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Evaluation of Phlox paniculata L. Cultivars for
Susceptibility to Powdery Mildew
Erin Taylor, Richard Cartwright, James Robbins,
Gerald Klingaman, and Jon Lindstrom
University of Arkansas, Dep. of Horticulture
Fayetteville, AR 72704
Index Words: Phlox paniculata L., Garden Phlox, Erysiphe
cichoracearum L., Powdery Mildew
Nature of Work: Powdery mildew is a serious disease of many plants
including garden phlox (Phlox paniculata L.). While powdery mildew
does not typically kill, it can weaken the plant and often is more severe
towards the end of the growing season. Several studies have been
conducted to evaluate the susceptibility of phlox cultivars to
powdery mildew; however, none has been conducted in south central
United States. The objective of this study was to screen 32 cultivars of
garden phlox for susceptibility to powdery mildew under field conditions
at Fayetteville, AR (USDA cold hardiness zone 6 and AHS heat zone 7).
P. paniculata plants were received from five different nurseries
(VanBloem Nursery, Alpharetta, GA; North Creek Nursery, Landenberg,
PA; De Varoomen Holland Bulb Company, Russell, IL; River Bend
Nursery, Riner, VA; and Van Hoorn Nursery, Marengo, IL) in January
through March of 2000. Plants were received as rooted cuttings or as
bare roots from the field. Plants were transferred to 10.6-cm-diameter
pots containing Sungrow (Pine Bluff, AR) Strong- Lite Universal mix (pine
bark compost, peat, vermiculite, perlite) with an initial pH of 4.5. Potted
plants then were placed in a temperature-controlled greenhouse (1630ºC). Plants were fertilized with Scotts (Marysville, OH) Peters‚ liquid
fertilizer 20N-8.8P-16.6K at a rate of 150 ppm of N every two weeks for
maintenance purposes.
The field plot was established in June 2000 at the horticulture farm of the
University of Arkansas, Fayetteville. The plant bed was oriented north to
south. The Captina silt loam was tilled to a depth of 15 cm and 1.5 m
wide. Soil samples were taken 14 June 2000 and analyzed at the University of Arkansas Soil Test Diagnostic Lab and Agricultural Services
Laboratory in Fayetteville. Initial soil pH was 6.3.
Phlox plants were planted 15 cm from the edge of the 59-m bed on June
21. Each row contained three plants spaced at 45 cm on center. A
randomized complete block design was used. The bed was located in
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full sun and contained 10 replicates with 32 plant cultivars in each
replicate. Plants were exposed to only naturally occurring inoculum of E.
cichoracearum. No additional inoculum was provided. Plants were
watered as needed with drip tape. The drip tape provided 1.9 l of water
per hour. Beds were mulched with wood chips to a depth of 7.6 cm. At
planting, each plant was fertilized with 9 g of Scotts (Marysville, OH)
Osmocote‚ 14N-6P-11.6K. A second application of the same fertilizer and
rate was made on 25 August 2000. Plant stems were cut back to the soil
line during February 2001. Plants were fertilized again (same fertilizer
and rate) on 27 April 2001.
Data collection began on 30 April 2001. Plants were visually rated every
two weeks for the percent leaf area affected by powdery mildew. This
measurement was made by visually estimating total mildew coverage on
leaf tissue in relation to the total leaf surface area of the plant. Data
collection was terminated on 24 September 2001 due to plant deterioration.
Results and Discussion: A resistance rating was assigned to the
garden phlox cultivars based on the maximum percent leaf area affected
(Table 1). The 32 garden phlox cultivars evaluated in our trial separated
into six relative resistance categories. These resistance ratings represent
reactions under trial conditions and may not reflect active genetic resistance. Those cultivars that were very susceptible to powdery mildew in
our trial were: ‘Starfire’, ‘Little Princess’, ‘Mt. Fuji’, ‘Miss Universe’,
‘Andre’, and ‘Little Boy’ (De Varoomen source). Cultivars that were
resistant or very resistant to powdery mildew over the entire study were:
‘Red Magic’, ‘Blue Boy’, ‘Eden’s Crush’, ‘David’, ‘Darwin’s Joyce’, ‘Robert
Poore’, and ‘Delta Snow’. The remaining cultivars were rated as moderately resistant, moderately susceptible, or susceptible to powdery
mildew.
Those cultivars that were rated as resistant or very resistant would likely
require no fungicide treatment for powdery mildew when grown in
Arkansas landscapes. It is possible that the powdery mildew pathogen
may adapt to these cultivars over time, however. Cultivars that were
rated as moderately susceptible in our trial likely would require moderate
to routine use of fungicides to control powdery mildew. Cultivars that are
rated as very susceptible would require regular use of a fungicide to
control powdery mildew and, therefore, these cultivars should not be
planted.
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Significance to Industry: Data from this study identify garden phlox
cultivars with field resistance to powdery mildew under Arkansas growing
conditions, and these cultivars should need little or no fungicide treatments in Fayetteville, Arkansas. Resistant cultivars were: ‘Delta Snow’,
