03

Contrastsz
100 : 0 vs. mixes
0 : 100 vs. mixes
100 : 0 vs 0 :100

NSy
NS
NS
0.006 0.004 0.04
0.02 0.002 0.02
Root
No. of secon. Root

diam. (mm)
25 : 75w
0 : 100

1.13 ± 0.13
0.69 ± 0.01

NS
NS
0.001
0.002
0.009
0.03
No. of secon.

trach. elementsxdiam. (mm)trach. elements
59 ± 9.1
30 ± 2.2

1.04 ± 0.09
1.11 ± 0.08

24 ± 0.6
18 ± 0.

z

Treatment comparisons made by single degree of freedom linear contrast
tests. Mixes = average of the 75 : 25, 50 : 50, and 25 : 75 NH4 : NO3 ratios.
y

Nonsignificant (NS) at P > 0.05, P value stated otherwise.

Secondary tracheary elements were definded as secondary xylem ≥
10 µm in diameter.
x

w

Based on results of root dry weight analysis, only roots from 25 : 75 NH4
: NO3 and 0 : 100 NH4 : NO3 ratios were sampled.
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Whole-plant Responses to Drought of Mycorrhizal and
Non-Mycorrhizal ‘Iceberg’ Roses
W. E. Klingeman1, M. W. van Iersel2, Jang-Goo Kang3, R. M. Augé1,
J. Moore1 and P. C. Flanagan1
1
University of Tennessee, Dept of Plant Sciences & Landscape Systems
P.O. Box 1071, Knoxville, TN 37901-1071
2
University of Georgia, Dept of Horticulture Georgia Experiment Station
Griffin, GA 30223-1797
3
Sunchon National University, Department of Horticulture
315 Meagok-dong, Sunchon, Chonnam, 540-742, South Korea
Index Words: Floribunda rose, whole-plant gas exchange, carbon use
efficiency, photosynthesis, respiration.
Nature of Work: Arbuscular mycorrhizal (AM) symbiosis, a natural association
between roots and certain soil fungi, can improve growth, nutrient utilization,
and stress resistance of nursery crops under some circumstances (4, 5, 7).
While AM fungal benefits are most evident in nutrient-depleted or
structurally-damaged soils, several ornamental and crop plants colonized
by AM fungi have demonstrated advantages over non-colonized plants in
field, container, and laboratory tests. Advantages include drought tolerance,
reduced pathogen pressure, activation of plant defense mechanisms,
increased growth, and general benefits to plant health (1, 2, 3, 5, 6).
Benefits of mycorrhizal inoculation of ornamental plants have been
promoted for all types of nursery production. However, mycorrhizal fungi
vary in their ability to aid host plant performance and production. Our
research objectives address two specific questions: Can the AM fungus,
Glomus intraradices Schenk and Smith, increase the ability of containergrown Rosa x hybrida ‘Iceberg’ roses to recover from episodes of
drought? Do AM-colonized roses photosynthesize and respire more
optimally than non-mycorrhizal roses when subjected to drought?

Rosa x hybrida ‘Iceberg’ rose, also known as ‘Fee des Nieges’ and
‘Schneewittchen’ is a Floribunda rose from Kordes, Germany that was
introduced into horticulture in 1958. ‘Iceberg’ is a lightly fragrant, 1.2-m x
1.2-m shrub-forming rose that is hardy in USDA Plant Zones 4 to 9. In
September 2000, ‘Iceberg’ stem cuttings were taken from 3 year-old
containerized stock plants. Stems were dipped in Hormodin No. 1 (E. C.
Geiger, Harleysville, PA), stuck into ProMix BX propagation medium
(Premier Horticulture, Dorval, CAN), and held in a greenhouse under
intermittent mist. Cuttings were maintained under a 16:8 (light: dark)-hour
photoperiod at 25±5oC and 85% RH. After 18 weeks, rooted plants were
transplanted into 16.5 cm x 15.2 cm azalea pots (Dillen Products,
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Middlefield, OH) in a 4:1 (v/v) calcined montmorillonite clay (Turface
Industrial Materials, Deerfield, IL): pasteurized silica sand soilless media.
Roses were inoculated with either Glomus intraradices Schenk and
Smith isolate UT143 arbuscular mycorrhizae, or media-associated
microbes in the absence of G. intraradices, using host Sorghum bicolor
‘DeKalb DK 40Y’ pot cultures. Sorghum shoots were excised, colonized
sorghum roots were cut into small pieces and thoroughly mixed with 4
part clean media: 1 part colonized media. After inoculation, roses were
maintained in a greenhouse using supplemental sodium vapor lamps to
provide 745 ± 222 µmol.m-2.s-1 photosynthetic photon flux density throughout
the photoperiod. Each treatment included 12 plants and was established
using technical KH2PO4 (Fisher Scientific, Springfield, NJ) and Champion
13-2-13 Plug Plus soluble fertilizer (Chilean Nitrate Corp., Norfolk, VA) to
provide inoculated roses with low phosphorus levels (ML), non-inoculated,
low phosphorus roses (NML), and non-inoculated, high phosphorus roses
(NMH) (Table 1). Low and high phosphorus levels were included for both
non-mycorrhizal treatments to provide size-appropriate control plants that
are compared to AM-colonized plants, which more efficiently incorporate P.
For 14-days, rose photosynthesis and respiration were recorded continuously
among two experimental blocks of three time-replicated groups. In each
experimental block, roses in Turface medium dried for four days until foliage
wilted. Pots were weighed on Day 4, rewatered, and roses underwent
two more drought cycles. On Day 8, rose foliage was pruned to equal
size among treatments to try to increase the drying time. At the conclusion
of the study, leaf area, and leaf, stem, and root dry mass data were collected.
Newly emerged and fully expanded leaves were collected, dried, and 25g per
experimental unit were analyzed for macro- and micro-nutrient content.
Root colonization by AM fungi was measured after McGonigle and others
(9). The whole-plant gas exchange system has been previously described
(10). Whole-plant gas exchange values are more accurate than assessments
of plant physiological parameters based on individual leaf measurements (8).
Results and Discussion: Macro-nutrient leaf tissue analyses (Fig. 1)
and assessments of G. intraradices colonization (Fig. 2), confirmed
successful treatments. Significantly higher levels of P and K were
apparent in the NMH roses, corresponding the supplemental addition of
KH2PO4, than in the NML and ML roses. Pre-drought photosynthesis
was significantly higher among NMH roses (Fig. 3), which also had the
largest shoot and leaf dry mass (data not shown). Once drought was
initiated, larger NMH plants quickly lost water and photosynthetic rates
dropped. No significant differences in photosynthesis occurred between
treatments except for Day 3, on which NML had higher photosynthetic rates
than NMH roses (Fig. 3). As NMH roses dried, their larger leaf areas lost
water faster, increasing plant stress. More, once drought periods were
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SNA RESEARCH CONFERENCE - VOL. 46 - 2001
imposed, roses never recovered their photosynthetic capacity. Irrespective
of treatment, roses reached just 66% of pre-drought photosynthesis on Day 6.
Nighttime respiration was also highest, through the first two drying
periods, among NMH roses that had larger leaf and shoot areas. Higher
initial NMH respiration than NML roses and greater Day 4 respiration
than either ML and NML roses (Fig. 4) are attributed to the greater leaf
and shoot dry mass of NMH plants. AM-colonized roses had significantly
higher respiration, which persisted for the duration of the study, only after
foliage was pruned on Day 8 and the root-shoot ratio increased.
Significance to Industry: Colonization of ‘Iceberg’ roses by G.
intraradices, a beneficial fungus that form AM symbioses with many plant
species, did not consistently enhance the photosynthetic or respiratory
performance of roses during exposure to repeated drought. More, once
subjected to drying, roses did not regain their pre-drought photosynthetic
or respiratory capacity during the 14-day study, regardless of treatment.
These results support observations that, while some mycorrhizal fungi
may moderate the effects of drought, successful colonization of plant
roots does not guarantee enhanced stress tolerance or resistance. Plant
responses vary with fungal type, environmental conditions, and soil or
media composition. Benefits from mycorrhizae may not be realized until
after plants are economically injured.
Literature Cited:
1. Augé, R. M., K. A. Schekel and R. L. Wample. 1987. Leaf water and
carbohydrate status of VA mycorrhizal rose exposed to water deficit
stress. Plant Soil 99: 291-302.
2. Augé, R.M., A. J. W. Stodola, R. C. Ebel, and X. Duan. 1995. Leaf
elongation and water relations of mycorrhizal sorghum in response to
partial soil drying: two Glomus species at varying phosphorus
fertilization. J. Exper. Bot. 46: 297-307.
3. Azcon-Aguilar, C. and J. M. Barea. 1996. Arbuscular mycorrhizas
and biological control of soil-borne plant pathogens—an overview of
the mechanisms involved. Mycorrhiza 6: 457-464.
4. Bethlenfalvay, G. J. 1992. Mycorrhizae and crop productivity, p. 1-27.
In: Mycorrhizae in sustainable agriculture, G. J. Bethlenfalvay and R.
G. Linderman [eds.]. Am. Soc. Agron. Spec. Pub. No. 54, Madison, WI.
5. Brundrett, M. 1991. Mycorrhizas in natural ecosystems. Adv. Ecol.
Res. 21: 171-313.
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R. M. Augé. 1996. Mycorrhizal influence on hydraulic and hormonal
factors implicated in the control of stomatal conductance during
drought. J. Exper. Bot. 47: 1541-1550.
7. Kling, M. and I. Jakobsen. 1998. Arbuscular mycorrhiza in soil quality
assessment. Ambio 27: 29-33.
8. Klingeman, W. E., G. D. Buntin, M. W. van Iersel, and S. K. Braman.
Whole-plant gas exchange, not individual-leaf measurements
accurately assess azalea response to insecticides. Crop Prot. 19:
407-415.
9. McGonigle, T. P., M. H. Miller, D. G. Evans, G. L. Fairchild, and J. A.
Swan. 1990. A new method which gives an objective measure of
colonization of roots by vesicular-arbuscular mycorrhizal fungi. New
Phytol. 115:495-501.
10. van Iersel, M. W., and B. Bugbee. 2000. A semi-continuous, multichamber, crop CO2-exchange system: design, calibration, and data
interpretation. J. Am. Soc. Hort. Sci. 125: 86-92.

Table 1. NPK fertilizer ratios delivered to experimental treatments after 3
subsequent wateringsz.
Treatmenty

N

P

K

ML
NML
NMH

21.42 mM
21.42 mM
21.42 mM

0.66 mM
0.66 mM
1.32 mM

6.38 mM
6.38 mM
7.04 mM

z

All treatments received 150ppm Champion 13-2-13 for the first 2
waterings. Every 3rd watering, NMH roses were provided 25.5g KH2PO4
in 18.925-l H2O, yielding 0.66 mM each phosphorus (P) and potassium
(K): NML and ML roses received water only.
y

ML = inoculated, low P; NML = non-inoculated, low P; NMH = noninoculated, high P.
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Success Rates for Inoculation of Pin and Scarlet Oak
with Mycorrhizal Fungi
Thomas Martin, J. Roger Harris, Greg Eaton
Virginia Polytechnic Institute and State University
Department of Horticulture, Blacksburg, VA 24061
Index Words: mycorrhizae, container production, substrate, Pisolithus
tinctorius, Quercus coccinea, Q. palustris
Nature of Work: Mycorrhizae are symbiotic associations between higher
plants and fungi that frequently provide the host plant with the benefits of
improved nutrition, water relations, and resistance to pathogens and
metal toxicity. Inoculation of seedlings in forest seedling nurseries with
mycorrhizal fungi has frequently resulted in increased growth and
survival rates of host trees (Burgess et al., 1994; Hatchell and Marx,
1987; Dixon et al., 1984). Pisolithus tinctorius (Pt) is an ectomycorrhizal
fungus that forms symbiosis with species in at least 21 genera of plants.
Pt has shown some success at improving post-transplant seedling
growth and survival rates of many tree species (Marx and Bryan, 1970).
Commercial inocula containing ectomycorrhizae in general, and Pt in
particular, are being marketed to landscape nursery growers with the
claim that inoculation programs can increase growth and survival rates of
their plants. However, the vast majority of the research has focused on
the growing systems utilized by in-ground forest seedling nurseries, and
research does not take into account the use of containers for landscape
plant production.
Oaks have been shown to derive a host plant benefit with Pt colonization
(Dixon et al., 1984, Marx, 1979). Quercus palustris (pin oak) is generally
regarded as an easy oak to grow and transplant successfully, while Q.
coccinea (scarlet oak) is considerably more difficult. The primary goal of
this study was to determine the best mycorrhizal inoculation protocol for
container production of these two species.
This study was conducted at the Greenhouse complex at Virginia Tech,
Blacksburg, VA. On 5 May, 2000, germinated pin oak and scarlet oak
acorns were planted in 10.2-cm, diameter containers (4" SVD, T.O.
Plastics, Minneapolis, Minn.) filled with 900 cm3 of one of four substrates:
milled pine bark, sterilized milled pine bark, sterilized mineral soil, or
sterilized vermiculite/peat moss. All seedlings were fertilized with 4
grams of encapsulated slow-release fertilizer (15N-9P-12K, Osmocote®
Plus, the Scotts Co., Maryville, OH). One-third of the seedlings growing
in each substrate were inoculated with MycorTree™ Pt spore spray kit
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mixture (Plant Health Care, Inc., Pittsburgh PA), vegetative inoculum
grown at Virginia Tech, or no inoculum as a control on 3 July, 2000.
Harvest of seedlings began on 16 September, 2000 and ended on 4
October, 2000. Seedlings were evaluated qualitatively to determine if
successful inoculation with Pt occurred.
Results and Discussion: All seedlings inoculated with vegetative
inoculum showed no signs of mycorrhizae, although the fungus was still
living in the substrate. Application of the MycorTree™ Pt spore spray kit
showed varying percentages of inoculation success (Figure 1). In all
substrates, pin oak had a higher proportion of colonization rates than
scarlet oak, and no interaction between substrate type and tree species
was observed. Vermiculite/peat substrate had a higher proportion of
successful inoculation than all other substrates.
Data from this study indicate that Pt will infect species that are known to
form symbiotic relationships with this fungus at varying rates. Although
usually a superior method of inoculation, vegetative inoculation was
ineffective in this study. These factors may limit the potential benefits of
mycorrhizal inoculation programs utilizing this fungus in landscape tree
nurseries. Vermiculite/peat substrate is known to be conducive to the
growth of mycorrhizal fungi, and this substrate proved to be superior for
mycorrhizal inoculation. However, the high cost of vermiculite as well as
its water holding limitations likely prohibit its use in the large scale
production of landscape plants. Inoculation success rates for seedlings
grown in milled pine bark were not reliable enough to recommend the use
of mycorrhizal inocula with current landscape tree production methods.
More research needs to be performed in an attempt to increase successful
inoculation rates in landscape tree nurseries utilizing milled pine bark
substrates, to those levels enjoyed in forest seedling nurseries utilizing
vermiculite/peat substrates.
Significance to Industry: Mycorrhizal symbiosis is a complex interaction
which can be influenced by a wide array of environmental factors. The
complete lack of inoculation success with the vegetative inoculum, as well
as inoculation rates of less than 100% with the spore inoculum, indicate
that assumptions of total inoculation success are not reliable. In addition,
pin oak was colonized more frequently than scarlet oak, but likely will
recieve less benefit from the inoculation due to its relative ease of culture
and transplant success rates. Finally, the bulk use of vermiculite during
landscape plant production is financially prohibitive, leading to the
conclusion that improvement of inoculation rates when milled pine bark is
used as a substrate is essential before the wide scale use of mycorrhizal
inocula becomes practical for landscape plant production nurseries.
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northern red oak seedlings. USDA Forest Serv. Res. Note SE-282. 7 p.
5. Marx, D.H., Bryan, W.C. 1970. Pure culture synthesis of ectomycorrhiza by
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Growth and Drought Resistance of 15-Gallon Pot-in-Pot
Scarlet Oak Colonized with Mycorrhizal Fungi
Thomas Martin, J. Roger Harris, Greg Eaton
Virginia Polytechnic Institute and State University
Department of Horticulture, Blacksburg, VA 24061
Index Words: mycorrhizae, pot-in-pot, Scleroderma bovista, Quercus
coccinea, water potential
Nature of Work: Mycorrhizae are symbiotic associations between higher
plants and fungi that frequently provide the host plant with the benefits of
improved nutrition, water relations, and resistance to pathogens and metal
toxicity (1, 3, 5). Thus, mycorrhizal symbiosis is the subject of a considerable
body of research attempting to determine if fungal - tree associations can
enhance tree seedling performance. Many studies have indicated that
tree seedling performance can be enhanced with mycorrhizal inoculation
(2, 4). However, the vast majority of this research has been conducted on forest
seedlings, and does not take into consideration the effects of mycorrhizal
inoculation of larger trees grown under landscape nursery production methods.
Oaks have been shown to derive a host plant benefit from mycorrhizal
colonization (4, 6). This study began as an attempt to determine if
inoculation of scarlet oak with Pisolithus tinctorius (Pt) would improve
growth and plant water relations for trees grown in the popular pot-in-pot
growing system. However, an indigenous fungus was far more successful
at colonizing the trees used in this study. Therefore, the primary aim shifted
towards assessing the effectiveness of Scleroderma bovista as a
mycobiont in association with scarlet oak grown in the pot-in-pot system.
On 20 April, 1999, 30 scarlet oak trees were hand dug from mineral soil
beds at the Urban Horticultural Center of Virginia Tech, Blacksburg, Va.
(USDA hardiness zone 6A). Roots were washed free of soil, and 15 trees
were randomly selected and dipped in MycorTree™ Pt root dip purchased from
Plant Health Care, Inc., Pittsburgh, PA. All trees were then immediately potted
into 51-L containers (B-15, Lerio Inc., Mobile, Ala.) with 100% milled pine bark
(pH 5.1) as a substrate, top-dressed with 240 grams of encapsulated slowrelease fertilizer (15N-9P-12K, Osmocote® Plus, the Scotts Co., Maryville,
Ohio), and randomly placed into the pot-in-pot growing system. Height
and trunk diameter measurements were taken with a hand caliper three
times, on 20 April 1999, 29 November 1999 and 18 October 2000.
Trees were allowed to grow undisturbed for a period three months.
Starting in July 1999 trees were periodically lifted from their containers to
inspect for mycorrhizae on the edges of the root balls. Inspections
revealed mycorrhizal colonization of 17 out of 30 trees. These mycorrhizae
were fluffy and white in appearance to the naked eye, morphological
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characteristics not associated with Pt. Sporocarps soon began to form on
the surface of the pine bark substrate, allowing for identification of the
fungus as Scleroderma bovista. On 3 August 2000 six trees colonized
with S. bovista and six uncolonized trees were randomly selected and
potted up into 78-L containers (EG10000, Nursery Supplies, Inc.,
Fairless Hills, Penn.) and placed into a completely random statistical
design. Trees were allowed to grow for 50 days to reestablish in the 78-L
containers. On 22 September 2000 three containers in each treatment
were covered with plastic to prevent rain from entering the containers.
These plants were not irrigated for the remainder of the study. The
remaining three trees in each treatment were irrigated daily to container
capacity over the course of the experiment. On a preplanned schedule [22,
23, 24, 27, 29 Sept. and 1 Oct. 2000] the trees were measured at two-hour
intervals, from 700 to approximately 2100 hours, for leaf water potential. In
addition, a steady state porometer (LI-1600, LI-COR, Inc. Lincoln, Neb.)
was used to measure leaf conductivity on 27, 29 Sept. and 1 Oct. 2000.
Results and Discussion: Height and trunk diameter growth were similar
between mycorrhizal and nonmycorrhizal treatments. There was no
growth increase associated with mycorrhizal colonization of scarlet oak
growing in the restricted environment of containers.
Although there was no growth rate increase of tree height or trunk
diameter of scarlet oak growing in the pot-in-pot system when colonized
with S. bovista, potential benefits with regards to water stress amelioration
by mycorrhizae may still make mycorrhizal inoculation programs of
landscape trees worthwhile. By day 10 of the dry down treatment,
mycorrhizae had become a significant factor regarding leaf water
potential, and there was a significant interaction between mycorrhizae
and drought stress. Interestingly, the trees colonized with S. bovista had
more negative leaf water potential than the nonmycorrhizal trees when
comparing trees subject to water deficit stress (Figure 1). This data
indicates that mycorrhizal trees may utilize the water in restricted root
zones more quickly than nonmycorrhizal trees, leading to water deficit
stress more rapidly in those environments. Conductance measurements
showed a similar trend. On day 10 the observed decrease in conductivity
of mycorrhizal plants compared to nonmycorrhizal plants was significant.
Lower leaf conductivity is evidence that the mycorrhizal trees were more
drought stressed, and had undergone stomatal closure.
Significance to Industry: This study illustrates the tenuous nature of
mycorrhizal symbiosis. Pt proved ineffective at colonizing scarlet oak
grown in milled pine bark. However, S. bovista proved more effective at
colonizing scarlet oak in the pot-in-pot growing system. No benefit in
growth was observed for mycorrhizal trees, indicating that mycorrhizal
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colonization of landscape trees may not lead to faster production of a
sellable product. In addition, mycorrhizal colonization may be deleterious to
trees growing in environments with restricted root zones when water is
limited. Thus, mycorrhizal trees may be less suitable for use in planters
in urban areas than nonmycorrhizal trees.
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Figure 1. Leaf water potential of mycorrhizal and nonmycorrhizal trees
10 days after withholding irrigation (dry down) or with daily irrigation
(wet). Leaf water potential = mean of two leaves from each of two
randomly selected trees per treatment
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Effect of Crapemyrtle Liner Age on Subsequent Growth
in Container Production
1
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Univeristy of Arkansas Coop. Ext. Service, Little Rock, AR 72203
2
Kansas State University, Dept. of Hort., Manhattan, KS 66506

Index Words: Crapemyrtle, Lagerstroemia L., liners, nursery production
Nature of Work: Container-grown liners are the primary source for finished
container-grown plants. Most nurseries that grow container-grown liners
grade them prior to canning based primarily on plant age or size.
Morningside Nursery, Morrilton, AR, is a major supplier of crapemyrtle
(Lagerstroemia L.) liners for the United States. In most cases, crapemyrtle
cuttings are taken in May or June with a finished liner being sold the
following spring. This is referred to as a 1-year liner. Liners that are held
over an additional winter are referred to as a 2-year liner. In most cases,
Morningside Nursery generally sells only 1-year liners and disposes of
carry-over crops. They believe, with no research to back up their belief,
that these ‘older’ liners would result in a poorer quality finished containergrown plant. This research was conducted to determine whether 2-year
liners of crapemyrtle are inferior to their younger analogs.
Results and Discussion: Five different cultivars of crapemyrtle liners
were sorted by nursery staff in May 2000 into 1-year-old and 2-year-old
(‘carryover’) plants. Both these groups of liners had been grown in 2"
liner pots. Liners were transported to Fayetteville for transplanting into a
finished one-gallon container. Liners were potted into containers on May
25, 2000. Potting media was a Strong-lite High Porosity potting soil and
plants were topdress fertilized with Multicote 17-5-12 (10-12 month) at
the rate of 13 gm/pot (1.5 lb N/yd3). Plants were placed on a gravel bed
and overhead irrigated as needed. Containers were placed in a completely
randomized design with 5 single plant reps.
One cultivar (Muscogee) was sacrificed at the beginning to get an estimate
of root dry weight. The root system was carefully washed before being
dried in a forced air oven at 58o C for 2 days and then weighed. Mean dry
weight of roots from the 2-year-old and 1-year-old Muscogee crapemyrtle
was 2.8 and 1.0 grams, respectively.
At the end of the growing season (November 2, 2000) dry weights of roots
and shoots were measured.
Root and shoot growth of Dynamite liners was greater than that of all
other cultivars and shoot growth of Zuni liners was significantly less than
that of other cultivars (Table 1). Importantly, these differences were
independent of liner age since statistical analysis indicated no significant
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cultivar by age interaction for either shoot or root growth. Root and shoot
growth of both 1-year and 2-year liners were indistinguishable (Table 2).
Based on these results it would appear that Morningside Nursery can sell
‘carryover’ liners and feel comfortable that their customers will grow plants
sized similarly to ‘new’ liners. Although carrying liners over is not desirable
from the standpoint of the additional cost of handling these plants through
two winters, it does offer nurseries the option to use this older liner crop to
fill orders when ‘new’ inventory is limited.
Significance to Industry: A major economic issue for nurseries growing
liners is the effect of ‘carry-over’ on long-term growth of a ‘finished’
container. Results from this experiment suggest that older ‘carry-over’
liners are just as salable as younger liners, thus decreasing losses and
increasing production yields.
Literature Cited:
Davidson, H., R. Mecklenburg, and C. Peterson. 2000. Nursery
Management. Administration and Culture. Prentice Hall, 529 p.
Table 1. Final shoot and root dry weight of finished one-gallon
crapemyrtle cultivars.
Cultivar main effects

Final Shoot Dry Wt. (gm)

Final Root Dry Wt. (gm)

Dynamite

26.0 a

17.8 a

Tuscarora

17.2 b

11.5 b

Tonto

18.0 b

9.2 b

Zuni

9.3 c

8.0 b

Numbers within a column followed by the same letter are not significant
at the 5% level
Table 2. Effect of age on final shoot and root dry weight of finished onegallon crapemyrtle plants.
Age main effects
One-year
Two-year