‘Robert Poore’, ‘Darwin’s Joyce’, ‘David’, ‘Eden’s Crush’, ‘Blue Boy’ and
‘Red Magic’.
Literature Cited:
1. Bir, R. 1999. Phlox without fail: learn the secret to growing a perennial summer favorite. Organic Gardening 46:52-55.
2. Hawke, R.G. 1999. Plant evaluation notes: an evaluation report of
selected phlox species and hybrids. North American Plant Propagator 13:16-20.
3. Perry, L.P. 1999. Powdery mildew on phlox and monarda. The
Journal of The Society of Municipal Arborists 35(2):14.
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Powdery Mildew Resistance in Garden Phlox
R. E. Bir and J. L. Conner
NC State University
455 Research Drive
Fletcher, NC 28732
Index words: Phlox carolina, Phlox maculata, Phlox paniculata,
Powdery Mildew, Erysiphe cichoracearum
Nature of Work: Garden phlox, from cultivars of the native species
Phlox carolina, P. maculata and P. paniculata, is an important herbaceous perennial for the landscape and nursery trade. Powdery mildew is
recognized as a major limiting factor when growing garden phlox in
warm, humid areas. Resistant cultivars of garden phlox may reduce
production costs and increase landscape success.
Evaluations of garden phlox for resistance to powdery mildew resistance
have been conducted in climates unlike those experienced in the humid
southeastern United States (2). Cultivar response is often different when
plants considered highly resistant in other areas are exposed to the
extended warm, humid growing conditions in the Southeast (1).
Erysiphe cichoracearum, a causal organism of powdery mildew of phlox,
spores germinate optimally under damp conditions between the temperatures of 59 and 86 F. (3). These temperatures are close to the daily
average maximum and minimum temperatures from early June through
mid-September at the Mountain Horticulture Crops Research and
Extension Center (MHCREC), Fletcher, NC. In addition, there is morning
fog most days from early June through mid-September at MHCREC.
In April 1999, a completely randomized design experiment with three 1quart plants of each cultivar was planted on 3-ft centers in soil that had
been prepared according the NC Cooperative Extension Service
(NCCES) recommendations following soil tests. Plants were irrigated
until established and then not irrigated again. Weeds were removed by
hand and fertilizer was applied according to NCCES recommendations.
Included in the test were ‘Blue Boy,’ ‘Blue Paradise,’ ‘Darwin’s Joyce,’
‘David,’ ‘Delta Snow,’ ‘Fairest One,’ ‘Flamingo,’ ‘Franz Schubert,’ ‘Laura,’
‘Little Boy,’ ‘Magnificence,’ ‘Miss Jill,’ ‘Miss Jo-Ellen,’ ‘Miss Karen,’ ‘Miss
Katherine,’ ‘Miss Lingard,’ ‘Miss Margie,’ ‘Miss Mary,’ ‘Mt. Fujiyama,’
‘Natascha,’ ‘Nikki,’ ‘Nora Leigh,’ ‘Orange Perfection,’ Phlox caroliniana,
‘Prime Minister,’ ‘Robert Poore,’ ‘Rosalinde,’ ‘Russian Violet,’ ‘Sir John
Falstaff,’ ‘Starfire,’ ‘Tenor,’ ‘The King,’ and ‘White Admiral.’ The incidence
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and severity of powdery mildew infestation on each plant recorded as a
percentage of leaves infected was recorded monthly from June through
early September of 1999, 2000 and 2001.
Results and Discussion: By the end of the first growing season, it
became evident that disease pressure from powdery was intense. Many
plants did not survive the first winter. Cultivars that did not survive were
replanted in spring 2000. When many of the same cultivars as well as
others were not alive in spring 2001, we re-evaluated the trial based on
severity of disease and decided not to collect data if two plants of any
cultivar were dead. The cultivars ‘Blue Boy,’ ‘Blue Paradise,’ Darwin’s
Joyce,’ ‘Flamingo,’ ‘Laura,’ ‘Miss Lingard,’ ‘Orange Perfection’, and
‘Prime Minister’ had at least two out of three plants die during the trial.
Table 1 includes only survivors. No cultivar was immune to powdery
mildew under our conditions and those that survived exhibited different
degrees of resistance.
To determine an overall relative resistance rating, powdery mildew
infestation ratings from the beginning of June and mid September were
averaged. Those with the 11% or less of foliage showing powdery
mildew were considered highly resistant. Those averaging 25 to 50%
were considered moderately resistant, and those with over 50% of
foliage showing powdery mildew were considered poorly resistant.
Significance to the Industry: Even under severe powdery mildew
pressure over a 3-year period, some garden phlox cultivars exhibited a
high degree of disease resistance. These were the cultivars ‘David,’
‘Delta Snow,’ ’ Natascha,’ ‘Robert Poore,’ ‘Speed Limit 45’, and the
species Phlox caroliniana.
Literature Cited:
1. Bir, Richard E. and Richard Hawke. 1999. Monarda Mildew Resistance. Proc. IPPS 49: 394-396.
2. Hawke, R. G. 1999. Plant Evaluation Notes: An Evaluation Report of
Selected Phlox Species and Hybrids. N. American Pl. Prop.
11(1):16-20.
3. Powell, C. C. and R. K. Lindquist. 1992. Ball Pest & Disease Manual.
Ball Publishing, Geneva, IL p. 63-67.
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Sunny Border Nursery and White Flower Farm.
Table 1. Cultivars of garden phlox surviving 3 years of intense powdery
mildew disease resistance at MHCREC, Fletcher.
HIGHLY RESISTANT
David

Delta Snow

Natascha

Phlox caroliniana

Robert Poore

Speed Limit 45

MODERATELY RESISTANT
Fairest One

Magnificence

Miss Jo-Ellen

Miss Katherine

Nora Leigh

Rosalinde

POORLY RESISTANT
Franz Shubert

Miss Jill

Miss Karen

Miss Margie

Miss Mary

Mt. Fujiyama

Nikki

Russian Violet

Sir John Falstaff

Starfire

Tenor

The King

White Admiral
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Role of Endogenous Phenolics in Resistance to
Fire Blight Among Flowering Crabapples (Malus spp.)
Andrew C. Bell, Thomas G. Ranney, and Thomas A. Eaker
MHCR&EC, North Carolina State University
455 Research Drive, Fletcher, NC 28732
Index Words: Phenolics, Fire Blight, Erwinia amylovora, Crabapple,
Malus, Host Plant Resistance
Nature of Work: Fire blight, caused by the bacterium Erwinia
amylovora, is one of the most significant diseases of taxa in the Rosaceae subfamily Maloideae. This subfamily includes several genera
that exhibit considerable genetic diversity and interspecific crossability.
Plant breeders have exploited these opportunities to produce numerous
cultivars with enhanced ornamental characteristics that have become
economically important to the horticultural industry. Crabapples (Malus
spp.) are among the most widely planted flowering trees in landscapes.
However, the incidence of disease, particularly fire blight, remains a
problem. Significant variation in resistance to fire blight has been
reported for many taxa of flowering crabapples (1,2,3,9). A better
understanding of host plant resistance to this disease could allow for the
systematic selection and development of resistant plants through a
targeted improvement program.
Host plant defense mechanisms often involve secondary compounds that
are pre-formed or that are synthesized once the infection process begins.
Several studies have shown that some pre-existing phenolic compounds
and their metabolic products can play a significant role in resistance to
fungal and bacterial pathogens (5). Inhibition of Erwinia amylovora by
phenolic compounds in vitro and in cortex tissue of Malus taxa has been
documented (6,7). Stem tissue of fire blight resistant taxa contained
levels of phenolic acids that were up to ten times higher than in those
taxa that exhibit pronounced symptoms(7).
Levels of phenolic compounds have been measured in numerous taxa of
Malus and a correlation between high levels and resistance to fire blight
has been reported several times (7,8). However, conflicting information
exists as to whether high levels of phenolic compounds are related to fire
blight resistance (4). Total phenolic levels may not be as important as
presence or concentration of specific compounds. The objective of this
study was to test specific phenolic compounds found in Malus spp. and
to evaluate their effects on growth of E. amylovora.
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Erwinia amylovora strain 2002A was grown on nutrient agar for 18 hours
at 26°C. Under asceptic conditions, 50 µl of a suspension (~ 10 8 cfu/mL)
was added to a 1.5 mL cuvette containing 1 mL of a nutrient broth
amended with 0, 1, 2.5, 5, 10, or 20 mM of a test compound. Cuvettes
were arranged in a completely randomized design with six replications,
cuvettes without E. amylovora served as controls. All cuvettes were
capped and place on a shaker and maintained at 26°C. Absorbance
measurements were taken initially and again at 8 hours. The phenolic
compounds tested were catechin, chlorogenic acid, coumaric acid,
phloretic acid, and phloroglucinol (Sigma-Aldrich, Co.).
Results and Discussion: Coumaric acid was the most effective compound included in this study (Fig. 1). The 1 mM concentration reduced
E. amylovora growth by 67% compared to the 0 mM control. The 2.5
and 5 mM concentrations were not significantly different from the 1 mM
concentration. Bacterium growth was reduced by 98% with the 10 and
20 mM concentrations. All concentrations were significantly different
from the control. Chlorogenic acid was the least effective compound
tested at reducing the growth of E. amylovora. Although all concentrations differed significantly from the control, no concentration inhibited
growth by more than 50%. The 20 mM concentration reduced growth
by 38%.
Strain 2002A of E. amylovora behaved similarly to phloretic acid and
phloroglucinol where greater than 50% reduction in growth was achieved
only at 10 and 20 mM concentrations. Growth was inhibited by 99 and
95% at 20 mM for phloretic acid and phloroglucinol, respectively. There
was no significant reduction in growth for 1, 2.5, 5, and 10 mM of catechin, however bacterial growth was greatly reduced at the 20 mM
concentration.
These results demonstrated that a number of phenolic compounds found
in Malus spp. are potent inhibitors of E. amylovora in vitro. Furthermore,
phenolic compounds varied considerably in efficacy as a function of
concentration.
Significance to the Industry: This research investigated individual
phenolic compounds of Malus taxa and their effects on the growth of E.
amylovora, the causal agent of fire blight. Fire blight still remains a
significant problem in cultivating flowering crabapples. Understanding
host plant resistance allows for more focused breeding and selection
efforts to develop resistant plants. Fire blight resistant plants can make
a significant contribution to the industry by lowering production and
maintenance costs and by allowing growers to offer superior plants.
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Figure 1: Dose response curves for phenolic compounds found in
Malus spp. on the growth of Erwinia amylovora strain 2002A.
% of control- Relative bacterium growth compared to the control with
no compound added.
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Figure 1: (continued)

Figure 1: Dose response curves for phenolic compounds found in
Malus spp. on the growth of Erwinia amylovora strain 2002A.
% of control- Relative bacterium growth compared to the control with
no compound added.
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Reported Ornamental Plant Diseases
in North Florida from 1999 - 2001
Alejandro Bolques1,M. Timur Momol2, and Hank Dankers2
1
Florida A&M University, Gadsden County Extension
Quincy, FL 32351
2
University of Florida, IFAS, NFREC-Quincy
155 Research Road, Quincy, FL 32351
Index words: Ornamental Plant Diseases, Nursery, Landscape
Nature of Work: Ornamental plant growers and landscape maintenance
operators should be knowledgeable of the pathogens present or likely to
be present in a particular production or landscape situation. Determining which disease is present in a nursery crop or landscape is not simple.
Many variables are involved including weather, site conditions, fertilization, and pesticide injury. Disease management takes into account the
biology of the pathogen, host-pathogen interactions, and the effect of
environmental factors. For instance, some diseases become a problem
only after temperatures rise above a certain level or humidity remains
high for a period of time. Proper disease identification is critical for
making the correct disease management decision. There are soilborne
pathogens, water-borne pathogens that are spread to the plant when
splashed by rain or irrigation, airborne pathogens, and insect-borne
pathogens. Improper production practices can facilitate disease carry
over from year to year. Improper crop sanitation, such as pruned plant
parts, can become a source of inoculum. Overwatering and/or improper
fertilization could enhance disease development.
As a service to ornamental plant producers, landscape maintenance
operators, and homeowners, the Florida Extension Plant Diagnostic
Clinic located at the North Florida Research and Education CenterQuincy (FEPDC-Quincy), staffs a plant diagnostic laboratory. Their
primary role is to determine if a plant problem involves an infectious
causal agent, e.g., fungus, bacterium ,or virus. Diagnosis of disease is
based on an association of plant symptoms and signs with a pathogencaused disease recognizing that other variables also might be associated
with the disease at hand. Disease diagnosis results in providing proper
control information, whenever possible, for the detected pathogen (1).
This study summarizes ornamental plant diseases submitted to the
FEPDC-Quincy from 1999 through 2001 to determine the frequency of
the reported disease in the North Florida area and to develop a seasonal
chart depicting the occurrence of diagnosed ornamental plant diseases.
The plant disease data used were retrieved form data files of plant
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samples submitted to the plant disease clinic. Diagnostic results were
analyzed to determine causal agent, time of year occurrence, and host
plant. Diseases that were easy to identify are not represented in the
database.
Results and Discussion: Pathogens detected and numbers of samples
submitted are listed in Table 1. The root rots, Rhizoctonia, Pythium,
Phytophthora, and Fusarium, were the causal agents found most frequently with anthracnose, bacterial spots, and Thielaviopsis found less
frequently. The seasonal occurrence for these seven plant pathogens is
illustrated in Table 2. Anthracnose, considered low among the number of
samples submitted, clearly established a presence from March to July.
Bacterial diseases were intermittent beginning in March, attaining a high
presence in April, and a moderate level in August. Fusarium, also was
intermittent beginning moderate in February; it was detected in less than
ten samples. Rhizoctonia samples were brought in year-round and
submissions were high from February to April and in August.
Phytophthora and Pythium samples were submitted on average for 11
and 10 months of the year, respectively, with high Pythium submission in
February, March, and May.
The ornamental plants on which these seven diseases were most often
found are depicted in Figure 1. Pythium, Rhizoctonia, and Phytophthora
were detected in the greatest numbers of host plants — Juniperus, Ilex,
Rhododendron, Leyland Cypress, and Euonymus. Juniperus, Ilex, and
Rhododendron samples were submitted more frequently than Leyland
Cypress and Euonymus.
There was no clear relationship between disease occurrence and
maximum and minimum temperature data or rainfall (results not shown).
Significance to Industry: In North Florida, Rhododendron, Ilex and
Juniperus are favorable hosts for the root rots often encountered in
production and the landscape. Record keeping to determine seasonality
of diseases in your operation would assist in determining future disease
problems and scheduling disease management practices. While this
practice is not new and not specific to ornamental disease, it will help to
develop an integrated pest management program.
Literature Cited:
1. Simone, G. W., M. Elliott, and R. Mullin. 2000. 1999-2000 Florida
Plant Disease Management Guide Volume 2: Ornamentals and Turf.
Univ. of Florida, IFAS, SP-52.
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Table 1. Frequency of pathogens or diseases diagnosed on ornamentals at the Florida Extension Plant Diagnostic Clinic-Quincy from 19992001.
Pathogen
Agrobacterium tumefaciens
Alternaria spp.
Aperisporium sequoiae
Aureobasidium microstictum
Bacterial leaf spot
Bipolaris spp.
Botryosphaeria spp.
Botrytis cinerea
Botrytis spp.
Cercospora spp.
Cephaleuros virescens
Choanephora cucurbitarum
Colletotrichum spp.
Coniothyrium spp.
Cronartium spp.
Erwinia carotovora
Fusarium oxysporum
Fusarium spp.
Glomerella spp.
Gymnosporangium clavipes
Helminthosporium leaf spot
Inonotus dryopilus
Leucostoma spp.
Marssonina rosae