Final Shoot Dry Wt. (gm)
17.2 a
18.0 a

Final Root Dry Wt. (gm)
11.3 a
11.9 a

Numbers within a column followed by the same letter are not significant
at the 5% level
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Fertilizer Rate Effect on Chrysanthemum Production in
Vermicompost Substrates
Pablo R. Hidalgo, Richard L. Harkess, and Frank Matta.
Mississippi State University, Mississippi State, MS 39762
Index Words: Earthworm castings, Dendranthema x grandiflorum Kitam
Nature of Work: Plant production in containers requires the development
of substrates that hold an adequate water supply for the plant, but that
drain well enough for good aeration and root growth. Soilless substrates,
comprised mostly of sphagnum peat with an aggregate such as perlite or
vermiculite meet these requirements (Fonteno, 1993).
Vermicomposting animal wastes produces a product that is relatively
homogeneous, with desirable aesthetic qualities, reduced levels of contaminants,
and a tendency to hold nutrients over a long period without impacting the
environment (Ndegwa et al., 1999). It has been proven that vermicompost
could provide nutrients required for at least a part of the vegetative cycle of
horticultural plants grown in pots. The length of this time is dependent on the
plant species and nutritional requirement (Tomati, et al., 1993; Hidalgo, 2001).
Greater growth (tallest plants, greatest number of branches, and greatest
number of leaves) and yield of china aster were obtained with 10 ton of
vermicompost/ha and 100% NPK. The longest vase life of cut flowers was
obtained with 15 ton /ha of vermicompost and 50% NPK treatment. The
objectives of this study were to determine if vermicompost could be a suitable
substrate amendment for chrysanthemum production, to determine which
source of manure (horse, cow, or sheep) produced the best vermicompost for
this use, and to determine if the rate of fertilization can be reduced when
vermicompost is used in floricultural substrates.
Four rooted chrysanthemum, Dendranthema x grandiflorum Kitam, ‘Miramar’
cuttings were transplanted to a 6 inch plastic pot on January 06, 2000 and
grown in a polyethylene covered greenhouse. Castings (C) were produced
using the red worm, Eisenia fetida, feeding on sheep (SC), cow (CC), or
horse (HC) manures. Each of these alone or mixed with peat moss:perlite
(70:30 v/v) (PM) at 1:3, 1:1, or 3:1 PM:C ratios were used as the substrates
to be evaluated in the experiment. PM alone and Sunshine® Mix 1 (SunGro
Horticulture, Bellevue, WA) were used as the controls. A night interruption
from 22:00 to 02:00 HR was used until January 27. The plants were pinched
on January 17 taking approximately 2.5 cm of new growth. Plants were
fertilized using Peter’s Professional Pot Mum Special 15N-4.3P-24.9K Ca/
Mg (The Scotts Co., Marysville, OH) at 0, 50, 200, or 350 mg•L-1 N by
fertigation any time water was needed. Clear water was applied during
weekends. At harvest, data for plant height and diameter were used to
calculate a plant growth index where GI = 3.147 * radius2 * height.
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Results and discussion: Plant growth index (GI), at 0 mg•L-1 N, was greater
in 1:3 and 1:1 P:SC than in 3:1 P:SC (Table 1). In CC, GI was greater in 1:3
P:CC than in 3:1 P:CC. There were no differences between HC substrates
at 0 mg•L-1 N. The control substrates produced plants with the lowest GI.
GI tended to be greater in SC substrates than CC or HC and greater in CC
substrates than in HC. At 50 mg•L-1 N, GI was greater in 1:3 or 1:1 P:SC
than in 0:1 P:SC but not 3:1 P:SC. Within CC substrates, at 50 mg•L-1 N,
plants in 1:1 P:CC had greater GI than the other CC substrates. P:HC at
3:1 produced plants with greater GI than 0:1 P:HC. The P:SC and P:CC
substrates were better than either control substrate as was 3:1 P:HC. At
200 mg•L-1 N there were no differences between 1:3, 1:1, and 3:1 P:SC
which all had greater GI than 0:1 P:SC. This trend was also true in P:CC
and P:HC substrates. None of the 0:1 P:C substrates were better than the
peat control. At 200 mg•L-1 N, the Sunshine® control performed similarly to
the vermicompost substrates containing at least some peat. GI increased
as peat content increased in the SC substrates when fertilized at 350
mg•L-1 N. Within the CC and HC substrates, the addition of peat to the
C produced larger plants. Only 3:1 P:SC produced larger plants at 350
mg•L-1 N. The 0:1 P:C substrates all resulted in plants smaller than the
controls at this fertilizer rate. As fertilizer rates increased there were fewer
differences between substrates when peat was present. At low fertilizer
rates SC produced the largest plants but only when mixed with peat at 1:3
or 1:1 P:C. Plant growth index within substrates at harvest was not
different for plants grown in 0:1 and 1:3 P:SC substrates at 50, 200, or 350
mg•L-1 N (Table 1). Plants grown in P:CC substrates had similar growth
index when grown at 200 and 350 mg•L-1 N. The same was observed for
1:3 and 3:1 P:HC and Sunshine® control. The general trend for the remaining
treatments was to increase in growth index as fertilizer rate increased. All
the substrates produced the least plant growth index when no fertilizer was
applied. At least 50 mg•L-1 N was necessary to observe a growth response
in chrysanthemum plants.
In this experiment, the greatest growth index with no fertilizer application
or 50 mg•L-1 N was obtained in P:SC substrates. Similar results were
observed in 1:1 P:CC at 50 mg•L-1 N. At 200 and 350 mg•L-1 N the
effect of casting was less visible. It is important to note that for the
P:SC substrates growth index increased when casting was mixed with peat.
The least growth was observed in P:HC substrates when fertilization rate
was less than 200 mg•L-1 N as compared to the other casting types. At 350
mg•L-1 N no differences were observed in growth index within P:CC and
P:HC mixtures. At any fertilizer rate, the number of flowers was always
greater in P:SC substrates. There was a plant response that was not just
dependent on the amount of fertilizer applied. This was clear when number
of flowers was evaluated and P:SC substrates were always superior to
P:CC, P:HC and controls at any fertilizer rate.
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Significance to Industry: The results obtained in this experiment show
that vermicompost is a suitable substrate amendment for chrysanthemum
production. Vermicompost from sheep manure produced larger plants
with less fertilizer inputs than vermicompost from cow or horse manures.
Fertilizer rates can be reduced by adding vermicompost to the substrate
mixture. Fertilizer rate of 200 mg•L-1 N produced as large a plant as 350
for most substrates evaluated in this experiment. An exception was 0:1
P:SC which required just 50 mg•L-1 N to produce as great a growth index
as 200 or 350 mg•L-1 N.
Literature Cited:
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Table 1: Growth index (cm 3) of chrysanthemum ‘Miramar’ grown in
vermicompost substrates and measured at harvest as affected by substrate
and fertilizer rate. GI = P • { [(w1 + w2)/2]/2}2 • h
Fertilizer Rate (mg • l-1 N)
0

50

200

350

Growth index (cm3)

Substrates
P u :SC y 0:1

22497 ab Bz

42208 cd A

40560 c A

45735 e

P:SC 1:3

24736 a B

54829 a

A

63170 ab A

58708 de A

P:SC 1:1

26142 a C

54700 a

B

65044 ab AB 76454 b

A

P:SC 3:1

19812 bc D

49379 ab C

72466 a B

92560 a

A

P:CC x 0:1

17294 cd C

32324 efg B

42184 c A

45520 e

A

P:CC 1:3

19958 bc C

38886 de B

58597 b

A

64939 bcd A

P:CC 1:1

16788 cd C

46288 bc B

67878 ab A

63918 bcd A

P:CC 3:1

14160 de C

37651 de B

66928 ab A

67204 bcd A

P:HC w 0:1

13610 de C

27657 gh B

35147 c

B

57380 de A

P:HC 1:3

14440 de C

29487 fgh B

67642 ab A

69252 bcd A

P:HC 1:1

15008 de D

34430 efg C

61224 b

B

73190 bc A

P:HC 3:1

11260 e C

35316 def B

66398 ab A

65664 bcd A

P:C v 1:0

4261 f

D

24042 h

44775 c

B

62584 cd A

Sunshine Mix 1 5152 f

C

27555 gh B

64357 ab A

68252 bcd A

z

C

A

Means separation within rows (upper case letters) and columns (lower
case letters) by SNK, P=0.05
Y
peat moss : casting from sheep manure
x
peat moss : casting from cow manure
w
peat moss : casting from horse manure
v
peat moss : casting (control)
u
P = peat : perlite (70/30 v/v)
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Influence of #7 Fiber Pots on the Growth of Three
Ornamental Trees
1

John M. Ruter1 and Keith D. Mickler2
University of Georgia, Dept. of Horticulture, Tifton, GA 31793
2
University of Georgia Cooperative Extension Service
Cairo, GA 31728

Index Words: Cryptomeria japonica ‘Yoshino’, x Cupressocyparis
leylandii, Magnolia grandiflora ‘D.D. Blanchard’
Nature of Work: Plastic container sidewall temperatures of 70 C (158 F)
have been measured in south Georgia during the summer months (John
Ruter, personal observation). In general, root-zone temperatures in
excess of 32 C (92 F) can be detrimental to plant growth. Previous
research has shown that fiber pots have lower substrate temperatures
and can improve the growth of numerous species (1). Growers have noted
that the following plants may benefit from lower root-zone temperatures in
large containers: Cryptomeria japonica ‘Yoshino’, x Cupressocyparis
leylandii, and Magnolia grandiflora ‘D.D. Blanchard’. Therefore, the purpose
of this study was to determine if these three species would perform better in
Spin Out-treated fiber pots compared to traditional black plastic containers.
The study was conducted outdoors under full sun conditions on black
polyethylene-covered beds at Gainous Shade Trees Incorporated in Cairo,
GA. Uniform liners of the three species were potted in late February, 2000
into #7 (14" x 11.5") plastic containers (Nursery Supplies, Chambersburg,
PA) or 15" x 13" Root Gaurde Fiber pots (Western Pulp Products,
Corvallis, OR) using the same volume of substrate for each container.
Substrate consisted of milled pine bark, peat moss, and river sand
(70:20:10 by vol) amended with 4.0 lbs/yd3 James River dolomitic
limestone (Buchanan, VA), 1.5 lbs/yd3 Micromax (The Scotts Company,
Marysville, OH), and 3.0 lbs/yd3 of Osmocote 17-6-12 (6 mo., The Scotts
Company). All plants were topdressed with 135 g (4.8 oz) of Nutricote
Total 17-6-8 (Florikan, Sarasota, FL) after potting. Plants were arranged in
completely randomized blocks by species with ten single plant replicates
per treatment. Irrigation was applied using solid set sprinklers at the rate of
0.5 inches per irrigation as needed.
Plant height and two perpendicular width measurements were taken
every two months from March 1 to November 1, 2000. At the termination
of the study in November, root and shoot dry weights were determined for
Cryptomeria and Magnolia. Data was analyzed for analysis of variance
using SAS. Mean separations were determined using an LSD t Test with an
alpha of 0.05.
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Results and Discussion: Plastic or fiber pots had no influence on the
growth of x Cupressocyparis leylandii. Total biomass (root + shoot dry
weight) of Cryptomeria increased 11% when grown in fiber pots compared
with plastic containers. Final plant height or width was not influenced by
type of container used. After four months of growth ‘D.D. Blanchard’
magnolias were 28% larger in plastic containers compared to those in fiber
pots. Final plant height was 22% greater for plants in plastic containers.
Shoot dry weight was 42% greater for plants grown in plastic containers
compared to those in fiber pots. Container had no influence on final root
dry weight of ‘D.D. Blanchard’ magnolia.
Fiber pots lose about twice as much water compared to plastic containers
due to evaporation of water from the sides of the containers (John Ruter,
unpublished data). It was noted about midway through the study that dry
pockets were forming in the substrates of plants in fiber pots, particularly
the magnolias. At harvest it was noted that the substrate in the fiber pots for
all three species was very dry compared to that in the plastic containers. It
is our conclusion that the differences and/or lack or differences in growth
seen in this study may have been due to insufficient irrigation being
applied to the plants grown in fiber pots.
Significance to Industry: Large fiber pots can be used to produce
container-grown trees. The pots used in this study were treated with Spin
Out and showed excellent structural integrity at the termination of the
study, as well as good control of root circling. Further work with different
irrigation volumes should be attempted to resolve production differences
of plants grown in large fiber pots versus those in plastic containers. Due
to evaporative losses of water through the sides of fiber pots growers
should be aware that increased irrigation volumes may be required to
see the benefits of improved plant growth compared to plants produced
in plastic containers. No losses or poor plant growth was noted for plants
grown in plastic containers. This indicates that growers may typically
over-irrigate the species used in this test, thus inducing stressful
conditions which lead to decline during the summer months.
Literature Cited:
Ruter, J.M. 2000. Fiber pots with Spin Out for nursery crop production.
Proc. Int. Plant Prop. Soc. 50:61-64.
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Evaluation of Five Long-Term Controlled Release
Fertilizers In # 5 Containers
1

Keith D. Mickler1 and John M. Ruter2
University of Georgia Cooperative Extension Service,
Grady County, Cairo, GA 31728
2
University of Georgia, Tifton, GA 31793

Index Words: (EC, Gracote, Maple, Multicote, Nutricote, Osmocote,
Polyon, pH)
Nature of Work: The objective of this study was to evaluate five long-term
(eight to twelve month) controlled release fertilizers with micornutrients
under south Georgia nursery production conditions for their nutrient
release and effect on substrate pH over an eight month growing period.
The controlled release fertilizers evaluated in this study were: Gracote
18-5-14 (Cairo, GA), Multicote (12) 17-5-11 (Apopka, FL), Nutricote Total
17-6-8 (Sarasota, FL), Osmocote Plus 15-9-12 Southern Formula
(Marysville, OH), and Polyon NPK+ 17-5-11(Sylacauga, AL).
The study was conducted outdoors under full sun on black polypropylenecovered beds at Gainous Shade Trees Incorporated in Cairo, GA. Uniform
#1 (2.8 liter) Acer x freemanii ‘Jeffersred’ (Autumn Blaze) Red Maple were
potted into # 5 (19 Liter) containers in December 1999. Potting substrate
consisted of milled pine bark, peat moss, and river sand (70:20:10 by
volume) amended with James River dolomitic limestone (Buchanan, VA)
at 4 lbs per yd3, Micromax (Marysville, OH) at 1.5 lbs per yd3 and Osmocote
17-6-2 (6 mo.) at 3 lbs per yd3. Fertilizer treatments were Gracote 18-5-14,
Multicote 17-5-11, Nutricote 17-6-8, Osmocote Plus 15-9-12 Southern
Formula, and Polyon Plus 17-5-11. On February 25, 2000 the controlled
release fertilizers were topdressed at a rate of 20.4 grams of nitrogen
per container (Table 1). Plants were arranged as a completely randomized
block with five replications per treatment.
Plants were irrigated as needed at the rate of (0.5 in) of water per
irrigation cycle using solid set sprinklers. Electrical conductivity (EC) and
pH readings were take at 30, 60, 90, 120, 150, 180, 210, and 240 days
after application. The Virginia Tech pour-through method was used to
collect leachate from the container substrate(1, 2). Electrical conductivity
and pH of the leachate samples were determined using the Myron L AG6
conductivity and pH Agri-Meter (Myron-L Co., Carlsbad, CA).
Fertilizer treatments were evaluated by date using analysis of variance
with SAS. Mean separations were by Waller-Duncan K-ratio t test.
Differences were considered significant at P = 0.05.
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Results and Discussion: EC: Five days after application (DAA) Gracote
had the highest EC (1.57 dS/m) of all products, mainly due to uncoated
potassium nitrate and micronutrients in the fertilizer blend. The remaining
fertilizers were not different at 5 DAA. At 30 DAA Polyon had the lowest
EC reading while the other four fertilizers were not different from each
other. At 60 DAA none of the fertilizer treatments showed any differences
in EC. Polyon had the highest EC reading of 1.13 dS/m while the other
products were not different at 90 DAA. Osmocote Plus had the highest EC
at 120 DAA, with Nutricote, Multicote, and Polyon showing no differences in
EC. At 150 DAA the first EC reading below the recommended minimum of
0.20 dS/m occurred with Gracote (1, 2). Gracote remained below an EC of
0.20 dS/m from 150 DAA until the termination of the study at 240 DAA. At
180 DAA none of the treatments were different from one another. At 210
DAA Osmocote Plus had the highest EC (0.25 dS/m) with all other
fertilizer treatments being below the recommend minimum EC. At 240
DAA EC ranged from Osmocote Plus at 0.25 dS/m to a low of 0.03 dS/m
for Gracote.

pH: The pH of all treatments ranged from 5.8 to 7.7 during the course of
the study. Final pH measurements at 240 DAA were highest for Nutricote
(7.7) and Gracote (7.6) and lowest for the plants treated with Osmocote
Plus (7.1).
Other data points taken during this study were plant height and stem
diameter. None of the fertilizer treatments produced a significant difference
in height or stem diameter. Variation in growth among plants within
treatments likely limited treatment differences. This data is not reported.
Although growth was similar, foliage color of plants treated with Gracote
was noticeably lighter green than for plants in the other treatments at
the end of the study.
Significance to Industry: By evaluating these long-term controlled
release fertilizers we hope to provide growers with information that can
assist them in determining which controlled release fertilizer product will
best fit their growing program and provide them the best financial return
on their fertilizer investment. At the rates of application used in this study
Gracote provided sufficient nutrients based on EC measurements for
<150 days while all other fertilizers provided sufficient nutrients for
approximately 180 days in #5 containers.
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Table 1. Controlled Release Fertilizers and Rates
Controlled Release
Fertilizer

Analysis

Amount per pot in
grams.

Gracote

18-5-14

113.5

Multicote (12)

17-5-11

120

Nutricote Total

17-6-8

120

Osmocote Plus

15-9-12

136

Polyon NPK +

17-5-11

120

Literature Cited:
1. Yeager, T.H., C.H. Gilliam, T.E. Bilderback, D.C. Fare, A.X. Niemiera,
and K.M. Tilt. 1997. Best Management Practices Guide for Producing
Container-Grown Plants. Southern Nursery Assoc. Atlanta, GA.
2. Garber, Melvin. P. and Ruter, John. M. 1993. Ornamental Horticulture
Facts, Extension Horticulture Department, The University of Georgia.
Fact Sheet H-93-015, Measuring Soluble Salts and pH with the
Pour-Through Method.
3. Garber, Melvin. P. and Ruter, John. M. 1993. Ornamental Horticulture
Facts, Extension Horticulture Department, The University of Georgia.
Fact Sheet H-93-016, Monitoring and Adjusting Soluble Salts and pH.
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Wilbro Organic Liqui-Feed Improves Container Plant
Growth of Abelia and Crapemyrtle.
Dr. James T. Midcap
Department of Horticulture, University of Georgia, Athens, GA 30602
Index Words: Wilbro Organic Liqui-Feed, Foliar Fertilization, Abelia,
Crapemyrtle.
Nature of Work: Wilbro Organic Liqui-Feed 8-7-7 Plus Minerals and
Trace Elements is promoted for use to produce healthy robust seedling,
flowers, trees, etc. It provides a balanced fertilizer which is rapidly
assimilated through foliage as well as roots. It is useful when plants are
stressed due to adverse climatic conditions, nutrient deficiencies, or
transplant shock as stated in their literature(1).
Wilbro 8-7-7 was applied as a foliar spray diluted 1:200 with water as
recommended and applied once each month to runoff. Peters 20-20-20
with minors was applied at 150 ppm at the same time and method. A
control with no foliar spray was included.

Abelia x grandiflora and Lagerstroemia x ‘Natchez’ cuttings were direct
stuck in trade gallons filled with a pine bark:sand mix (6:1) and rooted
under mist. The potting mix was amended with 14# Osmocote Pro 23-4-8,
1.5# Micromax and 4# dolomitic lime. The rooted cuttings were moved
outside onto the gravel bed on May 31, 2000 and the first applications
were made one week later. Wilbro 8-7-7 and Peters 20-20-20 were
applied every four weeks for the rest of the season.
Results and Discussion: The abelia plants were pruned back to 8" tall
and to the side of the pot in mid July. The leaves and stems removed
during pruning were dried and weighed. The Wilbro 8-7-7 treatment
produced 8.24 drams (14.6 grams) of average dry weight per pot. The
Peters 20-20-20 treatment produced 7.67 drams (13.6 grams) and the
control produced 7.79 drams (13.8 grams) of average dry weight per pot.
There was no statistical differences between these treatments.
The nutritional analysis of the potting mix and leaf tissue was done in late
October. The soluble salts, NO3 and NH4 nitrogen, phosphorous and
potassium in the potting mix were all in the acceptable range for all
treatments. The calcium and magnesium levels were low for all treatments.
The Peters 20-20-20 treatment elevated the nutrient levels on the Abelia
crop for all nutrients over the control and Wilbro treatments. The Wilbro
8-7-7 treatment was nearly identical to the control for all nutrients.
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The abelia and crapemyrtle leaf tissues had acceptable levels of nitrogen,
calcium, magnesium, iron, manganese and zinc for all treatments. The
phosphorous, potassium, boron and copper levels were all low for all
treatments. There were no large differences between treatments for the
leaf nutrient analysis of either crop.
The treatments were ranked by nursery personal in late October and
given a quality rating. The ratings scale was 100 for excellent plants, 60
for average plants and 20 for poor plants. The results of evaluating 20
plants from each treatment are presented in Table 1. The Wilbro 8-7-7
produced the highest quality Abelias when compared to the Peters 20-20-20
and the control. The plants from the Wilbro 8-7-7 treatment were slightly
larger, much more dense and rated very good. There were many more
flowers on the Wilbro 8-7-7 treated abelias in late October. The
crapemyrtles were difficult to judge. The control appeared slightly better
than the Wilbro 8-7-7, which was better than the Peters 20-20-20.
The plant top dry weights were recorded on October 31,2000 (Tables 2 &
3). In both the abelia and crapemyrtle crops, the Wilbro 8-7-7 treatments
produced significantly greater top dry weight than the control or the
Peters 20-20-20 treatments. Greater dry weight is reflected in more
growth during the production season.
Significance to Industry: The Wilbro Organic Liqui-Feed increased plant
growth in abelia and crapemyrtle when compared to a Peters 20-20-20
foliar feed and a control. Abelia quality improved with the Wilbro Organic
Liqui-Feed treatment, plants were larger, more dense and had more
flowers at seasons end. Wilbro Organic Liqui-Feed 8-7-7 could prove
beneficial on nursery crops needing an extra boost during the production
season to improve growth and quality.
Literature Cited:
1. Wilbro Product Literature and Personal Information from Rick
Helpingstine, Wilbro Inc., Norway, SC.
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Table 1. Abelia & Crapemyrtle Quality Ratings*
Treatment

Abelia

Crapemyrtle

Control

75.3

79.3

Peters 20-20-20
Foliar Spray

77.3

74.7

Wilbro 8-7-7
1:200 Dilution

84.7

77.0

*Excellent = 100, Good = 80, Average = 60, Questionable = 40 and Poor = 20

Table 2. Abelia Dry Weight Statistical Analysis
Treatment

Mean Weight

Non-Significant
Range*

Control

22.4 drams
(39.7 grams)

a

Peters 20-20-20
Foliar Spray

23.5 drams
(41.7 grams)

a

Wilbro 8-7-7
1:200 Dilution

27.2 drams
(48.2 grams)

b

*Treatments means sharing the same letter are not significantly different
using the Student-Newman-Keuls test.

Table 3. Crapemyrtle Dry Weight Statistical Analysis
Treatment

Mean Weight

Non-Significant
Range*

Control

19.5 drams
(34.5 grams)

a

Peters 20-20-20
Foliar Spray

20.2 drams
(35.9 grams)

a

Wilbro 8-7-7
1:200 Dilution

22.7 drams
(40.2 grams)

b

*Treatments means sharing the same letter are not significantly different using
the Student-Newman-Keuls test.
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Dolomite Blend and Rate Influence Substrate pH And
Growth of Nursery Crops
Sven E. Svenson, Juliana Buckelew, Alison Henderson,
Jay Paxson and Kathy Sanford
Oregon State University,
North Willamette Research & Extension Center,
15210 NE Miley Road, Aurora, OR 97002-9543
Index Words: Arctostaphylos urv-ursi ‘Radiant,’ Armeria maritima
‘Rubrifolia,’ Heuchera ‘Mint Frost,’ Thuja occidentalis ‘Danica,’ Vaccinium
‘Darrow,’ Vinca minor ‘Bowles,’ Douglas-fir bark, container production.
Nature of Work: Studies have shown that pre-plant incorporation of
calcium (usually as dolomite) can promote, inhibit or have little influence
on the growth of nursery crops, depending upon species studied, the
source of calcium, and the form in which it is applied (Bilderback and
Warren, 1998; Cooper et al., 1997; Leda and Wright, 1992; Mayfield et
al., 2000; Midcap, 1999a,b; Murphree et al. 1997; and many others).
None of these studies have been performed using Douglas-fir bark as
the growing substrate. The objective of this study was to determine the
influence of dolomitic rates and grind blends on substrate pH and growth
of selected nursery crops grown in Douglas-fir bark.

Arctostaphylos urv-ursi ‘Radiant,’ Armeria maritima ‘Rubrifolia,’ Heuchera
‘Mint Frost,’ Thuja occidentalis ‘Danica,’ Vaccinium ‘Darrow,’ and Vinca
minor ‘Bowles’ were potted into #1 nursery containers (2.5 liter) filled with
Douglas-fir bark amended with 4 rates (0, 2, 4, 8 lbs/yd3) of dolomitic lime
interacted with 4 grind blends (0:100, 50:50, 25:75 and 100:0; AG65:AG10,
by weight), creating 13 fertilizer treatments (June 10, 2000). With AG10
dolomite, 10% of the particles pass Through a 100 mesh screen, while 65% of
AG65 particles pass a 100 mesh screen. Nitrogen, phosphorus and potassium
fertilization were kept similar for all treatments using a controlled-release fertilizer
(Osmocote 18-6-12 at 18 g per pot, top-dressed). Leachate pH and plant shoot
size were periodically recorded beginning 2 days after potting. Shoot dry
weights were recorded on 10 October. The experiment used 10 blocks of
plants, each containing two plants for each taxa and treatment combination.
Upon completion of the study, a subsample of all plants will be harvested to
determine shoot dry weight. SAS ANOVA was used for data analysis.
Results and Discussion: Recorded leachate pH is listed in Table 1.
Initially, pH increased as the amount of dolomite added increased, and
pH increased slower as the amount of AG65 lime in the blend decreased.
By December, there were no pH differences among treatments, suggesting
that minerals in the irrigation water supply had more long-term influence on
substrate pH than the blend or amount of dolomite added before planting.
A longer period of time may be required to properly determine the
influence of amount and type of dolomite on substrate pH.
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Growth differences between treatments became visible about mid-August
(data not shown). For Vinca, the largest plants with the darkest green
leaves were grown without dolomite. For Arctostaphylos, the largest plants
with the darkest green leaves were grown without dolomite, or with 2 lbs
AG65/yd3 or 2 or 4 lbs AG10/yd3. For Vaccinium, plants grown with more
than 25% AG65 at any rate were smaller and chlorotic, with the largest
plants grown with 2 or 4 lbs AG10/yd3. There were no visible treatment
effects on shoot size of Armeria, Heuchera or Thuja in mid-August.
Shoot dry weights of Armeria, Heuchera, Thuja and Vaccinium did not
differ among treatments in October. Shoot dry weight of Arctostaphylos
decreased as the amount of lime increased (Table 2), and was not
influenced by the percentage of AG10 in the dolomite. Arctostaphylos
had the largest shoots when grown without any dolomite added. Vinca
had larger shoots without any dolomite compared to any rate of 100% or
50% AG65 dolomite (Table 2). The 2 lb/yd3 rate of 75% AG10 and the 2
or 4 lb/yd3 rate of 100% AG10 produced the most shoot dry weight for
Vinca. Final plant sizes were similar to results for shoot dry weight (data
not shown).
Significance to Industry: Use of AG65 or AG10 dolomite did not
influence shoot growth of Armeria, Heuchera, Thuja or Vaccinium. Use
of 100% AG65 dolomite at any rate inhibited the shoot growth of
Arctostaphylos and Vinca. Incorporating dolomite into the substrate
improved the growth of Vinca at 2 lb/yd3 rate of 75% AG10 and at the 2
or 4 lb/yd3 rate of 100% AG10. Based on the lack of differences in pH in
December from the various rates of dolomite added, the quality of the
water used for irrigation appears to be very important. Commercial growers
should test the various dolomite rates and types using the water source
that will be used for crop production. Based on these results, there appears
to be no benefit from the use of AG65 lime in Douglas-fir bark substrates.
Results may be different if a different irrigation water source is used.
Acknowledgements: The authors thank Fall Creek Farm and Nursery,
Mitsch Nursery, Monrovia Growers, and Terra Nova Nursery, the Oregon
Association of Nurserymen and the Oregon Department of Agriculture
for support of this research. The authors also thank Andy Nagy, Jennifer
Boyd, Mary Deeney and Linda Clarke for technical assistance during
this study.
Literature Cited:
1. Bilderback, T.E. and S.L. Warren. 1998. Effects of dolomitic limestone
and micronutrients. Comb. Proc. Intl. Plant Prop. Soc. 48:618-623.
2. Cooper, J.C., D.J. Eakes, C.H. Gilliam, G.J. Keever and J.W. Olive.
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Table 1. Influence of sampling date and dolomite type and rate on leachate
pH of a Douglas-fir bark substrate in #1 nursery containers (6 in diameter
top and 6 in tall).
Treatment
number
1
2
3
4
5
6
7
8
9
10
11
12
13
water
1

lbs/yd1
dolomite
AG65 AG10

pH
Jun 26 Jul 8

Aug 21 Sep 11 Dec 27

0
2
4
8
1
2
4
0.5
1
2
0
0
0
—

5.9
6.2
6.4
6.6
6.0
6.2
6.4
6.0
6.0
6.2
6.0
6.0
6.2
7.1

6.1
6.8
6.8
7.1
6.8
7.2
7.2
6.8
7.0
6.9
6.7
6.6
7.0
7.2

0
0
0
0
1
2
4
1.5
3
6
2
4
8
—

5.9
6.6
6.8
7.0
6.6
6.8
7.0
6.4
6.6
6.8
6.4
6.4
6.6
7.2

6.8
7.1
7.2
7.0
6.8
7.0
7.0
7.0
6.9
6.9
7.1
7.1
6.8
7.1

6.8
7.0
7.2
7.1
7.0
7.1
7.2
7.0
7.0
6.8
7.1
7.0
6.8
7.1

Amount of AG65 or AG10 dolomitic lime added to Douglas-fir bark substrate.
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Table 2. Influence of amount and type of dolomitic lime incorporated into
the Douglas-fir bark substrate on shoot dry weight of Arctostaphylos
‘Radiant’ and Vinca ‘Bowles.’ Values are means±standard errors.

Percentage
AG101 (lbs/yd3)2
0

50%

75%

100%

Shoot dry weight (g)
Arctostaphylos

Vinca

0

7.6±1.2

7.9±1.6

2

4.3±1.4

4.2±0.7

4

0.6±0.3

4.1±0.5

8

1.1±0.5

4.0±1.1

2

3.6±1.7

5.8±1.7

4

1.3±0.7

7.1±1.0

8

2.2±0.4

6.7±2.5

2

6.9±2.1

11.6±1.1

4

3.3±0.8

8.3±0.9

8

1.6±0.8

10.3±1.7

2

5.0±2.4

11.0±1.4

4

4.0±1.3

12.0±1.8

8

2.7±0.5

8.4±1.6

NS
**
NS

**
NS
NS

Dolomite
rate

Significance (PR>F)3
AG10 (T)
Dolomite rate (D)
TxD

1

Percentage of the dolomitic lime rate applied that was AG10, with the
remaining amount composed of AG65 dolomitic lime. AG10 has 10%
that passes a 100 mesh screen, while AG65 has 65% that passes a 100
mesh screen.
2
Total amount of dolomitic lime incorporated into the substrate before
planting.
3
ANOVA F-test; ** and NS indicates significant at PR>F=0.01, or not
significant, respectively.
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Influence of Pruning on Branching and Growth of
Daphne caucasica ‘Summer Ice’
Sven E. Svenson, Alison Henderson & Kathy Sanford
North Willamette Research & Extension Cntr, Oregon State University
15210 NE Miley Road, Aurora, OR 97002-9543
Index words: daphne, pruning, branching
Nature of Work: Daphne caucasica ‘Summer Ice’ is a natural sport
selected by Dr. Robert L. Ticknor at the North Willamette Research and
Extension Center in 1992. ‘Summer Ice’ has marginally variegated
foliage, flowers steadily throughout the growing season, and is otherwise
similar to the species in growth rate, form and habit. The clone is now
available from licensed growers. As large plants are just becoming
available, the response of ‘Summer Ice’ to hard pruning was unknown.
The objective of this study was to determine the growth and branching
response of ‘Summer Ice’ Daphne to various types of pruning.

Daphne caucasica ‘Summer Ice’ that had been growing in 1-gal nursery
containers for 24 months were subjected to hard pruning, moderate
pruning, tip pruning or no pruning on 14 April 2000. All plants received
12 g of Osmocote 18-6-12 (18N-2.6P-10K) as a substrate surface
application, and were watered as needed using overhead irrigation.
Plants were growing in an unamended Douglas-fir bark substrate. Shoot
size before and after pruning were recorded. Plant shoots were allowed
to grow until July 19, when shoot size, number of dead plants, and the
number of branches per plant were recorded. Data was checked for
normality and homogeneity, and then analysis proceeded with ANOVA
using the LSD procedure for mean comparisons.
Results and Discussion: None of the plants died during this study.
Plants randomly assigned to all pruning treatments did not differ in shoot
size before pruning (Table 1). Hard pruning and moderate pruning
reduced the after-pruning shoot size by 63% and 46%, respectively,
compared to unpruned plants. Tip removal did not significantly influence
shoot size. After pruning, plants given a hard or moderate pruning were
usually unbranched, with only a single main stem remaining. Hard
pruning and moderate pruning reduce final shoot size by 39% and 27%,
respectively, compared to unpruned plants. Again, tip removal did not
significantly influence shoot size. The number of branches for hard or
moderately pruned plants was similar, and both were about 12% less
than the tip removal or no pruning treatments.
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Significance to Industry: Daphne caucasica ‘Summer Ice’ can be pruned
to a single stem with little risk of killing the plants. Tip removal did not
significantly increase the number of branches per plant, suggesting that a
light pruning may be required to increase branching. Severely pruned
plants produced a compact, well-branched plant in about 3 months during
the spring growing season.
Acknowledgements: The authors thank Thirza Collins, Julianna
Buckelew and Jay Paxson for technical assistance with this research.

Table 1. Influence of pruning on growth and branching of Daphne
caucasica ‘Summer Ice.’
Number of
Pruning Treatment
Shoot Size1
branches
Initial
No pruning
Hard pruning
Moderate pruning
Tip Removal

45.8 a2
46.3 a
47.3 a
45.7 a

After Prune

Final

45.8 a
16.8 c
24.8 b
43.1 a

52.2 a
31.9 c
38.1 b
51.6 a

1

14.5 a
12.8 b
12.8 b
15.1 a

Shoot size computed as [(width1+width2/2)+height]/2.
Means in columns for the same days after treatment and followed by the
same letter are not significantly different; mean separation using LSD (5%).

2
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Evaluation of Three Controlled-Release Nitrogen
Fertilizers for Short-Term Greenhouse Crop Production
Eugene K. Blythe, Jeff L. Sibley, Joshua L. Mayfield, Barrett C. Wilson,
& Edgar L. Vinson III
Department of Horticulture, Auburn University, Auburn, AL 36849
Index Words: Controlled-release fertilizer, nitrogen fertilizer, Begonia, Boston
Fern, Euphorbia pulcherrima, Nephrolepis exaltata, Poinsettia, Ficus benjamina.
Nature of Work: Controlled-release fertilizers (CRFs) are used most
often on high-return horticultural crops, such as ornamentals and
turfgrass, where their higher cost in comparison to more soluble sources
is more readily justified. Crops produced using CRFs have shown
comparable or better results in comparison to liquid fertilization (5). For
example, Boston fern (Nephrolepsis exaltata cv. ‘Bostoniensis’) can be
successfully grown with either a controlled-release encapsulated fertilizer
or conventional liquid fertilization (3, 4). Poinsettias may also be grown
successfully using a controlled-release nitrogen source either alone (2)
or in combination with a soluble fertilizer source (9). In bedding plant
production, some growers use CRFs mixed with the growing substrate
in conjunction with a liquid fertilizer program (6). The rate of nitrogen
leaching from growing substrates into which a CRF has been incorporated
can vary from one material to another (7).
The pour-through method, or Virginia Tech Extraction Method (VTEM),
is a useful technique with both research and nursery production
applications for collection of leachate and measurement of pH and
soluble salts (8). Leachates collected from the pour-through method
may also be used for analysis of individual fertilizer elements (1). General
guidelines suggest that pH of the leachates may be optimal between 5.2
and 6.2, while soluble salts should be from less than 500µS/cm to no
more than 2000µS/cm, depending upon the crop and method of
fertilization. Guidelines for nitrogen recommend levels of 50 to 100ppm
NO3-N and 50ppm NH4-N for outdoor nursery production, while levels
of major elements for greenhouse production are generally lower.
The objectives of this study were to compare three selected CRFs
applied at two different nitrogen rates for effects i) on the growth of four
common greenhouse crops and ii) on the nitrogen level of leachates
under managed irrigation conditions as an indicator of nitrogen release.
Liners of Begonia x semperflorens-cultorum cv. ‘Brandy’, Euphorbia
pulcherrima cv. ‘Freedom Red’ (Poinsettia), Ficus benjamina, and
Nephrolepis exaltata cv. ‘Bostoniensis’ (Boston Fern), were potted into
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trade-gallon pots on October 2, 2000, and grown for eight weeks under
production conditions in a polyethylene-covered greenhouse at the
Paterson Greenhouse Complex, Auburn University, Auburn, AL. The
growing substrate was a 3:2:1 (v:v:v) pine bark:perlite:sand ratio
amended with 1.5 pounds per cubic yard Micromax (The Scotts Company,
Marysville, OH) and 5 pounds per cubic yard dolomitic limestone. Air
temperatures were maintained at a minimum of 70˚F and a maximum of
80˚F. Plants were irrigated daily with 20 fluid ounces of non-fortified tap
water using individual drip emitters.
Controlled-release nitrogen was incorporated into the growing substrate
prior to planting as either Mini Polymer Coated Urea (MPCU) 41-0-0
(Harrell’s Inc., Lakeland, FL), Trikote 42-0-0 polymer-coated sulfur-coated
urea (Pursell Technologies Inc., Sylacauga, AL), or Regalite Nitroform (RN)
38-0-0 (Regal Chemical Company, Alpharetta, GA), each at a low and
high rate, providing total nitrogen of 1.5 or 2.5 pounds per cubic yard,
respectively. Polyon 0-0-46 polymer-coated sulfate of potash was also
incorporated into the growing substrate prior to planting at either a low or
high rate (2.17 or 3.64 pounds per cubic yard), corresponding to the low
and high nitrogen rates based on a 3:1:2: NPK ratio. Triple Superphosphate
0-46-0 was added to the growing substrate as a topdressing immediately
after planting at either a low or high rate (0.55 or 0.90 pounds per cubic
yard), corresponding to the low and high nitrogen rates, and again after
three and six weeks at one-third the initial rate.
Leachate was collected from one replicate of each species and treatment
beginning immediately after potting and thereafter for eight weeks for
determination of pH and soluble salts using a YSI Model 63 pH/
conductivity/temperature meter (YSI Incorporated, Yellow Springs, Ohio).
The leachate was obtained by irrigating each plant with 5 fluid ounces of
deionized water approximately two hours after the soil had been brought to
container capacity by normal irrigation. Leachate samples were collected
from a different replicate weekly from October 4 through November 30.
Data from each treatment was averaged among the four species.
Leachate samples were frozen for later determination of nitrate and
ammonium levels by microscale batch technique and colorimetry (10).
Growth of the four crops was evaluated by comparison of overall plant size
and by determination of fresh and dry weights through the harvesting of
plant parts above the soil surface 40 and 57 days after planting (DAP).
Results and Discussion: pH. Fertilizer type and rate affected the pH of
the leachates during the first four weeks of the trial, but not during the
final four weeks. In general, the pH of the leachates rose quickly during the
first two weeks, and then declined or remained stable as they approached
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the pH of the irrigation water (pH 6.5) by the eighth week. Trikote at low
and high rates was associated with a pH that was higher than one or
both of the other nitrogen fertilizers for the first five weeks. No adverse
pH levels were noted with any of the treatments.

Soluble Salts. Elevated soluble salt levels indicted a quick release of
nutrients during the first week. Fertilizer type and rate continued to show
effects during much of the first three weeks, but not at all from the fourth
through the eighth week. Low and high rates of Trikote were associated
with significantly higher soluble salt readings in comparison to the other
treatments during the second week, and at a high rate during the third
week. None of the treatments exhibited excessive levels of soluble salts
during the trial. Soluble salt levels from all treatments remained at a low
level from the fourth through the eighth week.
Ammonium. Nitrogen fertilizer rate and type affected ammonium levels in
the leachates during the first three weeks and periodically during the last
five weeks (Table 1). Ammonium levels in the leachates from the low and
high levels of Trikote increased during the first two weeks, then diminished
until absent by the eighth week. Ammonium levels in the treatment with a
low rate of MPCU remained low throughout the trial, while increasing at the
high rate during the first two weeks (to a lesser extent than the Trikote),
and then decreased. Ammonium levels decreased from the outset of the
trial with both rates of RN and were generally very low from the fourth
through the eighth week. Among the three nitrogen fertilizers, Trikote
produced significantly higher levels of ammonium in the leachates during
the first three weeks at the high rate and the first two weeks at the low
rate. No phytotoxicity was noted with the high levels of ammonium with the
high rate of Trikote. Generally, ammonium levels suitable for production
purposes were provided for the duration of the trial by the low and high
rates of Trikote and by the high rate of Mini Polymer Coated Urea.
Nitrate. The effects of nitrogen fertilizer type and rate on nitrate levels in the
leachates were variable during the trial (Table 2). In general, MPCU and
Trikote maintained adequate levels of nitrate for plant production for most or
all of the trial, while levels with RN had mostly disappeared beyond the third
week. Nitrate levels from all treatments were low by the eighth week.
Growth and Color. At low nitrogen fertilizer rates, plant growth of Begonia
was greatest with Trikote followed by MPCU and lowest with RN 40 DAP.
Begonia showed no differences in growth among the three nitrogen
fertilizers or rates 57 DAP. Poinsettia exhibited more growth with low rates
of MPCU and Trikote than with RN 40 DAP. There were no differences at
the high rate or 57 DAP with Poinsettia. There were no differences in
growth of Boston Fern or with Ficus benjamina among the treatments 40 or
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57 DAP. In general, no visual signs of nutrient deficiency were apparent
with any of the plants during the eight weeks of the trial. Plants with
Trikote as their nitrogen source appeared somewhat greener than with
other treatments.
Significance to the Industry: Trikote at the low rate appeared to be the
most suitable of the six nitrogen fertilizer treatments tested for the
production of the four crops under greenhouse production conditions,
although its application to production may be limited to short term crops.
RN appeared to be the least suitable of the three products tested as
most of its nitrogen was released early in the trial. None of the N-fertilizers
tested would be recommended for production cycles of greater than eight
weeks. Other controlled-release products with extended release characteristics
would likely be more suitable for crops with longer production cycles.
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Table 1. Effect of controlled-release nitrogen (CRN) fertilizer type and
rate on ammonium levels in container leachate.

Table 2. Effect of controlled-release nitrogen (CRN) fertilizer type and
rate on nitrate levels in container leachate.
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Plant Growth and Colonization Effects of the Mycorrhizal
Fungus Glomus intraradicies in a Commercial Nursery
Container Production System
F.T. Davies, Jr., J.A. Saraiva Grossi, L. Carpio, and A.A. Estrada-Luna
Department of Horticultural Sciences, Texas A&M University,
College Station, TX 77843-2133.
Index words: Arbuscular mycorrhiza, colonization, fertility, plant growth
Nature of Work: We conducted research to demonstrate that mycorrhiza
can survive in a commercial nursery container production system, and
enhance plant productivity. Four species were used as host plants [Nandina
domestica ‘Moon Bay’, Loropetalum chinense variety Rubrum
‘Hinepurpleleaf’ Plumb delight®, Salvia gregii, and Photinia fraseri]. Plants
were inoculated with arbuscular mycorrhizal fungi, Glomus intraradices, and
grown in a commercial nursery in Texas. For the first 5.5 months, plants
were grown in #1 cans containing either 3 kg cu m (5 lbs cu yd) or 4.2 kg cu
m (7 lbs cu yd) 24N-4P205-8K20. For the final 6.5 months of the study, plants
were in larger containers, all of which contained 4.2 kg cu m (7 lbs cu yd )
24N-4P2O5-8K2O. The commercial inoculum of Glomus intraradices only
enhanced growth of N. domestica. The shoot dry mass of mycorrhizal N.
domestica plants at 5 lbs. cu yd was the same as non-colonized plants at
the higher fertility level of 7 lbs. cu yd. Intraradical hyphae development and
colonization (total arbuscules, vesicles/endospores, hyphae) of L.
chinense, N. domestica, and S. gregii increased at the higher fertility levels.
S. gregii had the greatest mycorrhizal development and a 216% increase in
hyphae development and colonization at the higher fertility level.
New nursery production systems are being developed that emphasize the
use of slow-release fertilizers, minimize the use of pesticides and soluble
herbicides, and more efficiently utilize water. As a Best Management
Practice (BMP) [Yeager et al., 1997], utilizing arbuscular mycorrhizal fungi
(AMF) technology can potentially impact nursery production systems in
many ways. In general AMF enhance plant water and nutrient relations and
help minimize environmental stress. Mycorrhizal associations can also
increase drought resistance, nutrient relations and temperature stress
tolerance of herbaceous and woody plant species (Davies, et al., 1987,
1993 & 1996; Henderson and Davies, 1990; Newman and Davies, 1988).
AMF can also increase plant resistance to pathogens (Pfleger and
Linderman, 1994), and improve transplant survivability under severe
outplanting conditions such as strip mine and highway revegetation sites
(Davies and Call, 1990).
Results and Discussion: This study demonstrates that AMF can survive
in a commercial container nursery. Among the four plant species, AMF
colonization either increased or was not depressed at the higher fertility
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rates. With L. chinense, N. domestica and S. gregii, intraradical hyphae
development and colonization (total arbuscules, vesicles/endospores,
hyphae) increased at the higher fertility levels. The greatest increase
occurred with S. gregii, which had a 216% increase in hyphae development
and colonization at the higher fertility level. Arbuscules were only detected
in root samples of N. domestica and S. gregii.
The commercial inoculum of Glomus intraradices (AMF) had no significant
effect on the growth of P. fraseri, L. chinense or S. gregii. Only AMF colonized
Nandina domestica ‘Moon Bay’ had growth enhancement. AMF increased the
shoot DM and root/shoot ratio at both fertilizer levels: 5 lbs. cu yd and 7
lbs. cu yd of Osmocote 24N-4P2O5-8K2O. AMF also enhanced the root
DM at 5 lbs. cu yd. The shoot DM of AMF plants at 5 lbs. cu yd was the
same as non-colonized plants (Non-AMF) at 7 lbs. cu yd.
For the first 5.5 months of our nursery study, plants were placed on fertility
regimes of either: 5 lbs. cu yd or 7 lbs. cu yd Osmocote 24N-4P205-8K20
formulation, both of which were preincorporated with a trace element
formulation, Micromax at 1.5 lbs. cu yd, and 4.5 lbs. cu yd of dolomitic
limestone. For the remaining 6.5 months, plants from all treatments were
transplanted into larger containers that had the higher fertility level:
Osmocote 24N-4P2O5-8K2O at 7 lbs. cu yd, amended with a trace element
formulation, Micromax at 1.5 lbs. cu yd, and 4.5 lbs. cu yd of dolomitic
limestone. Since all treatments were exposed to the same fertility levels
during the final 6.5 months of the experiment, this most likely minimized any
fertility differences than if the same moderate to moderately-high fertility
regimes had been maintained throughout the duration of the experiment.
However, it was our intent to maintain commercially acceptable plant
growth rates. Nonetheless, there was still significant fertility growth effects
with N. domestica and the shoot growth of S. gregii. At the commercial
nursery where this study was conducted, 7 lbs. cu yd. Osmocote 24N4P205-8K20 is commonly used, although fertility regimes will vary with plant
materials. It is important to document which plants will colonize at moderate
to moderately-high fertility levels. While AMF enhancement of growth may
be more dramatic at low fertility, it is necessary that a commercial crop be
produced as quickly as possible to obtain a marketable size.
Significance to the Industry: There are excellent opportunities to
incorporate arbuscular mycorrhizal (AMF) in nursery production systems
that help reduce fertility and pesticide usage, and enhance crop vigor,
productivity, and plant survival rates during transplanting to field conditions.
This study demonstrates that AMF can survive in a commercial nursery
production system. Moderately higher fertility levels stimulated AMF by
increasing intraradical hyphae development and total colonization (total
arbuscules, vesicles/endospores, hyphae) in three of the four plant
species utilized: Loropetalum chinense, Nandina domestica, and Salvia
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gregii. AMF enhancement of plant growth was greatest with the shrub, N.
domestica, which had one of the higher arbuscule levels and was
intermediate in overall colonization.
It is important to rethink that the main benefits of AMF are solely producing
larger plants or increasing phosphorus uptake. In a commercial nursery
where fertility is generally not a limiting factor, AMF growth differences are
frequently more minimal as our study shows. However, during commercial
production, if there is less plant stress [i.e., greater resistance to high temperature (Newman and Davies, 1988)] that occurs because of AMF colonization,
which subsequently helps reduce the usage of pesticides and fungicides —
then producers can gain in environmental and economic savings.
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Container Volume and Substrate Composition Affect
Production of Container-Grown Helenium amarum
Michael A. Arnold
Dept. of Horticultural Sciences, Texas A&M University,
Mail Stop 2133, College Station, TX 77843-2133
Index Words: Bedding plants, bitterweed, Texas gold star daisy, seasonal
color.
Nature of Work: Helenium amarum (C. Rafinesque-Schmalz) H. Rock
is an annual wildflower native to the eastern USA (2, 4). Plants occur on
disturbed waste sites, along railroad tracks, roadsides, and in heavily
grazed pastures (4). While often known to ranchers as bitterweed, the
name Texas gold star more aptly describes the pretty yellow composite
flowers of this species. Helenium amarum varies in growth habit from a 6
in (15 cm) tall spreading mound to an upright oval crown 24" (60 cm) tall
(1, 2, 4). Early growth is in a rosette form. Mature foliage is bright
green, highly dissected and attractive (2). Profusely borne yellow single
daisy-like flowers occur from spring to frost, peaking in late summer and
fall (2). The species can survive intense drought and heat and can be
mown to within a few inches of the ground and still bloom (2). Despite a
several ornamental characteristics and some use in native gardens (3),
little information is available on the adaptability of this species to
conventional greenhouse or nursery production systems (1).
Experiments sponsored by grants from the Texas A&M University Faculty
Minigrant Program and the Texas Ornamental Enhancement Endowment
were conducted to explore the potential for use of Helenium amarum as
a bedding plant in Texas. Production responses were tested in 1208
(0.06 L), 606 (0.13 L), and jumbo 606 (0.16 L) cell packs, and in 4" (0.51
L) containers in the greenhouse during summer 1998, then seedlings
were transplanted to landscape beds and monitored through fall 1998.
These plants were grown in containers in a peat based substrate (sunshine
mix #2) for 30 days following transplanting from germination flats. Plants
were also grown in an outdoor nursery in larger #1 (2.3 L) black plastic
containers to test responses to pine bark and peat based substrates and
the species’ potential for use as a larger size summer replacement
annual. Seedlings were grown in containers filled with a 4 pine bark : 1
coarse builders sand (by vol.) or in sunshine mix #2 amended with 5.9
kg/m3 (10 lb/yd3) 16N-3.1P-10.0K controlled release fertilizer (Scotts
Corp., Marysville, OH), 2.4 kg/m3 (4lb/yd3) dolomitic limestone (Vulcan
Materials Co., Tarrant, AL), 2.4 kg/m3 (4 (lb/yd3) gypsum (Standard
Gypsum Corp., Fredericksburg, TX), and 0.89 kg/m3 (1.5 lb/yd3)
Micromax micronutrient mix (Scotts Corp.).
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Results and Discussion: Seedling dry mass increased dramatically with
increasing container volume (Fig. 1). Although both root and shoot mass
increased with greater container volumes, the bulk of the dry mass increase
was due to shoot tissue (Fig. 1). Seedlings from 4" (0.51 L) containers
were more effective throughout the growing season in the landscape than
seedlings from 1208 (0.06 L) containers (Fig. 2). Seedlings grown in the
606 (0.13 L) or jumbo 606 (0.16 L) containers were intermediate in size.
Interestingly, the relative advantages of larger volume container stock was
retained throughout the effective growing season in the landscape (Fig. 2),
providing data on aesthetics to support recommendations to consumers of
larger color plants over the more economically priced smaller sizes. Similar
results have been reported for pansies (Viola x wittrockiana Gams) and
petunias (Petunia x hybrida Hort. Vilmorin-Andrieux) (3).
Seedlings grown in #1 (2.3 L) containers with a pine bark substrate were
larger, flowered more rapidly, and reach a marketable size in a shorter
time than seedlings grown in a peat moss based substrate (Table 1).
These data would suggest that Helenium amarum is well adapted to
conventional nursery production of summer replacement color using pine
bark substrates, which are generally less costly than are peat moss
based substrates.
Significance to Industry: Helenium amarum can be produced in
conventional greenhouse and nursery production systems, but appears
to perform more favorably in a loose well drained pine bark substrate
than a peat moss substrate. Data from this study also supports the
argument for marketing larger size, higher dollar value, container stock to
consumers over lower priced six-pack type container plants.
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Table 1. Root, shoot, and total plant dry mass of Helenium amarum seedlings
grown in 1# (2.3 L) black plastic nursery containers.