Number
Submitted
1
1
2
1
8
1
5
1
1
2
1
1
9
2
1
3
1
23
1
1
1
1
2
1

Pathogen

Number
Submitted

Peronospora antirrhini
Peronospora sparsa
Pestalotia spp.
Pestalotiopsis spp.
Phoma spp.
Phomopsis juniperovora
Phomopsis spp.
Phyllachora spp.
Phyllosticta spp.
Phytophthora spp.
Pseudomonas spp.
Pseudomonas syringae
Pythium spp.
Ralstonia solanacearum
Rhizoctonia spp.
Sclerotium rolfsii
Sphaceloma euonymi-japonici
Stigmina carpophila
Thielaviopsis basicola
Thielaviopsis spp.
Virus
Xanthomonas spp.
X. hortorum pv. pelargonii
X. axonopodis
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1
1
4
2
3
1
1
1
2
26
2
4
46
1
60
2
1
1
3
5
1
1
1
1
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Evaluation of Selected Fungicides
for Web Blight Control on Azalea
John W. Olive, A. K. Hagan, M.E. Rivas-Davila, J. C. Stephenson
Auburn University Ornamental Horticulture Research Center,
Mobile, AL 36608
Index Words: Rhizoctonia spp, Aerial Blight, Web Blight, Azalea
Nature of Work: Web blight or aerial blight caused by the fungus
Rhizoctonia spp. is a serious disease of azalea and other ornamentals.
It is especially severe on Satsuki azaleas, Japanese hollies, and other
plants with compact, tight canopies. The symptoms are most severe and
develop rapidly in warm, humid weather and include leaf spots that
develop into total leaf necrosis and defoliation (1). The necrotic leaves
often are held together by the brown hyphae of the fungus. Spacing
plants to allow adequate air circulation helps reduce the severity of
disease. Because fungicide sprays have proven effective in controlling
this disease, a study was initiated to determine the effectiveness of
several fungicides and rates in controlling web blight in container grown
azaleas.
Liners of Rhododendron x ‘White Gumpo’ were potted in trade gallon
containers in May 2001. The plants were irrigated with overhead impact
sprinklers and grown under 47% shade cloth. Six single plant replicates
were arranged in a randomized complete block design. Treatments were
applied every two weeks from 19 June to 25 September. Inoculum was
prepared by isolating Rhizoctonia. sp. from symptomatic azalea leaves
and growing it for one week on potato dextrose agar and then placing a
plug of agar and fungus in a flask of sterilized oat seeds. Cultures were
incubated at room temperature for one week. After foliage had dried
from the initial treatment, 4-5 infested oat seeds were placed on the
container medium surface around the base of each plant. Treatments
were applied with a CO2 –pressurized sprayer. Eagle 40W (myclobutanil),
Compass 50W (trifloxystrobin), and Heritage 50W (azoxystrobin) were
applied with Sil-Spread non-ionic surfactant (0.6% vol/vol). Daconil
Ultrex (chlorothalonil) and Insignia (pyraclostrobin) were applied without
a surfactant. Web blight was assessed using the Horsfall and Barratt
rating scale where 1 = no disease, 2 = 0 to 3%, 3 = 3 to 6 %, 4 = 6 to
12%, 5 = 12 to 25%, 6 = 25 to 50%, 7 = 50 to 75%, 8 = 75 to 87%, 9 = 87
to 94%, 10 = 94 to 97%, 11 = 97 to 100%, and 12 = 100% of leaves
blighted or defoliated. Disease ratings were recorded on 17 July, 28
August, and 11 September. The disease developed rapidly in late
August and early September; therefore, the data for September are
presented.
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Results and Discussion: No phytotoxicity or treatment related growth
differences were observed. All fungicide treatments significantly reduced
the incidence of web blight when compared to the untreated control
(Table 1). There was a significant difference in control across the rates
of Heritage. The 2, 4, and 8 oz treatments of Heritage provided significantly better control than the 1 oz rate but were not significantly different
from each other. Even the 1 oz rate provided good disease control. All
three rates of Compass controlled disease when compared to the
untreated control. The experimental fungicide Insignia controlled web
blight at all three rates tested. Eagle and Daconil Ultrex, two nonstrobilurin fungicides, also provided excellent disease control.
Significance to Industry: Data indicate that all of the fungicides and
rates provided good control of web blight on the azaleas used in this test.
All of the products tested could be effectively used in a spray rotation to
control web blight. Some of the higher rates did not provide significantly
better control; therefore, growers should consider the cost of the higher
rate versus the limited additional benefit when selecting a rate to apply.
Literature Cited:
1. Benson, M. D., and Williams-Woodward, J. L. 2001. Azalea Diseases. Pages 63,64 and 81-88 in: Diseases of Woody Ornamentals
and Trees in Nurseries. R. K. Jones and M. D. Benson eds. APS
Press, St. Paul Minnesota.
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Table 1. Comparison of selected fungicides for control of web blight on
azalea.
Fungicide Treatment
Untreated Check
Heritage 50W
Heritage 50W
Heritage 50W
Heritage 50W
Eagle 40W
Compass 50W
Compass 50W
Compass 50W
Daconil Ultrex
Insignia 20WG
Insignia 20WG
Insignia 20WG

Rate/100 gal

Web Blight
Incidence (11 Sept) y

—
1 oz
2 oz
4 oz
8 oz
8 oz
1 oz
2o
4 oz
1.4 lb
8 oz
1 lb
40 oz

7.0 az
2.8 bc
1.5 d
1.5 d
1.0 d
2.0 cd
2.2 cd
3.8 b
1.5 d
1.3 d
3.0 bc
1.8 d
1.0 d

Y

Disease incidence based on Horsfall and Barratt scale: 1 = no disease, 2 = 0-3%,
3 = 3-6%, 4 = 6-12%, 5 = 12-25%, 6 = 25-50%, 7 = 50-75%, 8 = 75-87%, 9 = 87-94%,
10 = 94-97%, 11 = 97-100%, and 12 = 100% of leaves blighted or defoliated.
Z
Means within the column followed by the same letter did not significantly differ,
Duncan’s Multiple Range Test (P=0.05).
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Toxicity Responses of Herbaceous
and Woody Ornamental Plants
to Chlorine and Hydrogen Dioxides
W. E. Copes 1, G. A. Chastaganer 2, and R. L. Hummel 2
1
USDA/ARS Small Fruit Research Station,
P.O. Box 287, Poplarville, MS 39470
2
WSU Puyallup Center, 7612 Pioneer Way, Puyallup, WA 98371
Index Words: Chlorine Dioxide, Disinfectant, Disinfestant, Foliar Spray,
Hydrogen Dioxide, ZeroTol
Nature of Work: Disinfectants routinely are used to kill pathogen
propagules on production surfaces, but the use of disinfectants directly
on ornamental plants has been limited due to potential plant damage.
Bleach products also have been used to disinfest surfaces of woody
plant cuttings. Quaternary ammonium compounds also have been
applied directly to plants during production and have been shown to
extend vase-life of chrysanthemum flowers (D’hont 1989).
ZeroTol (27% hydrogen dioxide [H2O2]) currently is labeled and being
used as a pre-plant dip or foliar spray on greenhouse and field ornamental plants, cut flowers, and bare-root nursery stock (EPA Registration No.
70299-1). The 2001 ZeroTol label listed rates of 54 to 270 ppm H2O2 in
mist propagation systems, 540 ppm H2O2 in treatment of cut flowers, 900
ppm H2O2 for preventative foliar applications under greenhouse and field
conditions, 2700 ppm H2O2 for curative foliar applications and treatment
of bare-root nursery stock, and 5400 ppm H2O2 for treatment of seed
beds and soil.
Chlorine dioxide (ClO2) is another disinfectant with potential for direct
application to plants. It is registered for use on processing lines at a rate
of 3 ppm ClO2 on cut and peeled fruits and vegetables and with no rate
restriction on raw fruit and vegetable products as long as they are rinsed
with water after treatment (EPA Reg. No. 5382-43-43553). It has been
shown to control disease and be safe to daffodil bulbs and radishes
(Chastagner and Riley 2002, Carrillo et al. 1996).
Fungicide and bactericide spray practices have been developed over
many years of scientific tests and commercial usage. In contrast, a very
limited research base currently exists to support recommendations for
spray intervals for disinfectants or for specific strategies to alternate
fungicide, bactericide, and disinfectant applications for the management
of diseases on ornamental plants. Use of disinfectants in a foliar disease
management program only will be possible if the rate of disinfectant
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required to kill pathogen propagules does not cause injury to the plant.
The objective of this research was to evaluate the phytotoxicity associated with foliar applications of chlorine and hydrogen dioxides.
To determine potential phytotoxicity problems associated with foliar
applications, chlorine dioxide (ClO2), at 2, 5, 20, 50, 100, 200, and 1000
ppm, and hydrogen dioxide (H2O2), at 900, 2700, 5400, and 10200 ppm,
were sprayed five times at 3-day intervals on eight bedding plants and
nine shrub species/cultivars grown in pots (Table 1). The study was
preformed in a greenhouse over a period of 23 days. Injury to leaves and
flowers were rated using Barrett-Horsfall categories, with marketability
being reduced if ≥ 4% of the surface area was affected (Redman et al.
1969).
Results and Discussion: Mean ratings of ≥ 4% surface area affected did
not occur with ClO2 at 5 and 20 ppm on any of the plants after 5 sprays.
However; damage did occur at 50 ppm on poppy after 3 sprays; at 100
ppm ClO2 on pansy after 3 sprays, on azalea, mountain laurel, and
poppy after 4 sprays, and on a fern after 5 sprays; and at 1000 ppm on
all plants, including coleus, evolvulus, galium, English ivy, juniper, lilac,
rhododendron and St. Johns-wort after 1 to 2 sprays. Mean ratings of ≥
4% surface area affected occurred with H2O2 at 900 ppm on coleus after
4 sprays; at 2700 ppm on rhododendron leaves and candytuft flowers
after 5 sprays; and at 5400 and 10200 ppm on the coleus, rhododendron
and candytuft in one to three sprays. Rates of 5 and 50 ppm ClO2 and
900 and 2700 ppm H2O2 did not damage most plants tested and likely
will kill or inhibit most common pathogen propagules. Rates of 100 ppm
ClO2 and 5400 ppm H2O2 did not damage most plants tested if sprayed
less than four consecutive times and should control some of the more
chemically-tolerant propagules.
Marketability was considered to be detrimentally affected if ≥ 4% of the
surface area of a plant was affected. The 4% level was arbitrarily selected based on our opinion that very low levels of damage would not be
noticed by most consumers while damage of ≥ 4% seemed to exceed
acceptable market standards. However, low levels of injury from disinfectants could potentially serve as an infection court for pathogens, such as
Botrytis cinerea. Future research will determine if this concern is valid.
Coleus was more sensitive to H2O2 and pansy and poppy were more
sensitive to ClO2 than other plants. This is an indication that sensitivities
vary by plant species. Regional climatic differences and cultivar differences may be additional factors in the variability of sensitivities. Plant
producers need to test a wide range of plant species before broad-scale
use.
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The damage reported in this study resulted from applications made every
3 days with minimal flushing of residual salts from the leaves because
plants were watered at the base of the plant. Even with rates that caused
damage, often it was not observed until after 3 to 5 applications. Applications at 7-day intervals and overhead watering may lessen the potential
for damage because of less frequent exposure and reduced salt accumulation on leaves.
While disinfectants such as ZeroTol currently are registered for use on
plants, limited research has been published to indicate appropriate
intervals and rates needed to control foliar pathogens. Since disinfectants provide no residual protection, level of disease pressure may affect
the selection of a spray strategy and the need to switch to traditional
pesticides. Rate may be further affected by the pathogen species and
propagule type (thin- versus thick-walled spore, etc.) being targeted
(Copes et al. 2001). Tests are currently underway to determine rates and
intervals of these disinfectants that will control plant pathogens on
ornamental plants.
Significance to Industry: Results show chlorine and hydrogen dioxides
are two disinfectants that can be safely applied to many ornamental
plants at rates expected to control plant pathogens; yet, each can be
toxic to certain plants. Therefore, caution is advised before applying
disinfectants to all plant species in a greenhouse or nursery.
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Table 1. Bedding plants and shrubs (common name ‘cultivars’) sprayed
with rates of chlorine and hydrogen dioxides.
BEDDING PLANTS