Dry mass

Substrate

Height

Root

Shoot

Ratio

Flowers

(cm)

(g)

(g)

(g/g)

(no. / plant)

Growth
index

Marketable
plants

(cm3) (no. out of 12)

Bark: sand 11.3 a

2.33 a 4.27 a

0.55 b

11.0 a

3,751 a

9a

Peat moss 9.5 a

2.06 a 1.57 b

1.70 a

4.1 b

1,311 b

0b

Means within a column followed by the same letter are not significantly different from
each other at an alpha level of 0.05, n = 12.
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Changes in Physical Properties of Peat, Bark, and
Compost-formulated Media after Foliage Plant
Production
Y. Huang, J. Chen, C. A. Robinson, and R. D. Caldwell
University of Florida, IFAS
Mid-Florida Research and Education Center
2725 Binion Road, Apopka, FL 32703
Nature of Work: Composts have been used as components of potting
media to grow a wide range of ornamentals including bedding, landscape,
and tropical foliage plants. Prior to the use of compost-formulated media,
physical and chemical properties must be tested to be certain that the
properties are within desired ranges for plant production. However,
relatively limited information is available on the change in physical and
chemical properties after plants are produced. The objectives of this
study were to (1) investigate changes in physical properties of peat, bark,
and compost-formulated media before and after plant production and (2)
to determine if physical properties initially considered appropriate for
plant growth were deteriorated after production.
Three composts: (1) MSW/BS, two parts municipal solid waste mixed with
one part biosolids based on weight, (2) YT, yard trimmings, and (3) YT/BS,
three parts YT mixed with two parts BS based on weight; sphagnum peat
(SP), and pine bark (PB) were used to formulate the five media: (1) UF-2
potting mix: 50% SP+50% PB as a control, (2) 25% SP+25% PB+50%
MSW/BS, (3) 25% SP+25% PB+50% YT, (4) 25% SP+25% PB+50% YT/
BS, and (5) 20% SP+20% PB+20% MSW/BS+20% YT+20% YT/BS.
Physical properties, including bulk density, air space, moisture content,
container capacity, and total porosity, of the five media were measured
using the Australian Standard Method (Standards Australia, 1989). The
media were then used to fill 15.1-cm (6-inch) pots, after which liners of
Parlor Palm (Chamaedorea elegans), Corn Plant (Dracaena fragrans
‘Massangeana’), and canes of Dracaena fragrans were transplanted (six
plants per pot for Chamaedorea elegans and single plant per pot for both
Dracaena). Plants were fertilized with a Scotts’ controlled released
fertilizer 18.0N-2.6P-10K (18-6-120) at 5 g per pot twice with a 6-month
interval. The experiment was set up as a completely randomized design
with nine replications. One year after potting, plants reached marketable
sizes. Media samples were obtained from each treatment by shaking
root balls and physical properties of the samples were measured.
Results and Discussion: Bulk density. The bulk density of media initially
ranged from 0.13 to 0.31 g/cm3. One year after production, bulk density
significantly increased in media 1, 2, 3, and 5 where only Dracaena
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fragrans ‘Massangeana’ produced. Bulk density also decreased in
Chamaedorea elegans grown media 2 and 4. The changes, however, were
within the recommended ranges for potted plant growth (0.12-1.3 g/cm3).
Air porosity. All compost-formulated media had lower air porosity than
that of the control medium. Air porosity is generally believed to decline
over the production time. However, in both Chamaedorea elegans and
cane of Dracaena fragrans grown media, air porosity increased significantly
after one year of production. Air porosity in Dracaena fragrans
‘Massangeana’ grown media 3 and 4 also increased.
Moisture content. The control medium had the highest moisture content
among the media evaluated. Moisture content significantly reduced in all
media where Dracaena fragrans ‘Massangeana’ was grown. There was
also a reduction in media 2, 4, and 5 in which Dracaena fragrans cane
produced.
Container capacity. Container capacity is the maximum amount of water
media can hold. There was no significant change in container capacity in
media 2 and 5, but changes occurred in media 1, 3, and 4.
Total porosity. The total porosity is the sum of air-filled macropores and
water-filled micropores in a saturated substrate. There was no significant
change in total porosity in medium 5. Total porosity increased in media
1, 2, and 4, and also medium 3 where only Dracaena fragrans
‘Massangeana’ produced. Regardless of these changes, all media total
porosity was well within the optimum range (60-75%) for growing plants.
Significance to Industry: The results show that physical properties were
changed after one year of foliage plant production. The changes appear
to relate to plant species and media components where it grows. However,
all the changes did not lead to the deterioration of media quality.
______________________________
Florida Agricultural Experiment Station Journal Series No. N-02128
Literature Cited:
1. Standards Australia. 1989. Australian Standards-Potting Mixes.
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Table 1. Changes in physical properties of bark, peat and compostformulated media before and after the production of foliage plants.

Property

Medium No.z
______________________________________________
Timey
1
2
3
4
5

Bulk
density
(g/cm3)

Initial
0.13b 0.20b 0.31b 0.28a 0.30b
1 yr (CE)
0.13b 0.16c 0.33b 0.21b 0.31b
1 yr (DC)
0.12b 0.21b 0.31b 0.29a 0.33b
1 yr (DM)
0.19a 0.32a 0.38a 0.32a 0.39a
————————————————————————————————
Air
Initial
18.3b 9.2c
10.2c 10.1b 10.9b
space
1 yr (CE)
25.3a 22.2ab 13.5bc 19.3a 24.0a
(%)
1 yr (DC)
28.7a 28.1a 21.5a 24.2a 19.6a
1 yr (DM)
17.6b 15.7bc 17.8ab 18.3a 12.6b
————————————————————————————————
Moisture
Initial
78.9a 70.8b 65.7a 66.1b 65.5a
content
1 yr (CE)
81.2a 75.8a 61.6a 73.2a 61.6ab
(%)
1 yr (DC)
79.9a 67.7c 62.0a 60.9c 57.3b
1 yr (DM)
72.9b 62.5d 56.0b 61.8c 59.0b
——————————————————————-——————————
Container
Initial
48.4bc 48.4a 57.7a 53.3ab 57.2a
capacity
1 yr (CE)
54.7a 50.7a 53.7ab 56.7a 49.5a
(%)
1 yr (DC)
46.1c 44.5a 50.5b 45.3c 50.8a
1 yr (DM)
51.3ab 53.1a 48.8b 50.9b 55.5a
————————————————————————————————
Total
Initial
66.7cx 57.6b 67.9b 63.4b 68.2a
porosity
1 yr (CE)
79.9a 72.8a 67.1b 75.9a 73.5a
(%)
1 yr (DC)
74.8ab 72.6a 72.0a 69.5ab 70.3a
1 yr (DM)
68.8bc 68.8ab 66.5b 69.2ab 68.1a
z

Potting medium No. (1) 50% SP+50% PB, (2) 25% SP+25% PB+50%
MSW/BS, (3) 25% SP+25% PB+50% YT, (4) 25% SP+25% PB+50% YT/
BS, and (5) 20% SP+20% PB+20% MSW/BS+20% YTs+20% YT/BS.
y

Time: Initial physical properties of potting media, and one year after
plants (CE = Chamaedorea elegans, DC = cane of Dracaena fragrans,
and DM = Dracaena fragrans ‘Massangeana’) were grown in the media.
x

Means within the same column of each property by the same letter are
not significantly different by LSD (p ≤ 0.05).
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Container Production of Camellia oleifera
as Influenced by Light Level
John M. Ruter
University of Georgia, Dept. of Horticulture, Tifton, GA 31793
Index words: chlorophyll fluorescence, shading, tea oil camellia
Nature of Work: The tea oil camellia, Camellia oleifera Abel., is used
extensively in the orient for cooking oil, inks, lubricants, and cosmetics.
After the oil has been extracted from the seed the remaining seed cake
can be used for animal feed, fertilizer, and development of natural
pesticides. Commercial production in China has decreased dramatically
in the last ten years while demand has increased. While tea oil has been
produced in China since 1949, no production is known to have occurred
in the United States. With loss of traditional agricultural commodities and
low prices, growers are looking for alternative crops. I have initiated a
research program to develop Camellia oleifera as a commercial oilseed
crop in the southeastern United States. The objective of this study was to
determine 1) which levels of light exclusion were best for the production of
container-grown Camellia oleifera, and 2) to determine if photoinhibition
had an influence on photosynthetic processes under different conditions.
Seed of Camellia oleifera PI 162475 was obtained from the U.S. National
Arboretum in Washington D.C. in fall of 1999 and germinated. Treatments
in this study consisted of 1) full sun, 2) 30% light exclusion under woven
shade cloth, and 3) 55% light exclusion under woven shade cloth. Plants
were grown in #1 (3.8 liter) containers with a pine bark:sand (8:1 v/v)
substrate amended with 2.0 lb yd-3 (1.2 kg m-3) dolomitic limestone and 1.5
lb yd-3 (0.9 kg m-3) Micromax micronutrients (The Scotts Company,
Marysville, OH). Individual plants were topdressed with 1.1 oz (30 g) of
Osmocote Plus 15.0-4.0-9.9 (8-9 month Southern formula, The Scotts
Company) at the initiation of the study in April 2000. Dark-acclimated (~30 min.)
chlorophyll fluorescence measurements were made at room temperature in
July using an OS-500 modulated fluorometer (Opti-Sciences, Tyngsboro,
MA). At the termination of the study in November 2000 final plant height,
number of shoots, and length of each shoot was measured. Leaf, stem, and
root dry mass and were determined after drying at 150 F (66 C) for 48 hr. Leaf
area was measured using a LI-3000 leaf area meter (LI-COR, Inc., Lincoln, NE).
Specific leaf area was calculated as leaf area per unit leaf dry mass.
Results and Discussion: Final plant height, leaf, stem, root and plant
dry mass, root:shoot ratio, leaf area, specific leaf area, and shoot length
all showed quadratic responses to production light levels. Growth was
greater for plants grown under 30% light exclusion compared to plants
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produced in full sun. Plant growth at 55% light exclusion was generally
intermediate between plants grown in full sun and 30% light exclusion.
Dark-acclimated chlorophyll fluorescence measurements (Fv /Fm) made in
July (range 0.77 to 0.78) indicated that photoinhibition was not a problem
for plants produced in full sun.
Significance to Industry: Container-grown plants of Camellia oleifera
can be produced without shading in south Georgia, although optimal
growth occurred under 30% light exclusion. It remains to be seen whether
plants produced under 30% light exclusion would perform better once
transplanted into a field production setting or if photoinhibition during the
winter would be a problem for plants grown under light exclusion when
placed in full sun conditions. Work is ongoing in an attempt to refine
container production standards for this new crop. Germplasm from four
different sources has been planted at the Bamboo Farm and Coastal
Gardens in Savannah, GA to make improved selections and to see how
the crop performs in the southeast.
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Physical Properties of Substrates Evaluated During
Educational Programs in Hillsborough County Florida
Tom Yeager
Dept. of Environmental Horticulture, University of Florida
Gainesville, Florida 32611
Roger Newton*
Hillsborough County Extension, University of Florida
Seffner, Florida 33584
Index words: air space, water holding capacity
Nature of Work: Physical properties of container substrates are
important factors to consider for irrigation management. For example,
water-holding capacity of substrates dictate how much water is potentially
available for crop use while the aeration after drainage should be
sufficient to promote adequate root growth. Water holding capacity is
that portion of applied water retained by the substrate immediately
following drainage while air space is the volume of air in container
immediately following drainage.
Plant available and unavailable water comprises the water holding
capacity of the substrate. Water available to the plant is dependent upon
several factors, including distribution of substrate particle sizes and ratio
of substrate components. However, a low profile container will contain
more total water (quarts) than a container of equal volume with smaller
diameter. Suggested water holding capacity and air space as a percentage
of container volume are given in Best Management Practices Guide for
Producing Container Grown Plants (3).
In 1999 and 2000, four irrigation management workshops were conducted
in Hillsborough County, Florida. Participants of the workshops volunteered
to determine their substrate physical properties. Most substrates were
prepared commercially and purchased by the nurseries. The following
procedure adopted from R. C. Beeson, Jr. (2) and the Australian
Standards (1) was used to determine substrate air space as a percentage of container volume.
Air Space Procedure. Glue a PVC cap to a length of 3-inch diameter
PVC pipe so height of pipe and cap is equal to depth of substrate in
container, then determine the total volume of assembly (cap and pipe).
Flatten the cap so the assembly will stand upright. Drill four 0.25-inch
holes in the bottom of the cap, with one in the center. Loosely, place a 3inch diameter PVC coupling with 4.5-inch long pipe extension on top of
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assembly and fill with moist sample of substrate. Drop the assembly
twice from 3 inches. Refill after the second drop but do not pack.
Place the assembly in water so that the top of the coupling is at the
surface of the water. Three hours later, remove from water and drain for
five minutes. Remove coupling with pipe extension and level substrate to
the top of the pipe attached to cap. Cover substrate with a cloth held in
place with a rubber band. Submerge for 10 minutes, lift, drain, and
submerge again. After 30 minutes, lift the assembly with fingers covering
the holes in the cap, let water drain from your hands, and place the
assembly above a pan for 10 minutes to allow drainage. Divide drainage
volume by total volume of the assembly to calculate the percent aeration.
Drained volume (ml) x 100
Assembly volume (ml)

= % Air Space

Available water holding capacity is calculated from the difference in
weight of wet substrate after drainage and air-dry substrate weight,
assuming air-dry substrate weight is the point where plants would remain
wilted overnight, but would recover if watered.
Wet substrate wt (g) – air dry substrate wt (g) x 100 = % Available
Assembly volume (ml = gram)
Water
In most cases, 1 to 8 samples were evaluated for each substrate. The
purpose of this report is to present a summary of physical properties for
the substrates evaluated, thus emphasizing the need for nurseries to
conduct substrate physical property evaluations.
Results and Discussion: From Table 1, it is evident that large differences
in air space (5-31%) and available water holding capacities (27-47%)
exist between substrates. Available water holding capacity tended to
decrease as proportion of pine bark increased in the substrate. This
means that nursery operators need to monitor irrigation amounts in
order to ensure excess water does not leave the substrate. It is also
evident that two substrates with the same ratio of components may have
different physical properties, likely due to different particle sizes.
Significance to Industry: Nursery operators should evaluate their
substrates to determine available water capacity so the amount of
irrigation water applied does not exceed the amount that can be retained
by the container substrate. Hence, this will minimize leaching and
runoff.
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Table 1. Air Space and available water holding capacity for substrates
evaluated during four educational programs in Hillsborough County
Florida, 1999-2000.

Substrate

Air Space (%)

1.0PB:5.0FP:4.0HWC
5.0PB:5.0FP
4.0CC:5.0FP:1.0S
5.0PB:5.0FP
1.0PB:5.0FP:4.0HWC
3.3FP:3.3CP:2.0COMPB:1.5AER
3.3FPB:3.3FP:3.3HWC:HWS
7.0CP:3.0PER
1.0PB:5.0FP:4.0HWC
2.0PB:5.0FP:0.5S:2.5SHAVINGS
2.5CP:2.0FP:3.0AER:2.5COMPB:1.0S
4.5PB:4.5FP:1.0S
6.0PB:4.0FP
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10
13
11
13
8
10
12
5
9
19
19
11
27

Available
Water Holding
Capacity (%)
47
46
45
44
43
42
42
42
41
41
40
40
40
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Substrate
Air Space (%)
6.0PB:4.0FP:1.0S
23
2.5CP:2.0FP:3.0AER:2.5COMPB:1.0S
17
5.0PB:5.0FP:1.5S
26
2.5CP:2.0FP:3.0AER:2.5COMPB:1.0S
16
4.5PB:4.5FP:1.0S
11
6.0PB:4.0FP:1.0S
10
6.0PB:4.0FP:1.0S
13
5.0PB:5.0FP:1.5S
22
5.0PB:5.0FP:1.5S
26
6.0PB:3.0FP:1.0S
11
6.0PB:4.0FP
18
5.5SP:POLYBEADS:VER
22
6.0PB:4.0FP:1.0S
19
9.0PB:1.0S
15
6.0PB:4.0FP:1.0S
19
9.0PB:1.0S
20
6.0PB:3.0FP:1.0S
24
6.0PB:3.0FP:1.0S
27
6.0PB:4.0FP:1.0S
9
6.0PB:4.0FP:1.0S
25
6.0PB:4.0FP:0.5S
20
6.0PB:4.0FP:0.5S
28
6.0PB:3.0FP:1.0C
25
6.0PB:4.0FP:1.0S
13
6.0PB:4.0FP:0.5S
31
10.0PB
23
10.0PB
28
AER = AEROLITE
C = COMPOST
CC = CYPRESS CHIPS
COMPB = COMPOSTED PINE BARK
CP = CANADIAN PEAT
FP = FLORIDA PEAT
FPB = FINE PINE BARK
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Available
Water Holding
Capacity (%)
40
39
39
38
37
37
37
36
36
36
36
34
34
34
33
33
32
32
30
30
30
30
28
28
27
27
27

HWC = HARDWOOD CHIPS
HWS = HARDWOOD SAWDUST
PER = PERLITE
PB = PINE BARK
S = SAND
SP = SPHAGNUM PEAT
VER = VERMICULITE
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Growth of Echinacea purpurea ‘Bravado’ and
Leucothemum x superbum ‘Alaska’
in Coir-amended Pine Bark Media
Gary R. Bachman and Edgar Davis
Tennessee Technological University, School of Agriculture,
Cookeville, Tennessee, 38505
Index Words: Echinacea purpurea ‘Bravado’, Leucothemum x superbum
‘Alaska’, coir, alternative media, herbaceous perennial, plant quality
Nature of Work: There is interest within the nursery and greenhouse
industry to identify alternative organic materials that are suitable for use
as container growing media. Materials that display characteristics similar
to peat generate the greatest interest. Coir dust is amongst these peat
substitutes and is a waste material resulting from the processing of long
fibers from coconut husks. Coir is similar in appearance to peat and has
similar pH, CEC, and water-holding capacity (1, 4). The use of coir in
container media has been reported to produce acceptable germination
and growth media. Germination of Magnolia, Rhamnus, and Callicarpa
were greater in 100% coir media versus coir media amended with perlite/
vermiculite or a commercial peat-based media (2, 3, 5). The objective of
this study was to determine the effects coir has on the quality of two flowering
herbaceous perennials during two phases of container production.
Material and Methods: Plugs of Echinacea purpurea ‘Bravado’ and
Leucothemum x superbum ‘Alaska’ were produced by sowing seed in
128 cell plug trays in Promix BX media. Eight weeks after germination
these plugs were transplanted to 18 cell (8 cm square cells) liner trays
into pine bark, coir, 50/50 pine bark:/coir, or Promix BX on March 4,
2000. Growth was rated on 1 (best)- 5 (worst) scale 30 and 60 DAT.
After 60 DAT, these liners were transplanted in gallon containers (3.8 L)
on May 5, 2000. Half of each liner media group were placed into 100%
pine bark and other half into 50/50 pine bark coir. All treatments were
topdressed with 18g 18-6-12 Osmocote and irrigation was applied using
overhead sprinklers as needed. Growth ratings, as described previously,
were recorded 25 and 45 DAT.
Results and Discussion: Echinacea: There was no difference in
growth rating of liners at 30DAT amongst the four media (Table 1). At
60DAT the Promix BX had the best quality rating and was significantly
better than 100% pine bark. Differences became apparent after transplanting
into full gallon containers. Plants grown in the Promix BX had the best
quality ratings at 25 DAT and 45DAT (Table 2). Coir and coir/pine bark
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were similar and 100% pine bark had the lowest quality at 25 DAT and
coir/pine bark was better than coir and pine bark at 45 DAT. There was
no difference between transplant media at 25 DAT, however at 45 DAT
coir/pine bark had better quality across liner media treatments.

Leucothemum: Liner quality was best with Promix BX, coir, and coir/pine
bark being similar at 30 DAT and 60 DAT (Table 1). Pine bark media was
worst at both rating dates. When transplanted into full gallon containers
each liner media was different from each other with Promix BX being
best at 25 DAT and 45 DAT (Table 2). The coir/pine bark transplant
media produced higher quality plants than 100% pine bark across liner
media treatments.
Significance to the Industry: Based on the results of this experiment,
acceptable plant quality was obtained using coir as either a stand alone or
container media component for the two perennial species studied. More
research is needed to fully ascertain the effects coir has on herbaceous
perennials grown in containers.
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Formulation of Soilless Potting Media. Commun. Soil Sci. Plant Anal.
24:349-363.
2. Knight, P.R., J.M. Anderson, and R.A. Parks. 1997. Growth responses
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3. Laiche, A.J., Jr. 1995. Pine bark growth media amended with coir
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4. Meerow, A. W. 1994. Growth of Two Subtropical Ornamentals Using
Coir (Coconut Mesocarp Pith) as a Peat Substitute. HortScience
29(12):1484-1486.
5. Sprinkles, C. and G. R. Bachman. 1999. “Germination of Woody
Plants Using Coir as a Peat Alternative.” Proc. SNA 44: 362-365.
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Table1. Growth ratings of Leucanthemum x superbum ‘Alaska’ and
Echinacea purpurea ‘Bravado’ (1 = best, 5 = dead) liners 30 and 60 days
after plug transplanting into four different container media.