SHRUBS

coleus Rainbow mix
fern ‘Recurved Broad Buckler’
evolvulus ‘Hawaiian Blue Eyes’
galium ‘Sweet Woodruff’
candytuft ‘Purity’ (white)
sweet alyssum ‘Easter Basket Mix’
oriental poppy ‘Allegro Scarlet Red’
pansy ‘Light Blue’

English ivy ‘Gold Child’
St. John’s wort
juniper
mountain laurel ‘Sarah
azalea ‘Rosy Lights’
rhododendron
rhododendron ‘Henry’s Red
rhododendron ‘Yaku Princess’
lilac ‘Bridal Memories’
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Nature of Work: Daylilies (Hemerocallis spp.) are one of the most
economically important plant species in the United States. Daylilies are
very popular perennials because they are available in several colors,
shapes, and sizes, they are able to survive with very little care in a wide
range of climates, and they are drought and almost disease and pest free
(4). A rust disease caused by Puccinia hemerocallidis recently was
introduced and has become an increasing problem in the United States
(8). Information is needed about the resistance and susceptibility of
daylily cultivars to P. hemerocallidis. The use of resistant cultivars in the
nursery and the landscape will provide commercial growers and hobbyists a management tool that dramatically could reduce the potential for
damaging outbreaks of rust.
Daylily rust was first found in Georgia in 2000 (8) and has spread rapidly
throughout the United States. It has been reported as far north as
Minnesota and as far west as Oregon and California (6). Bright yelloworange to rust-brown pustules containing urediniospores are produced
on the upper and lower leaf surfaces within 7 to 14 days after infection
(8). A wide range of symptoms have been reported that include bright
yellow-orange spots to streaks, water-soaked tan spots with darker
borders, larger yellow lesions, and smaller more discrete spots (7).
Since the American Hemerocallis Society began acting as the official
registry of daylily cultivars in 1947, more than 40,000 registrations have
been processed and published in the form of check lists (e.g., 1), making
it one of the most extensively bred crops during the past 60 years. In
preliminary work at the University of Georgia it was reported that nearly
50% of the cultivars tested were “highly susceptible”, and only 8% were
“least susceptible” (7). A more in-depth study of cultivar reactions was
needed to help nurseries, daylily breeders, and hobbyists avoid epidemic
levels of daylily rust like those seen in 2001. The objective of this study
was to evaluate daylily cultivars for resistance to Puccinia hemerocallidis
under standard, uniform conditions in the greenhouse.
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Forty-two cultivars donated by two commercial growers were evaluated
in the greenhouse (Table 1). Plants were maintained in 1-gallon pots
containing a commercial 9:1 bark:sand mixture. Cultivars were placed
on benches in a rust-free polyhouse until initiating the experiment; plants
were then transferred to a research greenhouse with average night and
day temperatures of 72ºF and 79ºF, respectively, irrigated as needed,
and fertilized with Osmocote Plus 15-9-12 controlled release fertilizer.
Insect and arthropod pests were controlled using standard practices.
An isolate of P. hemerocallidis was collected from an infected daylily
plant (cultivar Pardon Me) that was received by the University of Georgia
disease diagnosis clinic in 2000 (8). This isolate has been maintained on
daylily plants (cultivar Pardon Me) in the greenhouse. For each experiment, urediniospores were collected from 10- to 12-day-old pustules
using a vacuum spore collector, suspended in 0.05% Tween 20, and
filtered through 5 layers of sterile cheesecloth. Spores were enumerated
by hemacytometer and then adjusted to 1-2 x 105 spores ml-1 in 0.05%
Tween 20. For each trial, three plants of each cultivar were watered to
saturation, sprayed with the spore suspension until run-off, sealed in
clear plastic bags, and stored away from sunlight. After 24 hours at 72ºF,
bags were removed and plants were transferred to the greenhouse
where plants were maintained without wetting the foliage. Plants were
evaluated for rust development and severity five times from 9 to 21 days
after inoculation using a 1 to 5 rating scale where 1= no disease, 2=
reduced lesion number and lesions did not produce urediniospores, 3=
reduced lesion number but lesions still produced urediniospores, 4=
slightly reduced lesion number and/or reduced amount of sporulation,
and 5= fully susceptible. This rating scale was based on a comparison
with cultivar Pardon Me, which typically would have most lesions sporulating within 10 to 12 days (Mueller et al., unpublished). Area under
disease progress curve (AUDPC) values were calculated (5). Diseased
foliage was removed above the crown after the first trial was completed,
and plants were treated with mancozeb (1.5 lb per 100 gallon; Fore
FloXL), and transferred to a rust-free polyhouse for 40 days. These
plants then were used in the second trial using the same procedure.
Data were subjected to analysis of variance using the general linear
model procedure (PROC GLM) of SAS. Trials and replications were
considered random variables, while daylily cultivars were considered a
fixed variable. Means were separated by Fisher’s protected least
significant difference (LSD) at P=0.05.
Results and Discussion: The 42 cultivars were separated into four
groups based on susceptibility to rust (Table 1). Resistant (R) plants had
no or very few lesions. If lesions did occur on the resistant plants, they
were restricted by a hypersensitive reaction, or did not sporulate. Moder220
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ately resistant (MR) plants had very few lesions compared to Pardon Me
plants but urediniospores still were produced. Moderately susceptible
(MS) plants had slightly reduced lesion number or delayed sporulation
compared to Pardon Me plants. Susceptible plants had an equivalent
number of lesions and amount of sporulation as Pardon Me plants. Of
the 42 cultivars, 8 (19%) were classified as R, 8 (19%) were classified
as MR, 11 (26%) were classified as MS, and 15 (36%) were classified as
S (Table 1).
Different reactions to daylily rust already have been reported (7). In our
studies, we also observed a wide variety of symptoms. For example,
Pardon Me produced small bright yellow spots within 4 days and these
spots turned into sporulating lesions 8 to 12 days after inoculation.
Cultivars like Ice Carnival produced large dull yellow spots that did not
start sporulating until at least 18 days after inoculation. A few cultivars,
like Buttered Popcorn and Gordon Biggs, had very few restricted lesions
produced on the lowest leaves, but these lesions did not sporulate. On
some cultivars, such as Bright Sunset, lesions were seen on the scape in
addition to lesions on the leaves.
Significance to Industry: Fungicides such as azoxystrobin (Heritage),
and chlorothalonil (e.g.,Daconil Ultrex), have been shown to reduce
germination of P. hemerocallidis urediniospores (2) and subsequent
lesion development (3). However, control measures such as fungicides
have dramatically increased daylily production costs. The use of resistant cultivars would reduce the need for fungicides and therefore, would
reduce production costs by eliminating, reducing, or delaying rust infection. Also, lines identified with resistance to P. hemerocallidis may be
used by breeders to improve future cultivars.
Literature Cited:
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Table 1. Relative susceptibility of 42 common, commercial daylily
cultivars to Puccinia hemerocallidis in the greenhouse
Cultivar
Prairie Blue Eyes
Carolyn Criswell
Mardi Gras Parade
Woodside Ruby
Hush Little Baby
Follow Your Heart
Chicago Apache
Buttered Popcorn
Gordan Biggs
Texas Sunlight
Stella de Oro
Joan Senior
Ed Murray
Nanuq
Daring Deception
Bertie Ferris
Baja
Anzac
Mary’s Gold
Razzmatazz
Tropical Reflection
Advance Party
Ice Carnival
Midnight Rambler
Cherry Cheeks
Pearl Harbor
Gertrude Condon
My Melinda
Catherine Neal
Enchanted Rainbow
Siloam Plum Tree
Chorus Line
Along the Way
Barbara Mitchell
Strawberry Candy
Mary Todd
Hyperion
Love Those Eyes

Reaction a
R
R
R
R
R
R
R
R
MR
MR
MR
MR
MR
MR
MR
MR
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
S
S
S
S
S
S
S
S
S
S
S

Trial 1
Rating b
1.0
1.0
1.0
1.7
1.0
1.3
2.0
1.0
2.0
2.0
2.0
2.3
3.0
2.0
2.0
2.0
3.0
3.3
2.7
2.3
3.0
4.0
3.0
3.0
3.3
2.3
.
4.0
5.0
4.3
5.0
4.7
5.0
5.0
5.0
5.0
5.0
5.0
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AUDPC
9.0
10.8
9.0
10.7
10.5
10.2
18.0
12.0
12.2
17.2
16.5
19.8
22.7
20.3
15.3
19.8
26.8
25.3
27.3
22.5
26.5
28.8
24.3
28.3
31.8
31.3
.
37.2
38.2
32.2
38.8
41.3
41.7
41.0
42.3
43.5
45.0
42.8

Trial 2
Rating AUDPC d
1.0
1.0
1.0
1.7
1.3
1.3
1.0
1.0
2.0
1.7
2.0
2.3
2.7
2.3
4.0
3.0
3.0
4.0
3.0
3.7
4.0
3.3
4.0
3.3
3.0
3.0
4.0
4.0
3.7
5.0
4.7
4.0
5.0
4.3
5.0
4.7
4.7
5.0

9.0
9.0
11.0
12.7
13.2
15.7
9.7
16.0
18.3
14.2
19.0
18.2
18.0
21.3
26.8
24.2
26.3
27.8
26.0
31.5
27.7
25.5
31.3
27.8
24.8
26.3
31.2
29.2
32.5
38.5
36.8
34.8
36.0
38.3
37.3
37.7
36.3
41.2
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Table 1. (continued)

Cultivar

Reaction a

Trial 1
Rating b

AUDPC

Trial 2
Rating AUDPC d

Bright Sunset
Rocket City
Little Grapette
Christmas Carol

S
S
S
S

5.0
5.0
5.0
5.0

42.5
44.3
45.0
45.0

5.0
5.0
5.0
5.0

44.7
43.8
44.7
45.0

Pardon Me (check)

S

5.0

45.0

5.0

45.0

LSD (0.05)
Coefficient of variation (%)