Leucanthemum x superbum ‘Alaska’

Echinacea purpurea ‘Bravado’

Liner Media

30 DAT

60 DAT

30 DAT

60 DAT

Coir
Coir : Pine Bark
Pine Bark
Promix

1.67 az
1.67 a
4.33 b
1.00 a

1.00 a
1.00 a
4.67 b
1.00 a

3.33 a
2.33 a
3.33 a
1.67 a

2.00 ab
2.00 ab
3.00 b
1.00 a

z

Mean separation within each column by least significant difference (LSD), P=0.05.

Table 2. Growth ratings of Leucanthemum x superbum ‘Alaska’ and
Echinacea purpurea ‘Bravado’ (1 = best, 5 = dead) plant 25 and 45 days
after liner transplant into pine bark or coir : pine bark container media.

Leucanthemum x superbum ‘Alaska’
Liner Media
Coir
Coir : Pine Bark
Pine Bark
Promix

45 DAT
2.0
2.0
2.5
1.0

25 DAT
2.5
2.5
3.0
1.0

45 DAT
2.5
2.0
2.5
1.5

Transplant Media
Pine Bark
1.75
Coir : Pine Bark 2.25

2.0
1.75

2.25
2.25

2.5
1.75

Significancez
Liner Media
**
Transplant Media **
Liner x Transplant **

**
*
**

**
NS
NS

**
**
**

z

25 DAT
1.5
2.5
3.0
1.0

Echinacea purpurea ‘Bravado’

*, **, NS indicate significance at 0.05, 0.01, or nor significant, respectively.
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Spring Growth of Two Woody Ornamentals in Response
to Fall Fertilization Timing
Denita Hadziabdic, Gary R. Bachman and Edgar Davis
Tennessee Technological University, School of Agriculture,
Cookeville, Tennessee, 38505
Index Words: Forsythia x intermedia ‘Lynwood Gold’, Ilex crenata
‘Green Luster’, fall fertilization
Nature of Work: For container-grown plants to achieve optimum growth
proper nutrition must be maintained throughout the crop cycle. One of
the most critical periods nutritionally for container-grown plants is the fall
of the year before the onset of winter. Often the use of 8-9 month
controlled-release fertilizers in the early spring results in sub-optimal
tissue nutrient content by fall. Better understanding of application timing of
supplemental fall fertilization in relation to the onset of cold fall temperature
would be of benefit to achieving desirable plant growth the following spring.
Typically, fertilizers have been incorporated into the medium prior to potting
at transplanting (3). It is reported that adequate N-P-K nutrition must be
maintained (2). Nitrogen applied at 4 lb/100 ft2 in April significantly
increased tissue N resulting in greater leaf retention in three azalea
cultivars. It is established that the level of N in dormant woody plants is
strongly related to bud break and the first flush of spring growth (4). The
level of nitrogen present in dormant leaves of Ilex crenata ‘Convexa’ is
important to effective fertilization, and first flush in the spring (5). Effects
of nutrients other than nitrogen have not been fully determined. The
application of supplemental magnesium in the fall was associated with
increased tissue weight of euonymus in the spring (1). The objective of
this research was to examine of the timing of fall fertilization and
subsequent spring growth on an evergreen and deciduous container-grown
woody ornamentals.
The research project was conducted at the Nursery Research and
Service Center at Tennessee Tech University. Ilex crenata ‘Green Luster’
(evergreen) and Forsythia x intermedia ‘Lynwood Gold’ (deciduous)
liners were transplanted into full gallon (3.8 L) containers in April 1999
into pine bark media. Osmocote 18-6-12 (3 lb N/cu yd) and MicroMax
(1.5 lb/cu yd) were incorporated prior to transplanting.
Fall fertilization treatments included 14-7-7 nursery grade granular fertilizer
(3.5 lb N/ yd3), MgO (6.6 lb/yd3), 0-0-50 (1.75 lb K/yd3), and a untreated
control. Beginning September 23, 1999 fall fertilization treatments were
topdressed evenly over the surface of the pot. Bi-weekly applications
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were made to previously untreated plants and ended on December 2,
1999 resulting in six treatment application dates. Each treatment was
replicated four times with four plants per replicate for each treatment
application date. Media pH and EC was monitored every two weeks
during the fall treatment period using the pour-through leachate method
(not shown). On April 7, 2000, half of each treatment group was
topdressed with 3.5 lb N/yd3 14-7-7 nursery grade granular fertilizer.
All plants were destructively harvested June 1, 2000. Data collected
included fresh and dry tissue weights, pooled tissue N-P-K content, and
growth index. All data was analyzed using analysis of variance
(ANOVA), and if significant by mean separation using least significant
difference (LSD), P=0.05.
Results and Discussion: There were significantly different growth
responses between the two species. Spring growth of Forsythia was
influenced most through nitrogen fertilization. Fall applied nitrogen had
27% and 11% greater fresh and dry shoot weights with the other treatments
being similar. Fresh and dry stem and total tissue weights had similar
greater growth. When nitrogen was applied in the spring prior to flushing,
growth was increased up to 35% regardless of fall fertilization treatment.
Spring growth of Ilex was increased 11% with nitrogen applied in the fall
with the other treatments being similar. There were no significant growth
increases associated with spring applied nitrogen for Ilex crenata ‘Green
Luster’. This may be due to the plants being harvested prior to full
emergence of new growth.
While it not surprising that nitrogen application was associated with the
greatest increases in tissue growth, the results of the application timing
across all fertilization treatments were of interest. Spring growth of
Forsythia was 10% greater with fertilization treatments applied on either
November 4 or 18. Late fall fertilizer application did not have the detrimental of
delaying acclimation to cold temperatures. Spring growth of Ilex was
similar in relation to fall application timing.
Significance to the Industry: The results suggest that for optimizing
spring growth, deciduous species like Forsythia x intermedia ‘Lynwood
Gold’ would benefit from fertilization applied late in the fall while evergreen
species like Ilex crenata ‘Green Luster’ benefit from fall fertilization
regardless of application timing. Spring applied nitrogen provides a nutrition
boost to aid optimum growth over and above fall fertilization strategy.
Thanks to the Tennessee Nursery and Landscape Association for
providing partial funding for this project.
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Growth of Japanese Holly and NO3-N Leaching is Affected
by Controlled-release Fertilizer Application Method
Milisa Harrell, Gary R. Bachman and Edgar Davis
Tennessee Technological University, School of Agriculture,
Cookeville, Tennessee, 38505
Index Words: Ilex crenata ‘Green Luster, controlled-release fertilizer,
application method, NO3-N leaching
Nature of Work: Slow release fertilizers are widely used in woody
ornamental nurseries. However, nutrient release is a concern and
placement influences this nutrient release of controlled-release fertilizers.
Typically these fertilizers have been incorporated into the medium prior
to potting, topdressed at some point in the cycle, or dibbled during the
transplanting stage (Cobb 1984). Incorporation has proven successful in
a wide range of areas, but uniform blending is essential and once
prepared the medium could not be stored for very long due to nutrient
release. Topdressing controlled-release fertilizers is a second choice
utilized by nursery growers. Dibbling, which is placement of the fertilizer
under or next to the liner is a third method that presents no storage or
mixing problems and puts the fertilizer in a moist, protected location
(Cobb, 1984). In early studies researchers have found that topdressing
resulted in increased N and K leachate levels (Meadows, 1984). The
higher initial release rate may be due to direct exposure to sunlight and
temperature and their effect on the plastic coating (Meadows, 1984).
Leachate concentrations were significantly higher for the incorporated
SRF than other application techniques (Meadows, 1983). Incorporation
also reduced phosphorus levels in leachate (Meadows, 1983).
Potassium and phosphorus levels in leachates were significantly
reduced with dibble placement of Osmocote. Leachate pH levels
were also affected by placement of Osmocote. Incorporation lowered
the leachate pH levels. The objective of this experiment was to
examine how application methods and rates of slow-release fertilizer
affect the growth of a woody ornamental plant and NO3-N leaching.
The experiment was conducted at the Nursery Research Services
Center at Tennessee Technological University in Cookeville, Tennessee.
Ilex crenata ‘Green Luster’ liners were transplanted into full gallon (3.8liter) containers using 100% pine bark media. The controlled-release
fertilizer (CRF) Osmocote (18-6-12) was applied at 2 rates, 18g (1.5 lb N/
yd3) and 36g (3.0 lb N/yd3 N) per container, respectively. Application
methods utilized included topdressing (TOP), incorporation (INC) and
dibble (DIB) methods. An unfertilized control was also included and each
treatment was replicated 8 times.
The pine bark media was sampled using the pour-through technique at 7
DAT, 14 DAT, 63 DAT, and 84 DAT. The samples were filtered and
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analyzed for NO3-N using the colorimetric method of Cataldo et al.
(1975). Soluble salts (EC) and pH were also measured (not reported).
Growth index was determined using the (W1 + W2 + H)/3 method. The
plants were destructively harvested and fresh and dry weights were
recorded for leaf and stem tissue. All data was analyzed using analysis
of variance (ANOVA) and if significant at P=0.05 by means separation
using least significant difference (LSD).
Results and discussion: The INC and DIB application methods had
greater NO3-N leaching rates than the TOP method at both the 1.5 and 3.0
lb N rates (Figure 1). These higher release rates were a result of the CRF
being in contact with the moist media while the TOP method went through
drying cycles on the media surface. Release of NO3-N was greatest at 7
DAT and continued to decline over the course of the study and were
below 40 ppm and 20 ppm at 84 DAT for INC and DIB, respectively.
Nitrate-N release for the TOP method was steady at approximately 40
ppm and 120 ppm for 7 and 14 DAT for the 1.5 and 3.0 lb N CRF rates,
respectively, and were similar to the other application methods at the
conclusion of the study. All application methods had greater dry tissue
weight regardless of CRF rate than the control treatment (Figure 2).
There were no differences in dry tissue weight for the DIB and TOP
application treatments regardless of CRF rate. The tissue weight of the
high INC was greater than the low INC and was similar to the other application treatments. Growth index for all application methods and CRF rates
were greater than the control, but similar to each other (Figure 3).
Significance to the Industry: There was no little difference between the
dry weights and the growth index using controlled-release fertilizer applied
using three methods at 1.5 or 3.0 lbs. N/yd3. The 3.0 lb N rate resulted in
increased NO3-N leaching compared to the 1.5 lb N rate. This is a good
example applying higher rates of controlled-release fertilizer do not necessarily
not equate into more growth, but does increase nutrient leaching.
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Isoxaben Degradation in Gravel Substrate
Retention Basins
Gretchen L. Jameson, Melissa B. Riley, and Ted Whitwell
Clemson University, Dept. of Horticulture, Clemson, SC
Index Words: Gallery 75DF, isoxaben, herbicide degradation, irrigation runoff
Nature of Work: Herbicide residues in irrigation runoff water can be a problem
for container nurseries. Nursery personnel often apply granular herbicides
to the crops three or more times per year. Depending upon container
spacing, up to 80% of the granules may miss the target and end up on
the surface of the bed (1). With the use of overhead irrigation, the
herbicides can quickly be transported to containment ponds, surrounding
soils, or even groundwater sources before degradation occurs (2,3). In one
study, oryzalin (a component of Rout herbicide) was detected in runoff water at a
concentration of 4 mg/l just 15 minutes after application at a nursery site (2). In
another study, 20% of the applied isoxaben and 7% of the applied trifluralin
(components of the herbicide Snapshot 2.5 TG) were detected in irrigation water
over a 36-day period (3). Increasingly strict regulations and concerns about
the buildup of chemicals in the environment are forcing industries to find new
methods of water decontamination. There are also concerns that herbicide
residues in recycled nursery water could cause phytotoxicity problems in crops (2).
The objectives of this study were to determine the degradation of the
herbicide isoxaben in gravel retention basins, and to determine if pine
bark (a potential organic component in nursery runoff water) would affect
isoxaben retention in gravel basins. Setup of the experiment was as
follows. Twelve 50-gallon Rubbermaid® troughs with dimensions 52x31x12
in. were buried in a field at Musser Fruit Research Center in Seneca, SC.
They were filled with granite pea gravel to a depth of 10 in. The troughs
were filled with water to a level approximately 1 in. below the gravel
surface, approximately 10 gallons in volume. Holes were drilled into one
end of each trough about 9 in. from the bottom, and short sections of
garden hose were connected to each trough to allow for drainage and
water sampling. There were four treatments with three replications for each
treatment. The treatments included different flow rates and the addition
of aged pine bark in the amount of 1% of the total volume of gravel in each
trough. In May 2000, each trough received 37.8 mg of isoxaben (Gallery
75DF) herbicide suspended in either 2 or 3 1/3 gallons of water. Half of the
troughs received two gallons of water per day, and half received three and
one-third gallons of water per day. The different flow rates resulted in
different retention times for total replacement of the water in each trough.
Addition of 2 gallons per day yielded a retention time of 5 days, while
addition of 3 1/3 gallons yielded a retention time of 3 days. Peters 20-20-20
plus micronutrients fertilizer was added at a concentration of 100 mg/L to
all tanks prior to addition of the herbicide to stimulate microbial growth.
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Water samples were collected immediately after applying the herbicide,
and then every day for 14 days to monitor the rates of degradation.
Runoff from the tanks was collected in 5-gallon buckets and measured to
record total volume. From the runoff, samples were collected in pintsized silanized jars. Isoxaben was extracted by column chromatography
and analyzed with high pressure liquid chromatography (HPLC) (4). The
experiment was conducted again in June 2000; the troughs were dosed
again with the herbicide, and sampling resumed for another 14 days.
Results and Discussion: Isoxaben concentrations were determined by
utilizing an analytical-grade isoxaben as an external standard (20 mg/L)
with 92.5% purity (Dow AgroSciences, Indianapolis, IN). Once the
isoxaben concentration was calculated in a sample, total isoxaben was
determined by multiplying the concentration (mg/L) by the volume of
runoff (L). ANOVA tests for the treatments were conducted using SAS
software, and results are presented in Figure 1 below.

Figure 1. Summary of total isoxaben (mg) in runoff from troughs over 14-day
period in May 2000 (a) and June 2000 (b) experiments. Different letters on the
same day indicate significant difference (a = 0.05).
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This study was conducted twice, in May and June 2000. Both experiments
found higher isoxaben levels in treatments with 3-day water retention times,
suggesting that increased water flow increased the amount of isoxaben
released. Results for the addition of pine bark were mixed. In the 3-day
retention time treatments from the May experiment, pine bark reduced peak
isoxaben discharge by 60% and reduced total isoxaben released during all
sampling days by 53%. In the June experiment, pine bark again reduced
peak discharge levels on day 1 of the 3-day retention time treatments by
45%. There were no differences between the 5-day treatments in either
experiment. The rapid decrease in isoxaben from all treatments in the
June experiment may have been due to an increase in the ability of
microorganisms to degrade isoxaben and increases in temperature
prompting higher metabolic activity or chemical degradation. The
retention time of irrigation runoff and the presence of organic matter in
the retention basins could be extremely important in the reduction of
herbicides from irrigation runoff water.
Significance to Industry: The results of this study indicate that the use
of retention basins may be helpful in reducing herbicides from irrigation
runoff water at container nurseries. Large contained gravel areas at the
ends of nursery beds that could be built to capture runoff water and hold
it for a period time, after which it could be routed to a containment pond.
This would decrease or eliminate the need for expensive remediation
treatments and would reduce the risk of developing phytotoxicity problems
from pesticide buildup in recycled irrigation water.
Literature Cited:
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Environ. Hort. 10:175-176.
2. Keese, R.J., N.D. Camper, T. Whitwell, M.B. Riley, and P.C. Wilson.
1994. Herbicide runoff from ornamental container nurseries. J.
Environ. Qual. 23: 320-324.
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Evaluation of Fall Potting Data and Controlled Release
Fertilizer Rate for
Container Production of Woody Ornamentals
T.L. Harbuck, D.J. Eakes, and J.W. Olive
Auburn University, Department of Horticulture, Auburn, AL 36830
Nature of Work: Nurserymen could benefit by efficiently utilizing labor
for potting during the fall months. However, little information is available
on controlled release fertilizer (CRF) rates of application during this time
of the year and there are concerns over potential winter damage to nursery
stock. Temperatures during the fall and winter months vary from year to
year and may impact CRF release rates and plant hardiness. Ivy et al.
reported that ilex crenata ‘Compacta’ performed well using a recommended
rate of preplant incorporated CRF regardless of time of potting (1). This
study only focused on early-September and late-October planting dates
(with respect to fall potting) and only one plant cultivar overwintered in a
poly structure from late December to late February. Many nursery owners
are not capable of overwintering large numbers of plants in such a fashion.
The objective of this study was to determine the effect that dibble-applied
CRFs and their rates have on winter damage and spring growth of three
container-grown woody ornamentals.
Three woody ornamental species, Rhododendron indicum ‘Formosa’
(azalea), ilex crenata ‘Soft Touch’ (holly), and Juniperus horizontalis ‘Bar
Harbor’ (Juniper), were potted on October 11, November 1, and December
1, 1999 in a milled pine bark: Canadian peat moss mix (3:1 by volume)
amended with 6 pounds of dolomitic limestone and 2 pounds of gypsum
per cubic yard of medium. Fertilizer treatments were 1.42 grams N (low
rate) and 2.84 grams N (high rate) from Nutricote 18-6-8 (Type 360),
Osmocote 15-9-12 (12 month), and Polyon 17-5-11 (12 month); the high rate of
fertilizer was determined by averaging the recommended amounts of the three
commercial products for dibble application, and the low rate was 1/2 the high
rate. Micronutrients are included in the Nutricote and Osmocote products, and
1.5 pounds of Pursell’s micronutrient product was applied pre-plant incorporated
per cubic yard of medium to the Polyon treatments.
Plants were evaluated for winter damage (using “0” for absence and “1”
for presence) 120 days after the initial potting (DAP). Winter damage
was defined as any obvious aesthetic damage, such as dead leaf
margins, tip dieback, and bark split. A growth index [height + width1(widest
+ width2 (width perpendicular to first /3] (cm) was taken 210 DAP for each
point)
plant. Daily ambient high and low temperatures were recorded. The
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experiment consisted of five replications of two plants per treatment
arranged in a randomized complete block design. Data were analyzed
using analysis of variance procedure (ANOVA). Treatment and interaction
means were separated by Duncan’s Multiple Range Test, P = 0.05.
Results and Discussion: Ninety percent or more of the azaleas potted
using Osmocote during October regardless of the CRF rate exhibited
winter damage (Table 1). Azaleas treated with Polyon at the high rate
potted in October and Osmocote at the low rate potted in November
were similar with 70 percent or more of the plants exhibiting some
degree of winter damage. No winter damage was observed for azaleas
potted during December regardless of CRF product or rate. No winter
damage was observed for hollies or junipers during the study.
Potting date by CRF rate and CRF product by CRF rate interactions
were observed for azalea GI after the spring growth flush (210 DAP)
(data not shown). Azaleas potted in October using the high CRF rate had
the greatest GI regardless of CRF product. Also, Nutricote azaleas
potted with the high CRF rate were larger than Osmocote azaleas
regardless of CRF rate or Polyon azaleas potted with the high CRF rate.
As with the azaleas, there was a potting date by CRF rate interaction
with October potted hollies at the high CRF rate having the largest GI
(data not shown). There was also a potting date by product interaction
with the largest GI occurring for hollies potted in October using Polyon
CRF. No interactions occurred for juniper, but potting date and CRF
product affected GI 210 DAP (data not shown). Junipers potted in
October were larger than those potted in November or December.
Osmocote plants had greater GI than Polyon plants.
Significance to Industry: This study indicates that fall potting using
dibble applied CRFs has potential for container-grown woody ornamentals.
Across the three species tested, the greatest growth occurred for plants
potted during October, but growth based on CRF product or rate varied
among species. No winter damage was observed for hollies or junipers,
but azaleas exhibited damage depending on CRF product or rate unless
potted in December. The winter of 1999-2000 was mild and additional
research is being conducted to support using dibble application of CRFs
during fall potting.
Literature Cited:
1. Ivy, R.L., T.E. Bilderback, S.L. Warren. 2000. Potting date and rate of
fertilization affects plant growth. Proc. SNA Res. Conf. 45:27-29.
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Table 1. Winter damage on Rhododendron indicum ‘Formosa’ 120 days
after initial potting date of October 11, 1999.

Potting Date

Product 1

Rate 2

October

Polyon

Low
High

10d
70b

Nutricote

Low
High

0d
0d

Osmocote

Low
High

100a
90a

Polyon

Low
High

20cd
20cd

Nutricote

Low
High

0d
40c

Osmocote

Low
High

80ab
40c

Polyon

Low
High

0d
0d

Nutricote

Low
High

0d
0d

Osmocote

Low
High

0d
0d

November

December

1

Percent of Plants Damaged 3

Controlled release fertilizers used are Polyon 17-5-11 (12 month),
Nutricote 18-6-8 (Type 360), and Osmocote 15-9-12 (12 month).

2

Low rate is 1.42 grams N/pot. High rate is 2.84 grams N/pot.

3

Treatment means separated by Duncan’s Multiple Range Test, p = 0.05.
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Photosynthetic Responses of Container-grown Illicium
L. Taxa to Sun and Shade
Richard T. Olsen and John M. Ruter
University of Georgia
Coastal Plain Experiment Station, Tifton, GA 31793
Index Words: Illicium anisatum, I. floridanum ‘Pebblebrook’, I. henryi, I.
lanceolatum, I. parviflorum ‘Forest Green’, photoinhibition, SPAD-502
chlorophyll meter
Nature of Work: In the past decade, Illiciums, or star-anise’s, have
increased in popularity in the landscape and nursery industry. Illiciums
are broad-leaved evergreen trees or shrubs native to SE Asia and the SE
USA. Greater than expected hardiness, combined with a lack of pests or
diseases and ease of culture have contributed to their popularity among
growers and landscapers (3,5). Illiciums are promoted for various uses
in the landscape, from hedges to specimens, in full sun to full shade.
However, confusion exists as to the degree of sun tolerance of the
various species in cultivation (4,5). A plant’ s ability to acclimate to
various light intensities is a result of that species genetic adaptation to
the light environment of its native habitat (2). In the wild Illiciums are
understorey plants, suggesting photosynthetic responses that optimize
growth in low light intensities. Shade-adapted plants have inherently low
photosynthetic rates (Amax) and lack the ability to effectively increase their
rates of light-saturated photosynthesis (1). The low Amax rates predispose
shade plants grown in high light intensities to photoinhibition, with
prolonged exposure leading to photooxidative bleaching. (6). Photooxidative
bleaching results in lowered levels of chlorophyll, which can be quantified
using hand-held chlorophyll meters. Identifying the light intensity that
results in optimal photosynthesis and foliage coloration would allow
growers to optimize growth and quality of container-grown Illiciums.
Therefore, a study was conducted to quantify the photosynthetic responses
of cultivated Illicium L. taxa to varying light intensities.
Uniform liners of Illicium anisatum, I.floridanum ‘Pebblebrook’, I. henryi, I.
lanceolatum, and I. parviflorum ‘Forest Green’ were potted into 1-gal.
(2.8-L) black plastic containers with an amended pinebark substrate in
May 2000. Plants were placed in one of two light intensity treatments,
45% or 100% light transmittance, in a randomized split-block design, with
6 single plant replicates per treatment. Plants in the 45% light treatment
were grown in a hoop house covered in black woven polypropylene
fabric. Plants in the 100% light treatment were grown in full sun on a
nursery container pad. Plants were watered as needed. After one
growth-flush hardened under the imposed treatments, plants were
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brought into the laboratory for gas-exchange measurements. Single-leaf
measurements were made using a Li-COR 6200 portable photosynthesis
system (Li-COR, Lincoln, Nebr.) with a 250 mL leaf chamber. Light was
provided by a QB6200 LED lighting system (Quantum Devices,
Barneveld, Wis.) attached to the top of the leaf chamber. Measurements
were made on a fully expanded, mature leaf below the terminal bud.
Leaf chamber CO2 concentration was maintained at 365±10 ppm and
leaf temperature between 77 to 86° F (25 to 30°C). Measurements
began at 0 µmol m-2·s-1 and proceeded in increments to 2000 µmol m-2·s-1 .
Two SPAD-502 chlorophyll meter (Minolta Corp, Ramsey, N.J.) readings
were taken and averaged as each leaf was removed from the leaf chamber.
Individual light response curves were constructed for each leaf in order to
calculate gas-exchange parameters. Maximum net CO2 assimilation (Amax),
a measure of photosynthesis, was the highest measured rate of net CO2
assimilation for each leaf. Data were subjected to ANOVA.
Results and Discussion: A species x light interaction was noted for each
species, as seen in Fig. 1. In general, the highest Amax values occurred in
the 45% light treatment, however, the response was species dependent.
No plants of Illicium henryi survived the 100% light treatment, and plants
in the 45% light treatment had the lowest Amax values. The low inherent
rates of photosynthesis may have contributed to the inability of I. henryi to
acclimate to the100% light treatment. Species with low rates of photosynthesis
absorb light energy in excess of that utilitized for photosynthesis faster
than species with high rates of photosynthesis (1). The inability to safely
dissipate excess energy results in damage to photosynthetic machinery,
destruction of chlorophyll, and ultimately, plant death. Illicium anisatum and
I. floridanum ‘Pebblebrook’ had similar responses to the light treatments.
Both species were severely photoinhibited in the 100% light treatment,
exhibiting very low Amax values and low SPAD readings (data not shown).
The low SPAD readings corroborate the photooxidative bleaching observed
in this study and previous accounts of bleaching in high light situations
(4). Illicium lanceolatum and I. parviflorum ‘Forest Green’ had similar
responses to the light treatments, but had substantially different Amax
values. Both species had slightly higher rates of Amax in the 45% light
treatment than in the 100% treatment. The higher rates of Amax for I.
lanceolatum were accompanied by higher SPAD meter readings in 45%
light treatment (data not shown). Significant photoinhibition in 100% light
for I. lanceolatum resulted in lowered Amax values and photooxidative
bleaching. Illicium parviflorum ‘Forest Green’ maintained the highest
rates of Amax in both light treatments and no difference was observed in
SPAD readings between light treatments (data not shown).
Significance to Industry: The five Illicium taxa in this study exhibited
maximum photosynthetic rates typical of shade-adapted species. Illicium
anisatum, I. floridanum ‘Pebblebrook’, I. henryi, and I. lanceolatum were
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either severely photoinhibited and bleached or did not survive the 100%
light treatment. For these taxa, optimal photosynthesis and growth in
container-production will occur in low light intensities. Furthermore, I.
lanceolatum with similar foliage and floral characteristics to I. henryi, but
with better overall performance in both light treatments, may be a better plant for
the nursery industry. Illicium parviflorum ‘Forest Green’ demonstrated the most
plastic response, able to maintain high rates of photosynthesis in 100% light.
However, slightly higher rates were observed in the 45% light treatment,
suggesting optimal growth will occur in low light intensities.
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Springer-Verlag, Berlin.
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Night-Interrupted Lighting Effects on Cold Hardiness of
Coreopsis verticillata ‘Moonbeam’
Darryl L. Rayburn, Gary J. Keever, Douglas A. Findley,
J. Raymond Kessler, Jr. and John W. Olive
Auburn University, Department of Horticulture, Auburn, AL 36849
Index Words: Coreopsis verticillata ‘Moonbeam’, Cold Hardiness,
Night-Interrupted Lighting
Nature of Work: Night-interrupted lighting (NIL) is effective at inducing
flowering of many herbaceous perennials under greenhouse conditions
(2). More recently, however, Keever et al. (1) at Auburn University have
achieved similar flowering results under NIL outdoors in Mobile, AL. This
low-input technique, under nursery conditions in the southern United
States, has the potential to expand the marketing window of herbaceous
perennials (1). However, one factor excluded from that study and a
concern for nurserymen is the effects of NIL on the cold hardiness of
plants stimulated to flower prematurely. Our objective was to determine
if NIL affects cold hardiness of Coreopsis verticillata ‘Moonbeam’, a
long-day plant.
Cuttings of Coreopsis verticillata ‘Moonbeam’ were taken on October 16,
2000 and rooted under mist. Approximately 400 rooted cuttings were
potted into 4-inch pots of a pine bark:peat (3:1 V:V) medium amended
with 6 lb/yd3 lime, 1.5 lb/yd3 Micromax, 2 lb/yd3 gypsum and 14 lb/yd3
Osmocote 17-7-12. On February 1, 2001 one-half of the plants were
placed under night-interrupted lighting (NIL) conditions, providing a
minimum of 10 foot-candles from10:00pm until 2:00am, in Mobile, AL.
The remainder of the plants served as controls (CTL) and received
natural photoperiod. Prior to low temperature exposure, additional data
were recorded on 10 single-plant replications on March 15 and April 4
including heights and shoot dry weights.
Height and shoot dry weight data were recorded on 10 single-plant
replications on March 15 and April 4 including heights and shoot dry
weights. Every three weeks from February 22, 2001 to April 25, 2001 80
plants (40 controls and 40 NIL) were subjected to low temperature
exposure. The Whole Plant Freeze Test (WPFT), which involves placing
the entire plant with pot intact into a modified chest freezer, was used for
this procedure. Samples were allowed to achieve a uniform temperature
overnight in the freezer at 8°C (47°F) for 10 hours. Eight pre-determined
temperatures were reached at cooling rates of 2°C (4°F) per hour. At
each testing temperature samples were held for 30 minutes. Following
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removal from the freezer, plant samples consisting of 5 single-plant
replications were placed in a cooler at 4°C (40°F) overnight. After
removal from the cooler, plants were placed in a greenhouse under NIL.
Two days after low temperature exposure, plants were rated for injury on
a 5-point scale where 1-5 = 0, 25, 50, 75 and 100% injury, respectively.
Plants that received a rating of 2 required minor pruning to remove
injured foliage and flower buds. Plants rated higher than 2 were considered
unmarketable.
Results and Discussion: The NIL treatment produced plants that were
consistently taller than the controls (Table 1). Also, shoot dry weights
were at least three times greater for NIL plants than for controls (Table 1).
Plants were tested for cold hardiness a total of four times. Due to
similar trends among all testing dates, only data from the third freezing
event (April 4) are presented. NIL plants suffered more extensive injury
at higher temperatures than CTL plants (Fig.1). Both CTL and NIL
plants were rated 1 (no injury) as low as 0°C (32°F). However, below
0°C (32°F) NIL plants suffered increasing injury, eventually reaching an
unmarketable rating of 3 between –2 (28°F) and –4°C (24°F). The CTL
plants, in contrast, maintained greater cold hardiness with respect to
injury rating and marketability, even at temperatures as low as -8°C
(18°F).
Significance to Industry: Night-interrupted lighting outdoors in U.S.D.A
Hardiness Zone 8 accelerates flowering in ‘Moonbeam’ coreopsis.
However, ‘Moonbeam’ coreopsis under NIL was less cold hardy than
plants exposed to natural photoperiod. Growers may use NIL in an
outdoor nursery setting to bring long-day herbaceous perennials into
flower earlier to meet peak market demands. However, proper precautions
should be taken during low temperature events to avoid injury to plants.
Literature Cited:
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Table 1 Effect of night-interrupted lighting (NIL) on heights and shoot dry
weights ‘Moonbeam’ coreopsis.
MEAN HEIGHTS (CM)
DATE
March 15, 2001

NIL PLANTS
30.7

CONTROLS
3.8

April 09, 2001

43.1

7.3

MEAN SHOOT DRY WEIGHTS (GM)
DATE
March 15, 2001
April 09, 2001

NIL PLANTS
1.9
4.3

100

CONTROLS
0.6
0.5
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Nitrogen Uptake, Partitioning and Loss in
Container-Production Systems
1

Andrew G. Ristvey 1, John D. Lea-Cox 1 and David S. Ross 2
Department of Natural Resource Sciences & Lndscp Architecture,
2
Department of Biological Resources Engineering,
University of Maryland, College Park, MD 20742

Index Words: Rhododendron ,Ilex cornuta x regosa, Nitrate, NO3-N,
Ammonium, NH4-N, Leaching, Irrigation, Efficiency
Nature of Work: Various state (5) and federal (2) nutrient management
regulations are making the nursery and greenhouse industries reexamine
the efficiency of water and nutrient use, particularly when plants are
grown in containers using various soilless substrates. Most soilless
substrates have virtually no anion-retention capacity (3), and thus require
a relatively constant supply of nitrogen (N) and phosphorus (P) to
replace the nitrate (NO3-N) and phosphate (PO4-P) that are leached by
successive irrigations (7). Container nursery and greenhouse fertility
programs commonly utilize high levels of soluble-applied nutrients; over
50% of the irrigation water used by both open and protected horticulture
is applied by overhead systems (8). Many growers have ignored the
negative environmental impacts of overapplying water and fertilizers, as the
cost of these inputs is only a small fraction of the total cost of production.
However, the increased use of surface and groundwater resources and
greater scrutiny of declining water quality is dictating that we reevaluate
many common nursery and greenhouse water and fertilization practices.
Materials and Methods: A three-year study was initiated in 1999 to
gather long-term N and P application, plant uptake-efficiency and leaching
data using two irrigation methods (drip vs. overhead) for two ‘model’
plant species, as few systematic data exist in the literature. Ilex cornuta
x regosa var. ‘China Girl’ holly and Rhododendron var. ‘Karen’ azalea
were chosen for their different growth rates and because they are widely
grown in the industry. The experimental site consists of two replicated
greenhouse structures with eight, 9m wide x 8m long blocks per house.
Two continuous 20-mil polyethylene plastic sheets, sandwiched between
two continuous layers of ground PAC, underlie each greenhouse. This
creates a completely impervious surface to collect leachate and irrigation
water runoff from each block. Each house slopes at a 1% decline from
the north to the south end. A 0.3m-wide central furrow runs down the
length of each block. All runoff is diverted into this furrow and towards
the end of each block, where it is collected by a 170 L polyethylene
barrel sunk into the ground through the plastic and ground PAC surface.
All irrigation and fertilization application volumes to each block are
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measured by digital flow-meters (Great Plains Industries, KS). The
runoff from each block is pumped from the sub-surface barrel through a
flow-meter into an above-ground collection barrel, where a fraction is
collected for N and P analysis; the rest is diverted to a lined 100KL
containment pond off-site. The runoff water is sampled whenever
necessary (2-3 times per week), acidified and frozen until analyzed for
NH4 and NO3. Leachates from fertigations are collected the same day
after a fertigation event. Leachates from irrigations and rainfall events
are collected before fertigation events and include any rain events
between fertigations.
In the first year of the study, 448 plants of each species were randomly
assigned to one of the four northern blocks of each greenhouse, with two
blocks of each species under drip or overhead sprinkler irrigation in an
offset pot-to-pot configuration. Holly plants were grown in a commercial
hardwood-based substrate that had been amended with 8.8 kg m-3
Osmocote 19-5-9, 7.0 kg dolomitic lime, 1.1kg iron sulfate and 3.3 kg
micromax per m3, respectively. Azalea plants were grown in a commercial
pine-bark substrate, similarly amended, but with only 6.6 kg m-3
Osmocote 19-5-9. From four weeks after transplanting, all plants were
fertilized once or twice weekly during the production season with a
soluble formulation that provided, on average, 150 mg N•L-1 N and 6 mg
P•L-1 during spring (April – May) and 75 mg N•L-1 N and 6 mg P•L-1 from
June through October. An additional slow-release (6-9 month formulation)
N application totaling 6.12 g N was applied to each plant in February 2000
as part of a slow-release overwintering study (6).
Eight plants from each treatment (n= 32) were harvested at four times
during the study period. Root, stem, primary and secondary branches
and leaf tissues were separated at each harvest, and fresh and dry
weights measured. A 10 to 15g sub-sample of each tissue from each
replicate plant was freeze-dried using a Labconco lyophilizer. Each
tissue sample was milled and analyzed for carbon and N content using a
Carlo-Elba CE 2000 C/N analyzer. Individual runoff samples were
analyzed for NO3-Nand NH4-N concentration on an Alpkem FS3000.
Nitrate was colorimetrically analyzed using the cadmium reduction
method, NH4-N by the phenolic method (1). Total N leachate values
were calculated by multiplying the NO3-N and NH4-N concentrations by
the volume of the water collected at each collection time. A saturated
paste extract analysis was performed by Scotts Testing Laboratories
(Allentown, PA); substrate N contents were calculated by multiplying the
substrate NO3-N and NH4-N concentrations by the total volume of each
substrate (measured at harvest).
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Results and Discussion: Total plant N uptake and partitioning data are
presented by treatment in Figs. 1– 4. Total N uptake was not significantly
different between drip and sprinkler irrigation regimes for either species
(Table 1). N uptake was also not different for the two plant species for
up to a year after transplanting; however, after this time, holly plants
took up significantly more N than azalea, irrespective of irrigation
method (Figs. 3 and 4). A total of 28.3g and 34.8 g N was applied to the
azalea and holly plants from CRF and soluble sources over the 14
months (Table 1). Remarkably, plant uptake totaled only 1.8g and 2.8 g
for azalea and holly respectively, over this entire 14-month period. Total
runoff was over three times higher (2.5g N vs. 0.7g N) for sprinkler vs.
drip blocks, which was a result of the poor interception efficiency of
3-gallon containers, despite the jammed offset configuration.
The total N recovered in the leachate from both drip and overhead
irrigation over 14 months was very low, despite efficient the efficient
capture of runoff from each block and exhaustive analysis of all the N
budget components. We assumed that all CRF applications were fully
available and expended in this time period; this, however, may have not
been the case and may have contributed to low total recoveries and
plant uptake efficiencies. We speculate that microbial use and
denitrification losses over time may have also contributed to these
low recoveries, as even short-term (30-day) 15N studies have shown
large unaccounted losses (4). Total plant uptake efficiencies were less
than 8% (Table 1), but this low uptake efficiency is dependent upon the
total N available to the plant in the substrate over time, and does not
include any competitive (e.g. microbial) effects.
Significance to Industry: These are the first long-term budgetary data
for container-produced holly and azalea plants in the ornamental
literature. This data should help us provide more effective water and
nutrient delivery strategies to increase plant N uptake efficiency and
reduce N leaching losses from container nursery production systems in
the future.
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2.22

2.33

32.47

32.47

Interception Efficiency of 3-gallon containers = 38% for sprinkler irrigation; 100% for drip irrigation

2.44

2.35

25.88

25.88

7.9

8.1

6.3

6.5

Table 1. N application, plant uptake and loss (grams N per plant), percent N recovered and plant N uptake efficiency for
close-spaced, 3-gallon Holly and Azalea plants, grown under drip and sprinkler irrigation from July, 1999 to September, 2000.
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Reducing Root Zone Temperatures of
Container-Grown Plants
Vickie Greene, Bonnie Appleton, Eva Lynn Rudiger & Gregory Eaton
Virginia Polytechnic Institute and State University,
Hampton Roads AREC, Virginia Beach, VA 23455
Index words: heat stress, inoculation, mycorrhizal fungi, nursery production
methods, Betula nigra, Liriodendron tulipifera, Pinus taeda, Quercus phellos
Nature of Work: The damaging effect of heat on root development of
container-grown plants has been demonstrated in several studies. Root
zone heat stress can result in reductions of survival rate and of shoot
and root dry weights. These results are thought to be due to decreased
uptake of water and nutrients, and slowing or cessation of photosynthesis
(7). This is of concern in nursery production because vigorous and
well-developed root systems support resistance to insects and disease,
as well as producing a desirable product. It is recommended that tree
growers minimize the exposure of tree roots to temperatures above
107.6˚F (42˚C) (7).
Several studies have demonstrated the efficacy of container design and/or
material in alleviating root zone heat stress (2,5,8). Another strategy suggested
for ameliorating the effects of heat stress is the use of mycorrhizal fungi.
Mycorrhizal fungi form symbiotic relationships with the root systems of
plants. The fungi increase the root surface of the plant, enabling more
efficient uptake of water and nutrients. The introduction of mycorrhizal
inoculum to container substrate in order to improve vigor, survival, and
reduce fertilizer and pesticide use has been recommended (4, 9).
The purpose of this work was to explore three approaches to dealing
with potentially lethal root zone temperatures. Containers of different
composition or color were evaluated to determine their effectiveness in
reducing container temperatures. Mycorrhizal fungal inoculum was
added to determine if root colonization could compensate for root zone
heat stress. Different irrigation protocol was employed to determine if
irrigation affects fungal colonization rates.
May 1999: Two ectomycorrhizal tree species (Betula nigra and Quercus
phellos) were potted in a 8:1 (v:v) pine bark/sand substrate, with a
specifically prepared mycorrhizal inoculum incorporated per the
manufacturer’s instruction into half of the substrate (Plant Health Care,
Pittsburgh, PA). Four 3-gallon trade containers were used: green Nursery
Supply (NS) 1200 (Nursery Supply, Inc., Chambersburg, PA.), green NS
1200 covered with aluminum foil, green NS Root Right 1200 (copper
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impregnated), and an aluminum Accelerator (Hold Em, Inc., West Palm
Beach, FL.). Plants were fertilized with 1.4 oz. (40 g) of a 15-9-12 slow
release fertilizer, hand weeded, and placed on an overhead irrigated tan
gravel container bed on two foot centers. Thermocouple wires were
inserted into the substrate approximately four inches deep and one
quarter inch in from the container wall at the four compass points. A 2 x 4
factorial design was replicated eight times (single plants) in a randomized
complete block design. Temperatures were recorded in June, July, August,
and September for all four compass points during the morning (10 am to 12
am) and afternoon (3 pm to 5 pm). In October, dry weights were measured
and a portion of the roots removed for analysis of mycorrhizal colonization.
April 2000: Pinus taeda (an ectomycorrhizal species) and Liriodendron
tulipifera (an endomycorrhizal species) were potted as above in six threegallon trade containers: green NS 1200, green NS Root Right, silver
plastic Accelerator, Easi-Lift white polyethylene bag (Bond Manufacturing
Co., Benicia, CA), copper impregnated fiber container (Henry Molded
Products Inc., Lebanon, PA), and an above-ground 3 gallon NS 1200
inside a 5 gallon black NS container. The pines were potted in an 8:1
(v:v) pine bark/sand substrate, but the tulip poplars were potted in a
100% composted tulip tree bark thought to provide a more hospitable
environment for endomycorrhizal fungal colonization. Substrate of half of
all containers included an appropriate mycorrhizal inoculum (Plant Health
Care). As above, thermocouple wires were installed on west and east
compass points in containers not treated with mycorrhizal fungi. Containers
were placed on one of two overhead irrigated tan gravel covered beds; one
bed received twice the daily irrigation as the other. The experimental design
was a 2 x 6 x 2 randomized split plot with five single plant replications.
Temperatures were recorded in June, July, August, and September for the
two compass points during mornings (10 to 12 am) and afternoons (3 to 5
pm). Plants were harvested in October, and fresh root and shoot weight
data collected.
Results and Discussion: 1999 Results: Analysis of mycorrhizal fungal
colonization revealed contamination by the native species Thelephora
terrestris and Lepiota lutea in both mycorrhizal-treated and control
containers. Due to this contamination the dry weight results were discarded.
Temperature data were analyzed using Analysis of Variance procedures and
significant differences were observed. Average temperatures recorded in
the Accelerator containers (91.6˚F/33˚C) and the aluminum foil covered
containers (90.5˚F/32.5˚C) were approximately 10 degrees F cooler than
the NS 1200 (100.4˚F/38˚C) and NS Root Right (99.7˚F/38˚C) containers.
Temperatures measured during July peaked above 140˚F (60˚C) on the
south and west sides of the dark colored containers.
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2000 results: Temperature data were analyzed using a repeated measures
Analysis of Variance, and root and shoot weights were analyzed using
Analysis of Variance. There were no significant differences observed for
the presence of mycorrhizal fungi or irrigation method in root or shoot
dry weights. There were no significant interactions between any of the
factors. Significant differences were observed in temperatures and root
and shoot dry weights among types of containers (Table 1). NS Root
Right and NS standard containers had the highest average temperatures.
The fiber container maintained the lowest average temperatures,
followed by the Accelerator, white Easi-lift bag and pot-in-pot. Containers
that received the 2X irrigation rate were significantly cooler than those
receiving the 1X rate, but the difference was very slight (2 degrees F).
Results for root and shoot weight followed a different pattern. The
largest shoot weights were measured for the pot-in-pot, the standard NS
1200 and the white Easi-lift bag, with other shoot weights significantly
less. The largest root weights were observed in the NS standard pot, the
pot-in-pot, and the white Easi-lift bag.
There are several possible explanations for the mycorrhizal fungal
inoculum results. First, colonization may not have occurred. Acree and
Appleton (1) speculated that failure to colonize might result from nonviable
mycorrhizal inoculum, substrate phenolic compounds, or excessive
moisture. An alternate explanation is provided by Johnson, Graham and
Smith (6). They describe a continuum of plant-fungal relationships in
which mycorrhizal fungi may act as a carbohydrate sink in some conditions
(initial growth period, low light) and provide benefits to the plant during
other conditions (low P soils, density of plant growth). It is also possible
that fertilization and irrigation practices obviated any benefits from
mycorrhizal inoculation. Davies concluded that mycorrhizal fungi are
more likely to provide benefits in transplanting to stressful landscape
situations than during container production (3).
The pattern of results regarding type of container is complex. The
containers resulting in the cooler temperatures (fiber container, Accelerator)
did not produce the largest root and shoot weights. This may have been
due to extra substrate drying through the paper container walls or
Accelerator air holes. The standard NS 1200 resulted in more vigorous
growth, but demonstrated the highest temperatures. The two containers
which employ chemical or physical design features to inhibit circling root
growth (Accelerator, Root Right) resulted in lower root and shoot
weights. A major factor that may have affected the 2000 results was the
unusually cool wet weather. During the summer of 1999, 1536 separate
readings were taken; 27% of those readings were above 107.6˚F
(42˚C). During the summer of 2000, 1440 readings were taken; 11% of
those readings were above 107.6˚F (42˚C) degrees. Temperatures may
not have been consistently high enough to demonstrate the deleterious
effects of root zone heat upon plant growth.
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Significance to the Industry: This study demonstrated that the
composition and design of containers affect growth rates in nursery
production. Perhaps the containers, which were moderate performers
relative to temperature and growth (the Easi-Lift white polyethylene bag
and the above ground pot-in-pot), deserve further consideration. These
containers ameliorated the effects of heat stress, while maintaining
adequate root and shoot growth. The choice of container may depend
upon characteristics of the plant in production - the fiber container and
the Accelerator may be preferable for species particularly susceptible to
root zone heat stress.
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Table 1. Temperature and root and shoot responses to different
container types

Container

Mean
Temperature (˚F)

Fresh Root
Weight (g)

Fresh Shoot
Weight (g)

Fiber

89.2 a1

358.48 a

30.10 a

Accelerator

91.9 b

400.56 a

29.48 a

White
Easi-Lift Bag

92.9 b, c

520.81 a, b

47.73 b

Pot-in-Pot

93.4 c

726.97 b

49.00 b

NS Root Right 96.1 d

337.35 a

28.36 a

NS 1200

715.59 b

49.18 b

96.7 d

1

Means in columns followed by the same letter are not significantly
different using Duncan MRT (P<0.05).
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Maple Growth Affected by Container and Liner Size
Adam Newby and Donna C. Fare
USDA-ARS, U.S. National Arboretum, Nursery Crop Research Station,
McMinnville, TN 37110
Index Words: Acer rubrum ‘Franksred’ (L), Red Sunset™ red maple
Nature of Work: The production of container-grown maples is popular
with nursery producers across the South. Recent research has addressed
growth periodicity and fall color of red maple selections (Sibley et al.,
1995; Sibley et al. 1999). However, little research has described the
relationship of container size and bare root liner size to growth of maple
trees. Container size is often overlooked as an important factor in tree
production. Smaller containers can restrict root and subsequent shoot
growth. Larger containers may provide more growing room, but the initial
investment of substrate, fertilizer, and space is more expensive. Production
costs may be recovered, though, by increased growth rates and better
quality plants grown in larger containers (Swanson and Calkins, 1996).
The objectives of this project were to observe maple growth in three
container sizes with three bareroot liner sizes and address the influence
of liner size or container size on maple growth and overall quality.
Uniform liners of Acer rubrum ‘Franksred’, Red Sunset™ Red Maple
were potted 24 March 1999 in an amended pine bark substrate with 11
pounds (5.0 kg) of 19-5-9 Osmocote Pro controlled-release fertilizer
(O.M. Scotts Co., Maryville, Ohio), 5 pounds (2.3 kg) of dolomitic lime,
and one pound (0.4 kg) of Micromax per cubic yard. Three caliper sizes,
one-half inch (12.7 mm), three-quarter inch (19.0 mm), and one-inch
(25.4 mm), were each potted into 7-gallon (26.5 l), 10-gallon (37.8 l), and
15-gallon (56.8 l) containers (Lerio Corp., Mobile, Ala.) for a total of nine
treatments. Each treatment was replicated three times with three trees
for a total of 9 trees in each treatment. Trees were grown above ground
and irrigated daily with cyclic applications of 2700, 2100, and 1500 ml in
15-, 10-, and 7-gallon containers, respectively. All trees were grown using
standard nursery practices. All plants were uniformly pruned on 3 May
1999 and 25 May 2000 to promote canopy development. Height and
caliper were measured bi-monthly to monitor growth. Caliper was measured
at six inches (15 cm) above the substrate. One tree per replication per
treatment was harvested to attain root and shoot dry weight. Pine bark
substrate was completely washed or removed from the roots prior to
drying. Both roots and shoots were dried in a forced-air oven at 75C
(data not shown). The experimental design was a randomized block with
three replications consisting of three trees per experimental unit.
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Results and Discussion: Height and caliper growth increased linearly
from the smallest to the largest liner (Table 1). The 0.5-inch liner size
averaged among container sizes had a total height increase (actual
growth) of 102.7 cm (68.0%) and caliper increase of 18.4 mm (150.8%)
from the initial potting size. The 1.0-inch liner size increased in height by
1.7 cm (0.6%) and increased in caliper growth by 11.2 mm (50.2%).
Maple growth was greatest in the 15-gallon containers (Table 1). Trees
had an average height increase of 72.9 cm (33.1%) and caliper increase
of 18.3 mm (100.6%). For instance, the 0.5-inch liners had a height
increase of 123.6 cm (82.7 %) and caliper increase of 22 mm (169.2 %)
in the 15-gallon container. However, the 1.0-inch liners grown in 15-gallon
containers had a total height and caliper increase of 5.8 cm (1.9 %) and
13.3 mm (53.9 %), respectively.
Trees grown in 7-gallon (26.5 l) containers had a height increase of 43.6
cm (20.7%) and caliper increase of 11.9 mm (76.3%). For example, the
0.5-inch liners had a height increase of 78.7 cm (52.7 %) and caliper
increase of 14.6 mm (130.4 %) in a 7-gallon container. Conversely, the
1.0-inch liners had little difference in growth regardless of container size.
In a 7-gallon container, the 1.0-inch liners had a height decrease of 13.6
cm (4.6 %) and total caliper increase of 8.2 mm (40.4 %) compared to 5.8
cm (1.9%) and 13.3 mm (53.9 %), respectively in a 15-gallon container.
Figure 1 compares the initial height to the height at termination. It is
apparent that the 0.5-inch caliper liner had more shoot growth during the
experiment than the 0.75- or 1.0-inch liners. All trees were pruned in
May of each growing season to ensure a straight leader and maximize
the canopy development. The 1.0-inch liners grown in 7-gallon containers
had very little shoot growth after trees were pruned in May of each year;
thus the decrease in height growth. Figure 2 compares initial caliper to the
caliper obtained at the end of the 18-month experiment. Caliper increases were greater with smaller liners (0.5-inch caliper at potting)
when compared to liners that were 0.75- and 1.0-inch caliper at potting.
In August 2000, 5 industry representatives evaluated the maples for plant
quality. About 40 % of maples grown in 10- and 15-gallon containers were
rated with superior quality. Forty percent and 35 % of 10- and 15-gallon
containers, respectively were rated as saleable, however these trees
lacked superior canopy development. However, only 10 % of trees grown
in 7-gallon containers were rated as saleable, irrespective of liner size.
Significance to the industry: This project concluded that more growth
occurred with smaller tree liners and with plants in larger containers.
Potting larger liners may result in larger plants, in an 18-month production
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cycle, but canopy development and plant quality may not be as acceptable
with larger liners as those with smaller liners. Superior quality and growth
was obtained with a smaller liner.
Literature Cited:
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Table 1. Effects of container size and plant liner size on growth of
Acer rubrum ‘Franksred’.
Treatment
Liner caliper size
0.5-inch (12.7 mm)
0.75-inch (19.0 mm)
1.0-inch (25.4 mm)
SignificanceY
Container size
7-gallon
10-gallon
15-gallon
Significance
Liner caliper size X
container size
Z
Y

Height growth, cmZ

Caliper growth, mm

102.7
73.3
1.7
L***

18.4
16.3
11.2
L**

43.6
63.8
72.9
L***
NS

11.9
15.9
18.3
L**
NS

Height and caliper growth that occurred during the 18-month study.
Regression response non-significant (NS), linear (L) or quadratic (Q)
at the 0.05 (*), 0.01 (**), or 0.001 (***) level.
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Herbicide Efficacy Affected by Cyclic Irrigation
Donna C. Fare and Darren Robinson
USDA-ARS and University of Tennessee
McMinnville, Tennessee and Knoxville, Tennessee
Index Words: Buxus x ‘Green Mountain’, Juniperus chinensis ‘Sea
Green’, Lagerstroemia indica x L. fauriei ‘Natchez’, Viburnum x ‘Conoy’,
Crabgrass, prostrate spurge.
Nature of Work: Weed control is imperative in container production to
prevent a reduction in growth of ornamental plants. Berchielli-Robertson et
al (1) reported some weed species are highly competitive and one weed in
a container can reduce the growth of the ornamental crop. Chemical weed
control is commonly used in container production to prevent and resolve
weed problems, though non-chemical weed control such as mulches on the
surface of container substrate provides some weed control barrier.
In most nurseries where plants are produced in containers 5-gallon and
smaller, overhead irrigation is often applied with impact or wobbler
nozzles. In recent years, cyclic irrigation has been promoted for nurseries
using overhead irrigation because of the favorable environmental impact.
Research has demonstrated that cyclic irrigation reduces container
leachate volume and subsequent runoff from growing beds, reduces the
levels of nutrients and pesticides that leave the growing beds via runoff,
and growers report less water is needed for irrigation with cyclic than
with a traditional overhead application (2,3).
A concern with the use of cyclic irrigation is the surface of the container
substrate stays moist for a longer period of time than with traditional
irrigation. Therefore, herbicide efficacy could be reduced, and a favorable
moist environment created for weed seed germination. The objective of
this project was to monitor weed control efficacy of commonly used
pre-emergence herbicides with traditional and cyclic irrigation regimes.
On 8 June 2000, uniform liners of Buxus x ‘Green Mountain’ Sieb. & Zucc.
boxwood and Lagerstroemia indica x fauriei ‘Natchez’ L. crapemyrtle
were potted into one and three gallon containers, respectively. Container
substrate was 100% milled pine bark amended with 11 lbs. of 19-5-9
Osmocote Pro (The Scotts Company, Maryville, Ohio), 1.5 lbs. MicroMax,
and 1.0 lb. gypsum per cubic yard. On 28 June 2000, pre-emergence
herbicides were applied over-the-top with a handheld shaker. Herbicide
treatments included Snapshot, Ronstar, OH-2, Rout, Regal O-O, Regal
Experimental, and Visor. All were applied at 100 lbs. product per acre.
Two other treatments were included: a weedy control and Wulpak
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(Wilbro, Inc. Norway, S.C. 29113), a mulch-type pellitized wool product,
which was applied to the container substrate surface of the 1-gallon and
3-gallon containers at 67 and 179 g product (1.5x rate), respectively.
Irrigation was applied immediately after herbicide application. On 1 July,
‘Green Mountain’ boxwood was overseed with prostrate spurge (Euphorbia
supina) and Natchez crapemyrtle was overseeded with large seeded
crabgrass (Digitaria sanguinalis) using a hand-held shaker. Half of the
plants were grown under cyclic irrigation with three separate 0.2-inch
(0.5 cm) applications applied at 5:00, 6:00, and 7:00 AM daily with a one
hours resting phase between applications. The other half of the plants
were grown under a traditional irrigation practice of 0.6 inches (1.5 cm)
applied in one daily application at 7:00 am.
Individual plants of prostrate spurge and crabgrass were counted and
removed at 45, 60 and 90 DAT (days after treatment). At termination,
Green Mountain boxwood and Natchez crapemyrtle were measured to
calculate growth indices (GI) (GI= height +width at widest point + width
perpendicular to widest point/3). The experimental design (within irrigation
treatments) was a randomized block design with 10 single plant replications.
Results and Discussion: Prostrate spurge presence was greater in
cyclic irrigation than traditional irrigation at 45 DAT and 90 DAT (60 DAT
not included). There were differences among herbicides treatments with
spurge control at 90 DAT. For instance, herbicides that contained Goal
(oxyflurofen) herbicide (OH-2, Rout, and Regal O-O) had fewer spurge
plants per container than herbicides without Goal (Snapshot and
Ronstar), Wulpak and the weedy control.
Irrigation treatments had no effect on crabgrass germination or growth.
Weed control treatments did affect the number of grass plants per
container. There were more grass plants per container with Wulpak and
the weedy control than with most pre-emergence herbicides.
Wulpak did not provide acceptable control of prostrate spurge or crabgrass. At
45 and 90 DAT weed number per container was similar to the weedy control.
There were no visual phytotoxicity symptoms with any herbicide treatment.
At 90 DAT, growth indices of Green Mountain boxwood and Natchez
crapemyrtle were similar among herbicide treatments and between
irrigation regimes (data not shown).
Significance to Industry: Cyclic irrigation may decrease herbicide
efficacy in container-grown ornamentals with some weed species.
Growers may need to reapply preemergence herbicides more often
when using cyclic irrigation to ensure minimal weed presence.
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Table 1. Effects of cyclic and traditional irrigation regimes on control of
prostrate spurge and large seeded crabgrass in container-grown ornamentals
treated with pre-emergence herbicides.

Treatments

45 DAT
90 DAT
# of Large
# of Large
# of
# of
Rate per Spurge/
seeded
seeded
Spurge/
acre
crabgrass/pot
potZ crabgrass/potY
pot

Cyclic irrigation
Snapshot

100 lbs.

25.8

4.5

19.0

0.2

Ronstar

100 lbs.

27.5

31.2

30.0

4.3

OH-2

100 lbs.

24.0

8.7

4.5

1.0

Rout

100 lbs.

15.0

4.0

8.8

0.2

Regal O-O

100 lbs.

26.5

19.3

8.8

1.0

Regal Exp.

100 lbs.

29.8

10.2

5.5

0.7

Visor

100 lbs.

18.2

1.5

13.2

1.5

78.0

30.0
-

23.7

53.7

39.2

64.2

Wulpak

Weedy control

67 g/1-gal 17.0
179 g/3-gal
-

43.5
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Treatments

45 DAT
90 DAT
# of Large
# of Large
# of
# of
Rate per Spurge/
seeded
seeded
Spurge/
acre
crabgrass/pot
potZ crabgrass/potY
pot

Traditional irrigation
Snapshot

100 lbs.

15.8

5.5

6.8

0.7

Ronstar

100 lbs.

35.8

24.7

12.8

2.3

OH-2

100 lbs.

7.8

1.5

6.8

2.2

Rout

100 lbs.

16.8

1.5

8.0

0.5

Regal O-O

100 lbs.

6.2

2.7

5.3

0.8

Regal Exp.

100 lbs.

12.3

7.8

8.5

0.8

Visor

100 lbs.

5.5

0.2

7.8

0.2

-

12.6

-

Wulpak

67 g/1-gal

9.2

179 g/3-gal

-

61.0

-

22.8

-

38.8

51.8

12.3

40.7

0.0194

0.4543

.0001

0.0642

Weedy control
Contrasts:
Cyclic verses
traditional irrigation
Z

Prostrate spurge was sown in 1-gallon containers.
Large seeded crabgrass was sown in 3-gallon containers.

Y
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Effect of Arcillite on Chrysanthemum Production and
Nutrient Discharge from Containers
Christopher J. Catanzaro and Brenda M. Baird
Tennessee State University, Cooperative Agricultural Research Program
Nashville, TN 37209
Index Words: fertilization, substrate, water quality
Nature of Work: Arcillite is a montmorillonite and illite clay processed at a
high temperature to stabilize pore structure (3). Arcillite has been used for
many years as a substrate for studies in which root systems must be
recovered without damage or substrate adherence (1, 2, 4). More recently,
arcillite has been promoted as an amendment to other substrates, since
heterogeneous formulations offer the combined advantages of their
components. When arcillite was added to gravel/vermiculite and pine bark
substrates, available water holding capacity was increased (3, 6). Substrate
ammonium, phosphorus and potassium concentrations also increased with
increasing arcillite, suggesting that arcillite improved nutrient retention (6).
In another study with arcillite, growth of ‘Carolina Sapphire’ smooth Arizona
cypress was maximized at a relatively low concentration (20 ppm) of
nitrogen (5). Since discharge of excess nutrients from container-grown
plants into groundwater is an ongoing concern, this study was conducted to
determine whether arcillite would increase the nutrient holding capacity of
the substrate, thereby reducing nutrient discharge with irrigation.
Rooted cuttings of ‘Dark Bronze Charm’ chrysanthemum [Dendranthema
x grandiflorum (Ramat.) Kitamura ‘Dark Bronze Charm’] were grown in
15 cm (6 inch) azalea containers (4 cuttings/container) according to
standard commercial practices in a glass greenhouse. A peat- based
commercial substrate (Fafard 2, Conrad Fafard Inc., Agawam, MA) was
used alone or amended with 10 or 20% (v/v) (0, 100, 200 lb/yd3) arcillite
(Turface MVP, AIMCOR Consumer Products, Buffalo Grove, IL). Plants
were laid out in a randomized complete block design with 6 replications.
All plants received a topdressing of 12 g (0.4 oz) Osmocote 14-6.0-11.6
(14-14-14, 3-4 mo.) controlled release fertilizer (The Scotts Co.,
Marysville, OH) at potting. Containers were irrigated when they dropped
to 40% of container capacity (determined by weight), and sufficient water
was applied to ensure 20% excess at each irrigation. Container leachate
was collected (at each irrigation for the first 2 weeks and once per week
thereafter) and analyzed for electrical conductivity and pH. Final growth
data, which included plant size and weight data and a visual rating of
flowering, was collected 10 weeks after potting.
Results and Discussion: Flowering of the finished crop and plant width
were comparable among the substrates tested. However, shoot dry
weight was reduced when arcillite was incorporated into the substrate,
and plant height was reduced at the higher rate of arcillite. For plants
without the arcillite amendment, nutrient discharge levels [determined by
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electrical conductivity (EC)] decreased gradually during the first five
weeks of the crop growth cycle and then became constant. At day 7, EC
readings were up to 40% lower when the substrate included arcillite.
However, the trend was reversed during weeks 5 through 9, with EC
readings up to 50% higher with arcillite incorporation. This suggests that
arcillite can adsorb nutrients early in the growth cycle and subsequently
desorb them. As solubilized nutrients pass through the substrate with
irrigation, those nutrients not absorbed by crop roots can be adsorbed
by arcillite and stored for use later in the crop production cycle. Trends
for pH of leachate were inversely correlated with those for EC.
In previous studies with arcillite, growth was maximized using either
liquid or controlled release fertilizers (5, 6). Regardless of nutrient
application method, nutrient concentrations in the soil solution must be kept
at relatively constant and adequate levels to meet nutrient demand of the crop.
Results suggest that arcillite may have competed with plant roots for uptake of
macronutrients during the first half of the production cycle, when adequate
nutrient levels are crucial to maximize vegetative growth of chrysanthemum.
Significance to Industry: Data suggest that arcillite incorporated at low
rates into a peat-based substrate may reduce discharge of nutrients from
container-grown chrysanthemums without decreasing plant quality. Arcillite
buffers against nutrient discharge in container leachate when nutrient supply
exceeds demand. Efforts to buffer nutrient holding capacity of substrates along
with prudent fertilization and irrigation practices will protect water resources.
Literature Cited:
1. Doss, R.P., J.L. Paul, and C.I. Lee. 1976. Retrieval of plant root systems
from calcined shale potting medium. HortScience 11:574-575.
2. Hiller, L.K. and D.C. Koller. 1979. Potato growth responses in arcillite
and sand. HortScience 14(4):534-536.
3. Jaeger, C.H., H. Hellmers, and I.D. Teare. 1981. An improved medium
for nutriculture incorporating arcillite. HortScience 16(2):176-177.
4. McCown, B.H. 1974. A new technique with high potential usefulness in
root physiology and plant nutrition studies. HortScience 9:296 (Abstr.).
5. Stubbs, H.L., S.L. Warren, F.A. Blazich, and T.G. Ranney. 1997.
Nitrogen nutrition of containerized Cupressus arizonica var. glabra
‘Carolina Sapphire’. J. Environ. Hort. 15(2):80-83.
6. Warren, S.L. and T.E. Bilderback. 1992. Arcillite: Effect on chemical and
physical properties of pine bark substrate and plant growth. J. Environ.
Hort. 10(2):63-69.
Acknowledgments: This study was conducted using USDA Evans-Allen
funds. The authors extend their appreciation to Yoder Brothers Inc., Barberton,
OH, for their donation of plant material for this study.
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Growth of Nursery Crops In Compost-Amended
Douglas-fir Bark
Sven E. Svenson, Julianna Buckelew, Betsy Becker and Jay Paxson
North Willamette Research & Extension Center, Oregon State University
15210 NE Miley Road, Aurora, OR 97002-9543
Index Words: Swine compost, Dairy compost, Pieris, Thuja, Vaccinium.
Nature of Work: In the Pacific Northwest, Douglas-fir bark is the primary
growing substrate component used by commercial nurseries. Some
Northwest growers use 100% Douglas-fir bark, while others incorporate
a small percentage of peat moss (5 to 20%). Increasing costs associated
with Douglas-fir bark and peat moss have growers considering routine use
of less expensive composts as growing substrate components. The
objective of this study was to compare the growth of nursery crops in
Douglas-fir bark amended with 10% or 20% swine or dairy compost.
Rooted cuttings of Pieris japonica ‘Mountain Fire,’ and potted liners of
Thuja occidentalis ‘Danica,’ and Vaccinium ‘Darrow’ were potted into #1
(2.5 liter) nursery pots filled with 100% Douglas-fir bark, bark amended
with 10% (by volume) swine compost, bark amended with 20% swine
compost, bark amended with 10% dairy compost, or bark amended with
20% dairy compost. Composts were supplied by Bion Technologies
(Denver, Colorado). After potting, plants were top-dressed with 18 grams
of Osmocote 18-6-12. Plants were placed on an uncovered gravel bed
in a randomized complete block design (n=12). Overhead irrigation was
adjusted to supply 3/4 -in of rainfall daily (on average, application volumes
varied based on available water pressure). The water source was well
water, having an EC of 0.3 (millimhos/cm) and a pH of 7.2 (seasonal
average). All plants were exposed to natural rainfall.
On 15 October, shoot height and size were recorded. Data were analyzed
for significant response to substrate treatment using ANOVA, with mean
separations using Least Significant Difference for individual comparisons.
Results and Discussion: The physical properties of the swine and dairy
compost-amended substrates were not different when compared at the same
percentage (data not shown). Composts generally increased the water holding
capacity, and reduced the air space, compared to the 100% bark substrate.

Pieris grown in dairy compost-amended bark were taller and had more
shoot size compared to 100% bark, but were shorter and had less shoot
size when grown in swine compost-amended bark (Tables 1 and 2).
Height and size of Thuja shoots were not influenced by compost amendments.
Vaccinium responded similarly to Pieris, but Vaccinium grown in dairy
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compost-amended bark were not taller or larger than those grown in
100% bark. Another study using dairy compost found no growth inhibition
or promotion compared to control substrates for Rhododendron (1).
Chemical differences between the swine and the dairy composts may
explain the growth inhibition of Pieris and Vaccinium. First, the high
levels of zinc and other minor elements (swine higher than dairy, data not
shown) may be individually or collectively toxic, or they may be sufficiently
high to induce a phosphorus deficiency symptom and growth inhibition
through competitive ion inhibition. Second, the higher calcium levels
(swine higher than dairy) may contribute to foliar chlorosis through a
calcium-induced manganese deficiency. Foliar analysis must be completed
to resolve the possibilities. Both possibilities have been reported with
mammalian waste-compost applied to soils or container growing substrates
(3, 4). High zinc levels appear to be a common concern in sludge
composts (2, 3, 4). Chang et al. (2) found a predictable relationship
between zinc concentrations in compost-amended soils and growth
inhibition of lettuce (Lactuca sativa) and bush bean (Phaseolus vulgaris).
Significance to Industry: Amending Douglas-fir bark with 10% or 20%
swine or dairy compost did not influence the growth of Thuja. Pieris and
Vaccinium shoot growth was inhibited when swine compost was used as an
amendment, possibly due to heavy metal toxicity or nutrient imbalances.
Dairy compost did not inhibit the growth of any of the plants studied.
Acknowledgements: The authors thank Fall Creek Farm and Nursery,
Monrovia Growers and Mitsch Nursery for support of this study. The
authors thank Thirza Collins, Alison Henderson, Claudia Beville, Kathy
Sanford, and Andy Nagy for technical assistance with this research.
Literature Cited:
1. Bradley, M.E., M.H. Glass and T.E. Bilderback. 1996. Dairy cow
compost as a potting substrate for growing hybrid rhododendrons.
HortScience 31(5):753.
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Bugbee, G.J., C.R. Frink and D. Migneault. 1991. Growth of perennials
and leaching of heavy metals in media amended with a municipal leaf,
sewage sludge and street sand compost. Jour. Environ. Hort. 9(1):47-50.
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Journ. Environ. Qual. 21:521-536.
4. Devitt, D.A., R.L. Morris and D.C. Bowman. 1991. Response of
periwinkle to composted sewage sludge used as a soil amendment.
Jour. Environ. Hort. 9(4):176-181.
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Table 1. Influence of substrate on shoot height of Pieris japonica ‘Mountain Fire,’ Thuja occidentalis ‘Danica,’ and Vaccinium ‘Darrow.’

Substrate1

Shoot height (cm)
Pieris
Thuja

Vaccinium

100% bark
10% swine compost
20% swine compost
10% dairy compost
20% dairy compost

8.5 b2
7.6 b
5.6 c
10.5 a
10.9 a

45.2 a
40.3 b
41.7 b
46.2 a
50.3 a

18.2 a
19.6 a
19.7 a
18.6 a
19.3 a

1

Unfertilized Douglas-fir bark, or Douglas-fir bark amended with 10% or 20%
(by volume) swine compost, or 10% or 20% (by volume) dairy compost.
2

Means in columns followed by the same letter are not significantly
different (LSD, 5% level).

Table 2. Influence of substrate on shoot size of Pieris japonica ‘Mountain
Fire,’ Thuja occidentalis ‘Danica,’ and Vaccinium ‘Darrow.’

Substrate

1

100% bark
10% swine compost
20% swine compost
10% dairy compost
20% dairy compost

Shoot size2
Pieris

Thuja

Vaccinium

8.4 b3
7.7 b
5.3 c
11.0 a
11.1 a

18.3 a
19.7 a
19.9 a
19.2 a
19.3 a

42.2 ab
37.2 c
38.4 c
41.8 b
44.2 a

1

Unfertilized Douglas-fir bark, or Douglas-fir bark amended with 10% or 20%
(by volume) swine compost, or 10% or 20% (by volume) dairy compost.
2

[(shoot height + average shoot width)/2].

3

Means in columns followed by the same letter are not significantly
different (LSD, 5% level).
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Coppicing as a Means of Increasing Regular Growth in
Chinese Pistache
Melissa R. Miles, Jeff L. Sibley, Gary J. Keever, Charles H. Gilliam
Auburn University, AL 36849
Index Words: Pistacia chinensis, Chinese pistache, coppice, container
production
Nature of Work: Chinese pistache (Pistacia chinensis) are landscape
trees valued by many homeowners for their small size, round-headed
shape, fine texture, and striking fall color. The primary non-ornamental
use for Chinese pistache is as a rootstock for the edible pistachio nut
tree, P. vera. Interestingly, few growers have found success budding or
grafting ornamental selections of pistache. Consequently, pistache for
ornamental purposes are grown from seed, and growers must contend
with doglegs, spindly trunks, and irregular early growth. This study was
conducted to determine the usefulness of coppicing (a severe cut-back,
forcing new growth at the soil line) as a technique for increasing straight,
regular trunk growth, and improving overall growth rate of young pistache.
Trees used in this study were grown from seed and purchased as Root
Maker plugs from Rennerwood Nursery in Tennessee Colony, Texas.
Plants were grown for two years in three-gallon containers under standard
nursery conditions. Container substrate was a 6:1 pine bark: sand (by
vol) amended with 16.6 pounds of Osmocote 18-6-12, 5 pounds of
dolomitic lime, and 1.5 pounds of Micromax per cubic yard.
From November 1999 to April 2000, 24 plants were randomly selected
from a block of 500 trees each month and coppiced to 2 inches above
the soil line. Stem diameter for all trees averaged 3/4 inches at the point
of the cut. No consideration was given to the presence or absence of
visible buds on the trunk. A single dominant leader was selected for each
plant in all treatments with other sprouts removed May 22 and again July
28. Six months after the final treatment and after the first frost of the fall,
plants were examined for mortality rate per treatment and average plant
height for living trees.
Results and Discussion: Trees coppiced in November showed a
mortality rate of 29% with an average height of 1.9 feet (data not shown).
The trees coppiced in December and January showed mortality rates of
50% and 46% with average heights of 2.2 feet and 2.3 feet, respectively.
Trees coppiced in February presented a mortality rate of 38% with
heights averaging 1.9 feet. The trees coppiced in March and April
showed mortality rates of 33% and averaged heights of 1.5 and 1.6 feet.
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While mortality rates ranged from 29 to 50 percent, the trees used in this
study initially did not have acceptable form for landscape use and were
destined for the compost pile prior to coppicing. Following coppicing, all
viable trees were considered marketable, with straight, strong trunks.
Our data indicated that Chinese pistache trees coppiced in November
had higher survival rates than all other months with greater height growth
than March and April and similar height growth by the end of the growing
season to trees pruned in December, January and February. The greatest
losses occurred in December and January with overall height growth for
survivors similar to November and February but greater than March and
April cutbacks. Further evaluations on field and container grown trees
with larger diameter are warranted.
Significance to Industry: Since Chinese pistache have become
increasingly popular with homeowners, nursery growers have contended
with the trees’ irregular early growth and crooked trunks. This research
suggests that coppicing young Pistacia chinensis trees in late fall or early
spring may be an effective way to increase the number of straight trunks
and marketable trees.
Literature Cited:
1. Dirr, M.A. 1998. Manual of woody landscape plants. Stipes
Publishing, Champaign, IL
2. Dunn, D.E. and J.C. Cole. 1995. Propagation of Pistacia chinensis
by mound layering. J. Environ. Hort. 13:2, 109-112.
3. Leiser A.T., R.W. Harris, P.L. Neal, D. Long, N.W. Stice, and R.G.
Maire. 1972. Staking and pruning influence trunk development of
young trees. J. Amer. Soc. Hort. Sci. 97: 4, 498-503.
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Greenhouse Production of Liriope and Monkeygrass
Catherine Broussard*, Ed Bush, Ann Gray, and Pat Hegwood
LSU Agricultural Center, Burden Center, Baton Rouge, LA 70809
Index Words: Fertilization, Liriopogons, Fertigation, Controlled release fertilizers
Nature of Work: Lilyturf is one of the most versatile groundcovers that
can be grown in the Southern U.S. Because of this popularity, growers
are looking for efficient methods of propagating lilyturf bibs in containers.
Container medium requires supplemental fertilizer until plants become
established in the landscape (3).
A satisfactory feeding program for growing liners is to incorporate a slow
release fertilizer (preplant) in the medium with (postplant) fertigation
applied at frequent intervals during the growing season or with controlled
release fertilizers added as top treatment as needed (1). Though many
soilless mixes have Ca, Mg, P, S, N, K and some micronutrients incorporated as
a preplant fertilizer, N and P must be applied to the crop during production.
Nitrogen fertilization increases foliage production, particularly leaf
numbers, plant height and fresh weight (4). Phosphorous fertilization
has a strong influence on foliage growth, especially the number of
leaves. The objective of this study was to determine what effect varying
rates and regimes of controlled release fertilizer and liquid fertilizer would
have on the production of lilyturf bibs.
The experiment was performed at Burden Center in Baton Rouge, LA.
Nine fertilization treatments of controlled release fertilizer (CR) and liquid
fertilizer (LF) and 4 liriopogons (undifferentiated Liriope and Ophiopogon
sp.) were used in the study. The fertilizer treatments were: 1) No fertilizer
(control); 2) LF 1x/wk 450 ppm N; 3) LF 3x/wk 150 ppm N; 4) CR-low
rate (lr); 5) CR-medium rate (mr); 6) CR-high rate (hr); 7) LF 3x/wk
150 ppm N+ CRlr; 8) LF 3x/wk 300 ppm N+ CRmr, and 9) LF 3x/wk
450 ppm N+ CRhr. Species in the study were Aztec Grass, Big Blue,
Evergreen Giant, and Spicata. Two bibs were planted into 4 inch plastic
nursery containers on February 14, 2000. Osmocote® 14-14-14 was
incorporated at low (3 lbs N/yd3) (CRlr), medium (6lbs N/yd3) (CRmr),
and high (12lbs N/yd3) (CRhr) rates. Dolomitic lime was incorporated at
8lbs/yd3, and Micromax® at 1.5 lbs/yd3 to a 90% pine bark, 10% sand
mix. LF used was Peters® 20-20-20 at 150 ppm, 300 ppm, and 450 ppm
N. Plants were arranged in a RCBD with 10 replications and hand watered
per regime in the greenhouse. Visual quality was rated on a scale of 1-10
(1=dead; 5.0=commercially acceptable; 10=dark green healthy plants) and
were based on the overall appearance and growth habit of the plant.
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Height (cm), root weight (g) and shoot weight (g) was measured to obtain
growth rate differences. On May 30, 2000 plants were harvested and
dried at 60°C for 48 hours and weights were recorded. Tissue was
ground and analyzed for nutrient content. Data was analyzed using
General Linear Models Procedure. Treatment means were separated by
Duncan’s Multiple Range Test (p≤0.05).
Results and Discussion: Aztec Grass root weight was significantly
higher with no fertilization than with the highest rate of fertilizer (Table 1).
Height showed significance in treatments with LF (150 ppm N 3x/wk) +
CRlr and LF (300 ppm N 3x/wk) + CRmr over no fertilizer. Aztec Grass
had significantly more N and P with LF (3x/wk 450 ppm N) + CRhr, LF
(3x/wk 300 ppm N) + CRmr, LF (3x/wk 150 ppm N) + CRlr, and LF (1x/
wk 450 ppm N) than the control.
Big Blue height was increased for the LF (3x/wk 450 ppm N) + CRhr over
all other treatments (Table 2). Plant quality was significantly higher for all
three LF + CR combinations over the control. There were significant
increases in N and P with both LF and LF + CR fertilizer combinations
over the control.
Evergreen Giant height showed significant increases in all of the single
and combination fertilizers compared to no fertilizer (Table 3). Plant
quality showed significant increases using CRhr, LF (3x/wk 300 ppm N) +
CRmr and LF (3x/wk 450 ppm N) + CRhr over no fertilizer. N was
significantly higher in the two highest LF + CR combinations and the LF
(1x/wk 450 ppm N) over no fertilizer.
Spicata showed a significant increase in shoot weight for LF (3x/wk 300
ppm N) + CRmr over the CR and no fertilization (Table 4). Height and
plant quality were positively influenced by all combinations of LF + CR
and LF (1x/wk 450 ppm N) over all CR and no fertilizer. Highest levels of
N were found in LF (3x/wk 450 ppm N) + CRhr, LF (1x/wk 450 ppm N),
and LF (3x/wk 300 ppm N) + CRmr over CR and no fertilizer. P was
highest in all combinations of LF + CR and in LF and CRhr.
In this study root weight and shoot weight were not influenced by any
treatments over the control. Plant height, quality, N and P were the most
influenced by all combinations of LF + CR and LF alone over any of the
CR rates of fertilization. LF (1x/wk 450 ppm N) was statistically similar to
and sometimes greater than LF (3x/wk 150 ppm N). It would appear that
fertilization with LF alone or in combination with CR increased height and
quality. As expected, CR fertilization alone showed improved height and
plant quality than no fertilizer.
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Significance to Industry: Increased demand for lilyturf as a
groundcover has encouraged growers to look for the most efficient
fertilization rates and regimes to expedite production. This research
shows that although CR alone produces a commercially acceptable
plant, LF+CR at high rates consistently improves the height and quality
of the plant produced. Leaf tissue nutrition levels were within acceptable
range for all cultivars for the essential elements (2).
Literature Cited:
1. Gilliam, C.H. and Dr. Elton M. Smith. 1980. How and when to
fertilize container nursery stock. American Nurseryman 151 (2) 7,
117-127.
2. Mills, Harry A., and B. Jones. 1991. Plant Analysis Handbook II.
MicroMacro Publishing, Inc.
3. Hartmann, H. T., D. E. Kester, and F. D. Davies, Jr. 1990. Plant
Propagation: Principles and Practices, 5th ed.
4.

Thomas, M., S. Matheson and M. Spruway. 1998. Nutrition of container
grown Freesias. Journal of Plant Nutrition 21 (12), 2485-2496.
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Supra-optimal Temperature Effects on Growth of Gaillardia
Melyssa K. Davis Vige and Jeff S. Kuehny
Louisiana State University, Dept. of Horticulture,
137 Julian C. Miller Hall, Baton Rouge, LA 70803-2120
Index Words: Gaillardia grandiflora ‘Goblin’, supra-optimal temperatures,
plant growth rate.
Nature of Work: Gaillardia grandiflora Foug.‘Goblin’ is an herbaceous
perennial, that is commonly grown in the southern United States because
of ease of culture, tolerance to heat, and long blooming season (Armitage,
1989). One of the major factors that influence plant development is
exposure to high spring and summer temperatures. The variation in
temperature throughout a plants life cycle is critical to vegetative and
reproductive growth. High temperatures often cause early decline of
perennial resulting in a life cycle similar to that of annuals. Plant decline
and inhibition of growth under supraoptimal temperatures are a result of
such temperatures on many physiological and developmental processes
within the plant (Ranney, 1997). Determining how heat stress effects various
aspects of the perennial life cycle, including the specific characteristics and
mechanisms that influence heat tolerance and sensitivity, could provide
information for improved growth and performance of these perennials in the
industry and for consumers. The objective of this experiment was to determine
the effects high temperature combinations (30, 35 and 40%C) on the
growth of Gaillardia grandiflora ‘Goblin’ over a seven month growing period.

Gaillardia were planted in one gallon (2500mL) containers from 72 cell
plug trays (2.5mL). The media consisted of a 7:2:1 pine bark: peat moss:
perlite and was amended with 8lbs/yd3 (4.76 kg/m3) dolomite, 1lb/yd3
(0.595 kg/m3) Ca(NO3)2, 3lbs/yd3 (1.785 kg/m3) super phosphate
and1.5lbs/yd3 (0.8925 kg/m3) Micromax. The plants were fertigated
throughout the experiment with 100mg/L 15N-2.2P-12.4K (15-5-15 Cal
Mg, Scotts-Sierra, Marysville, OH).
Gaillardia plants were randomly assigned to three separate greenhouse
environments immediately after planting on 17 March 2000. The mild
temperatures treatment (MTT) greenhouse was set at a temperature of
30 °C (85.7° F), the warm temperature treatment (WTT) greenhouse
35°C (94.9°F) and the hot temperature treatment (HTT) greenhouse
40°C (103.7°F). All greenhouses had a night temperature set point of
25°C (76.9°F). After the initial month of treatment, groups of five plants
were moved from the MTT into the WTT or HTT on a monthly schedule
(30 days), while one group of five plants remained in their initial temperature
treatment as control groups. The roots and shoots of these plants were
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harvested on a monthly basis to determine effects the high temperatures
on growth and development throughout the seven month experiment.
Crop growth dynamics were determined by using a regression analysis.
The standard errors were determined for each month and treatments for
all parameters. This was used to run t-test at a 0.05 probability to
determine significant differences. From the t-test growth curves were
created for the shoots, roots and whole plant. The plant growth rate (PGR) is
defined as the increase in dry matter accumulation per day and is measured as
grams of dry weight accumulated per gram of dry weight of the plant per day.
Results and Discussion: The shoot, root and total dry matter of Gaillardia
control plants grown under MTT and WTT displayed a “classic”sigmoidal
S growth curve (Fig. 1 A, B and C) (Loomis and Conner,1992). Slow
growth occurred during the early developmental phase, thereafter an
increased exponential growth rate. The growth rate reached a peak as
the plant entered the senescence phase and plant growth slowed.
Growth of Gaillardia under the HTT was slow in the early development
phase, similar to the MTT and WTT, however growth was reduced
through the remainder of the experiment. Based on these results, the
temperatures of the WTT and MTT (30% and 35%C respectively) were
acceptable for normal growth of Gaillardia. The HTT (40%C) however,
was deleterious to plant growth after the second month (60 days) of the
imposed treatment. Thus temperatures below 40%C are acceptable for
normal growth of Gaillardia.
The effect of increased temperature on shoot growth dynamics of
Gaillardia was significant after 120 days, at which time plants moved
from MTT to HTT had a significantly lower shoot growth rates (PGRS)
(Fig. 2A) . Plant growth rate of roots (PGRR) however was significantly
affected by supraoptimal temperatures earlier in growth (Fig. 2B). Where
the HTT significantly reduced PGRR to 0 after day 60. This was also
indicated by low root dry weight of the control plants grown in the HTT
(Fig 1B). These data also indicate that root growth of Gaillardia slowed
exponentially as the plant matured (after day 120). Thus the maintenance
of shoot growth appears to be at the expense of root growth regardless
of temperature. High root zone temperatures of plants grown in black
containers absorbing heat can also retard root growth and decrease
photosynthesis at temperatures greater than 86%F/ 30%C (Mathers, 2001).
Significance to Industry: Plant growth rate of total dry matter (PGRTDM)
(Fig. 2C) reinforced the data that indicated an S growth curve (Fig. 1C)
for Gaillardia grown at temperatures below 40%C, with HTT having the
most adverse effect on whole plant growth and finally plant senescence
for all treatments by day 120 (Fig 2C). Thus temperatures below 40%C
are acceptable for normal growth of Gaillardia.
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The Effects of Leaching Fraction and Fertilizer
Concentration on Euphorbia pulcherrima ‘Freedom Red’
Melyssa K. Davis Vige*, Edward W. Bush, Jeff S. Kuehny
LSU Dept. of Horticulture,137 J.C. Miller Hall, Baton Rouge, LA 70803
Index Words: Leaching fraction, irrigation management, water-holding
capacity
Nature of Work: Determining minimal concentrations of fertilizer and
water quantity required for optimal growth and development is important
to reduce fertilizer buildup in soilless media and fertilizer runoff. Removing
excess salt to prevent high salinity levels is one benefit of leaching the
media. However, leaching of containers has been questioned because
of excess water usage and fertilizer and pesticide contamination of
groundwater (1). It is important to determine the optimum amount of
fertilizer and leaching rate required to minimize fertilizer usage and
produce marketable poinsettias. The leaching fraction (LF) is defined as
[volume of solution leached ] / [volume of solution applied to the crop].
The recommended LF for media of container grown plants using overhead
irrigation is ~0.1 (5), but if drip irrigation is used it is not uncommon for
growers to have a LF >0.4 (2). Different combinations of both leaching
fraction and fertilizer concentration can lead to similar media N concentrations
even when the fertilizer N concentration remains unchanged (3).
Commercial poinsettia fertilizer recommendations range from 200 to
400ppm N (14.3 to 28.6 mol N/m3 ), applied at every irrigation (8).
Yelanich and Biernbaum (1993) also found that LFs above 35% along
with water-soluble fertilizer concentrations above 200ppm N (14 mol N/
m3 ) were required to maintain adequate root-medium nutrient levels.
Important factors in determining the amount of nutrients available to the
plant are volume and concentration of fertilizer applied, along with the
volume of leachate (6). If the proper LF and FC is used in pot plant
production the amount of leachate can be minimized.
The objective of this experiment was to investigate how leachate fraction
and fertilizer concentration influence the overall growth of poinsettias
(Euphorbia pulcherrima). This study differs from previously mentioned
studies in that the LF was based on the water holding capacity of the
media and adjusted accordingly throughout the experiment.
‘Freedom Red’ poinsettia was grown in a polyethylene greenhouse
where an average minimum and maximum temperatures were 62/88˚F.
The experiment was conducted in Baton Rouge, Louisiana at the Louisiana
State University Hill Farm teaching facility. A 3 x 3 factorial of three
fertilizer concentrations (75 ppm, 150 ppm, and 300 ppm N) and three
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leaching percentages (0, 0.20, and 0.40 LF) was applied to the poinsettias
for a total of 9 treatment combinations. The experiment was a completely
randomized design with 7 replications. The fertilizer treatments were
applied by drip irrigation using 15N- 1.1 P- 6.15 K a water- soluble fertilizer
15-5-15 (Sierra Chemical Co. Milpitas, CA). ‘Freedom Red’ poinsettia
liners were planted on 9 Sept. 1999 in 6” standard plastic pots (1.4 L).
Plants were pinched to six nodes on 23 Sept. 1999. The medium used was a
pine/peat/perlite mix (Ball Seed Company, Chicago, IL). The percent porosity
was 69%, the percent air space was 15%, and the water holding capacity
was 53%. Leaching fractions were based on the water holding capacity.
The plants were irrigated daily using a weighted drip emitter. On 18 Oct.
1999 the media was saturated and after 24 hours, drip irrigation application
time (IAT) required to saturate the media with a 0% leaching rate was
recorded. This time was used to calculate the IAT required for the 20%
and 40% leaching rates. These IATs were continued to termination of the
experiment 29 Nov. 1999. On each Tuesday and Friday leachate volume
was collected from six replications and output volume of the emitter was
recorded. On 5 Nov. 1999 and 26 Nov. 1999, pH and EC were recorded.
The fertilizer concentration EC was 0.5 for 75ppm, 1.0 for 150ppm, and
3.0 for 300ppm. Fertilizer concentration pH was 7.5 at 75ppm, 6.9 at 150ppm,
and 6.2 at 300ppm. The experiment was terminated on 29 Nov. 1999 and the
growth index, dry weight, pH, EC, leaf and bract color (Minolta Chroma
Meter CR-300, Ramsey, NJ) of plants in each treatment was measured.
Results and Discussion: The results of the experiment indicate
significant effects of leaching fraction and fertilizer treatment on the
growth and development of ‘Freedom Red’. Shoot dry weight increased
for leaching fraction between 0% and 20%, while there was no significant
increase in dry weight between 20% and 40% (Table 1). Therefore,
using a 20% LF would provide adequate poinsettia growth and a decrease
in off-site runoff compared to the 40% LF. These results concur with
findings published by Yeager et al. (1997). Bract dry weight and total dry
weight increased for leaching rate, similar to that of the shoot dry weight.
Leaching fraction and fertilizer concentration had no significant effects on
root dry weight. The growth index increased linearly as the fertilizer
concentration increased. There was a significant decrease in media pH
as the fertilizer concentration increased. Media EC levels significantly
increased with increasing fertilizer concentrations (Table 2).
Fertilizer concentration had a significant effect on the color of the poinsettia
leaves. The 300ppm treatment had significantly greener leaves compared
to the 75ppm and 150ppm treatments (Table 3). Leaching fraction had no
effect on the poinsettia leaf color. There were no significant effects on bract
color (red) for leaching fraction or fertilizer concentration (data not shown).
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Significance to Industry: Production of quality ‘Freedom Red’ poinsettias
can be accomplished by using reduced fertilizer levels (75 ppm) and low
leachate fractions (4). The best management practices guide suggests
that for nursery container plants the water volume passing through the
container at each irrigation should not exceed 25% of water applied to
substrate surface. However growers often exceed leaching fractions of
>0.4 during the production of nursery and greenhouse crops. The
minimum fertilizer treatment of 75ppm and 20% LF in this study is
recommended for production of a marketable poinsettia. Using this
recommendation growers could save money and reduce usage of
fertilizer and water when growing ‘Freedom Red’ poinsettias.
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Table 1: The Effects of Leaching Fraction (LF) on Poinsettia Dry Weight
Measurements (g).
Leaching
Fraction

Root Dry
Weight

Bract Dry
Weight

0% LF

1.49 bz

5.83 b

6.11 b

13.43 b

20% LF

1.54 a

6.48 a

6.87 a

14.89 a

40% LF

1.73 a

6.52 a

7.24 a

15.49 a

Shoot Dry
Weight

Total Dry
Weight

z

Means within columns followed by the same letter are not significantly
different at P=0.05 by Duncans.

Table 2: The Effects of Leaching Fraction (LF) and Fertilizer Concentration
(FC) on pH and EC of Growing Media.
Leaching Fraction

pH

0% LF
20% LF
40% LF

6.66 a
6.64 a
6.67 a

Fertilizer Concentration

EC
z

1.67 a
2.23 a
2.12 a

pH

75 ppm FC
150 ppm FC
300 ppm FC

7.24 a
6.66 b
6.07 c

EC
z

0.72 c
1.41 b
3.89 a

z

Means within columns followed by the same letter are not significantly
different at P=0.05 by Duncans.

Table 3: The Effects of Fertilizer Concentration on Poinsettia Leaf Color.
Fertilizer Concentration

Mean Color (green)
1.14 az
1.06 b
1.01 b

75 ppm FC
150 ppm FC
300 ppm FC
z

Means followed by the same letter are not significantly different at
P=0.05 by Duncans.
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Landscape Performance of Annuals Grown with Paper
Pellet Filters in the Bottom of Containers
J.S. Glenn, C.H. Gilliam, J.H. Edwards, G.J. Keever, and P.R. Knight
Department of Horticulture, Auburn University, AL 36849
Index words: Nitrate, Ammonium, Urban Pollution.
Nature of work: In the recent years the issue of non-point pollution in
urban environments became increasingly urgent due to greater
awareness of the over-fertilization impact on water quality. Carpenter
et al. (1) stated that non-point nitrogen (N) and phosphorus (P) pollution
of surface waters is primarily derived from agriculture and urban activity.
After ten years of monitoring water quality in Martinicky and Sedlicky
brooks (Czech Republic) Holas and others (2) concluded that the only
critical pollutants of the area were nutrients (N and P) originating from
both urban and agricultural sources. Despite the evidence of nutrient
leaching from urban landscapes, landscape maintenance professionals
continue to over-fertilize newly transplanted ornamentals. Even when
controlled-release fertilizers are used, the peak release occurs within the
first couple of weeks after application, when damaged root systems are
unable to absorb nutrients.
This study evaluated the possibility of using recycled paper products in
the bottom of nursery containers as nitrogen filters and a secondary
source of nitrogen when plants are transplanted into the landscape.
Uniform liners of vinca (Catharanthus roseus L.) ‘Pretty in Rose’,
Begonia x semperflorens-cultorum Hort. ‘Vodka’, Ageratum
houstonianum Mill. ‘Hawaii Blue’, marigold (Tagetes patula L.) ‘Orange
Boy’PVP and salvia (Salvia splendens Sellow ex Roem. & Schult) ‘Red
Pillar’ were transplanted on April 13, 2000 into 2.8-liter (trade gallon)
containers using a pine bark/sand substrate (7:1, by vol.) amended with
3.0 kg (5 lb) dolomitic limestone and 0.6 kg (1.0 lb) Micromax per m3
(yd3). Treatments included paper in the bottom of containers (+ or -), and
fertilization with 2 rates of Osmocote 18-6-12 [6 or 9 kg/m3 (10 or 15 lb/
yd3)] in a 2x2 factorial design. Recycled paper pellets were placed in the
bottom of containers to the depth of 2.5 cm (1 in), based on weight [180
g (6.3 oz)], and containers were filled with equal amounts of substrate.
Plants were grown in the nursery with overhead irrigation for 8 weeks,
then transplanted into simulated landscape beds. Data collected
included NO3-N and NH4-N leachate levels 1,3,6, and 8 weeks after
beginning the experiment (WAB), quality ratings 18 WAB, and destructive
sampling 8 and 18 WAB for shoot dry weight determination.
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Results and Discussion: Leachate NO3-N levels were reduced by
paper pellets 1 WAB (34% lower when compared to treatments without
paper) (Table 1). Similar results were obtained with NH4-N levels, where
paper reduced NH4-N leachate levels 6 WAB and lower fertilizer rate
reduced NH4-N leachate levels 8 WAB. These results generally contrast
previous work done by authors, since previous studies showed greater
reductions in N leaching (50 to 80%). In this study fresh bark was used
for container substrate. Fresh bark with higher C:N ratio could tie up a
large portion of the total N incorporated in the substrate, which may
explain a sharp decline in N leaching levels after 3 WAB, as well as mask
some of the effects of paper pellets in the bottom of containers.
Immediately preceding transplanting into the landscape shoot dry weight
of all species except vinca was reduced by lower fertilizer levels, however,
only shoot dry weight of vinca was affected by paper in the bottom of the
containers (Table 2). After growing in the landscape for 10 weeks all
species outgrew the negative effects of lower fertilization (Table 2).
However, paper in the bottom of containers continued to affect shoot dry
weight of vinca and reduced shoot dry weight of begonia at 18 WAB.
Quality ratings of begonia, marigold, and salvia were reduced with paper
in the bottom of containers 18 WAP (data not shown).
Significance to Industry: These data show that paper in the bottom of
containers may affect growth and/or quality of certain annual ornamental
species. In our experiment only ageratum had the same quality and
shoot dry weight when grown with or without paper in the bottom of
containers. Growth and/or quality of other annual species were
reduced when paper pellets were placed in the bottom of containers.
We recommend using paper in the bottom of containers for lowering
leachate N concentrations when growing ageratum, however, additional
research is necessary to determine which annual species can tolerate
paper filters in the bottom of containers. Based on our research, paper
in the bottom of containers did not provide additional nutrition to
transplanted annuals.
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Table 1. Container leachate NO3-N and NH4-N levels, as affected by
fertilizer rate and paper in the bottom of containers.
NO3-N (mg•L-1)
Treatments
1z
3
6
8
y
Fertilizer (F)
low
16.8a
1.6a
1.8a
2.2a
high
22.3a
3.2a
3.2a
6.4a
Paper (P)

yes
no

PxF
Treatments
Fertilizer (F)

Paper (P)

low
high

15.6b
2.0a
23.5a
2.8a
NS
NS
NH4-N (mg•L-1)
1
3
7.8a
1.1a
12.1a
1.6a

1.5a
3.6a
NS

4.8a
3.7a
NS

6
1.0a
1.7a

8
1.7b
3.9a

yes
no

7.9a
1.2a
0.8b
3.0a
12.0a
1.5a
1.9a
2.6a
PxF
NSx
NS
NS
NS
z
Weeks after beginning of the experiment
y
Mean separation within main effects by Duncan’s multiple range test, P = 0.05.
x
NS indicates a non-significant response

Table 2. Shoot dry weight of annuals.
Shoot Dry Weight (g)
Treatments
8 WABz
Ageratum Begonia Marigold
y

Vinca

Salvia

Fertilizer (F)

low
high

7.6b
15.1a

3.4b
6.7a

9.9b
18.2a

6.8a
8.9a

1.7b
4.5a

Paper (P)

yes
no

FxP

9.3a
13.4a
NSx

5.2a
5.9a
NS

11.9a
16.2a
NS

6.1b
10.0a
NS

2.5a
3.7a
NS

Treatments

Ageratum

18 WAB
Begonia

Marigold

Vinca

Salvia

Fertilizer (F) low
high

59.2a
57.5a

22.0a
24.9a

100.7a
106.1a

74.8a
84.8a

13.8a
16.5a

Paper (P)

yes
no

51.2a
18.2b
87.1a
69.3b 14.8a
66.0a
30.0a
120.3a
90.6a 15.5a
FxP
NS
NS
NS
NS
NS
z
Weeks after beginning of the experiment
y
Mean separation within main effects by Duncan’s multiple range test, P = 0.05.
x
NS indicates a non-significant response
146