0.7
14

4.9
11

0.6
12

4.6
10

a

R= resistant, MR= moderately resistant, MS= moderately susceptible, and S= susceptible.
b
Rating taken 21 days after inoculation using a 1 to 5 rating scale where 1= no disease,
2= reduced lesion number and eliminated sporulation, 3= reduced lesion number but
not sporulation, 4= slightly reduced lesion number and/or amount of sporulation, and 5=
fully susceptible.
c
AUDPC= area under disease progress curve.
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Department of Entomology and Plant Pathology,
Auburn University, AL 36849
Brewton Experiment Field, Brewton, AL 36427
Index Words: Tagetes erecta, Tagetes patula, Alternaria tagetica,
azoxystrobin, Chemical Control, Strobilurin
Nature of Work: Heritage 50W (azoxystrobin) is one of the first products
in a new class of low-risk, environmentally-compatible fungicides called
strobilurins to be registered for use on nursery and greenhouse crops in
the U.S. In recent Alabama studies, activity against powdery mildew and
Cercospora leaf spot on hydrangea (6), powdery mildew on flowering
dogwood (4), Phytophthora shoot blight on annual vinca (1), and southern blight on aucuba has been demonstrated for this fungicide (5).
Although Heritage 50W recently was registered for the control of leaf
spot and blight diseases on a wide range of nursery and landscape
crops, the efficacy of this fungicide for the control of many plant pathogenic fungi on greenhouse and nursery crops is not well documented.
Alternaria leaf spot is a common and damaging disease in nearly all
landscape plantings of African and French dwarf marigold. Symptoms
first appear as tiny circular brown spots on the oldest leaves at the base
of the plant. As the spots become more numerous, damaged leaves turn
yellow, wither, and die. Leaf death begins at the base of the main and
lateral shoots just above the soil line and usually continues until all but
the youngest leaves at the shoot tips have died. Outbreaks of Alternaria
leaf spot may also damage flat and pot-grown marigold in a production
greenhouse. Typically, the causal fungus Alternaria tagetica is introduced into the greenhouse on seed and is spread into landscape
plantings on diseased marigold (3). Frequent showers or excessive
overhead watering will greatly increase the severity of this disease. At
this time, disease resistance does not appear to be a viable control
option. Although significant differences in the rate of spread and development of Alternaria leaf spot were noted among selected marigold lines,
all lines suffered from extensive defoliation by early to mid-September
(2). The efficacy of fungicides, particularly those introduced in the last 20
years, for the control of this disease is largely unknown. The objectives
of this study were to assess the performance of Heritage 50W over a
range of application rates and treatment intervals for the control of
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Alternaria leaf spot on marigold and to compare the activity of Heritage
50W with that of several standard fungicides.
On May 10, 1999 and on May 2, 2000, marigold (Tagetes erecta) ‘Discovery Yellow’ plants were established on raised beds in a Benndale
sandy loam soil at the Brewton Experiment Field (USDA Plant Hardiness
Zone 8a) in Brewton, AL. In 2001, the French dwarf marigold (Tagetes
patula) ‘Little Hero’ replaced the ‘Discovery Yellow’ marigold. The
experimental design was a randomized complete block with six replications. Each replicate consisted of four marigolds planted in a square on
1-foot centers. Just before planting, 400 pounds per acre of 13-13-13
fertilizer was broadcast across the beds and incorporated. At 2-week
intervals, calcium nitrate was applied at a rate of 10 lb per acre through
the drip irrigation system. The plots were watered as needed and
mulched with aged pine bark. In 1999, the 1, 2, 4, and 8 ounces per 100
gallon rates of Heritage 50W were applied at 2-week intervals beginning
on May 11 and ending on July 20. In the 1999 trial, Eagle 40W at 8
ounces per 100 gallons, 3336 4.5F at 20 fluid ounces per 100 gallons,
and Daconil 2787 4F at 2 pints per 100 gallons, which were all applied at
2-week intervals, were included as fungicide standards. In the following
two years, applications of Heritage 50W at 1.0, 2.0, and 4.0 ounces per
100 gallons were made at 2-, 3-, and 4-week intervals from May 24 until
August 15, 2000 and from June 6 until September 1 in 2001. In 2000
and 2001, Eagle 40W and Daconil 2787 4F were applied at 2-week
intervals. All fungicide applications were made to run-off with a CO2pressurized sprayer.
Disease ratings were recorded on July 9, 1999, September 11, 2000, and
September 20, 2001. The severity of Alternaria leaf spot was assessed
using a scoring system based on the Florida peanut leaf spot rating scale
where 1 = no disease, 2 = few leaf spots in lower canopy, 3 = light leaf
spotting in lower and upper canopy, 4 = light leaf spotting with a low level
(<10%) of leaf death, 5 = leaf spots noticeable in upper canopy with
some (<25%) leaf death, 6 = leaf spots numerous with moderate (< 50%)
leaf death, 7 = leaf spotting heavy with considerable (< 75%) leaf death,
8 = very heavy spotting of few remaining leaves (<90% leaf death), 9 =
very few remaining leaves covered with leaf spots, and 10 = plants dead.
Results and Discussion: Despite the relatively dry weather pattern
throughout the summer of 1999, extensive disease development was
noted on the unsprayed controls, as well as on some of the fungicidetreated marigolds. Significant differences in the level of leaf spotting and
disease-related leaf loss were noted among the fungicides screened
(Table 1).
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In 1999, Heritage 50W was the only fungicide that significantly reduced
the severity of Alternaria leaf spot when compared to disease levels on
the unsprayed marigold (Table 1). Severity ratings for the marigold
treated with 3336 4.5F, Eagle 40W, and Daconil 2787 4F did not significantly differ from those recorded for the unsprayed plants. As the
application rate for Heritage 50W increased from 1 to 8 ounces per 100
gallons, disease severity sharply declined. As indicated by disease
severity ratings of 1.8 and 2.5, the plants treated with the 4 and 8 ounce
rates of Heritage 50W suffered only light, scattered spotting of a few
leaves in the lower canopy. At the lower application rates, particularly at
the 1 ounce rate of Heritage 50W, some spotting of the leaves and leaf
loss in the lower canopy were observed. In contrast, 3336 4.5F-, Eagle
40W-, and Daconil 2787-treated marigolds, as well as the unsprayed
control, suffered from 50 to 75% leaf death and heavy spotting of many
of the remaining leaves in the upper canopy.
As noted in 1999, significant differences in the severity of Alternaria leaf
spot were noted in 2000 among all of the fungicide treatments and the
unsprayed controls (Table 2). Of the fungicides screened, Heritage
50W provided the most effective control of Alternaria leaf spot. Application rate and interval had a significant impact on the effectiveness of
Heritage 50W in controlling Alternaria leaf spot on marigold. As expected, all rates of Heritage 50W gave better control of Alternaria leaf
spot when applied at 2-week rather than at 4-week intervals. When
applied every 3 weeks, disease severity ratings for the 1 and 4 ounce
rates of Heritage 50W were intermediate between those recorded at the
2- and 4-week intervals. When applied at 2-week intervals, the 4 ounce
rate of Heritage 50W provided better control of Alternaria leaf spot than
the 1 and 2 ounce rates of the same fungicide. Typically, symptoms on
the marigold treated at 2-week intervals with all three rates of Heritage
50W were limited to light spotting in the lower and upper canopies. With
Alternaria leaf spot ratings between 3.7 and 4.5, moderate leaf spotting
and low levels of leaf death were seen on the plants treated every 4
weeks with Heritage 50W.
As compared with the damage levels on the unsprayed control, significant reductions in the severity of Alternaria leaf spot were obtained in
2000 with Eagle 40W and Daconil 2787 4F (Table 2). However, the level
of disease control provided by both fungicides applied at 2-week intervals
was similar to that obtained with the two lower rates of Heritage 50W
applied monthly.
As noted in 2000, application rate and treatment interval had a significant
impact on the efficacy of Heritage 50W for the control of Alternaria leaf
spot on marigold. When applied at 2-week intervals, the 1, 2, and 4
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ounce rates of Heritage 50W gave excellent disease control (Table 2). At
these rates, symptoms were limited to light spotting of the leaves in the
lower canopy and no premature leaf death. When applied at longer
intervals, a significant increase in disease severity was observed at the
lower application rates of Heritage 50W. Heaviest leaf spotting and leaf
death were noted on the marigold treated at 3- and 4-week intervals with
the 1 ounce rate of Heritage 50W. Although similar levels of disease
control were obtained with the 2 ounce rate applied at 2- and 3-week
intervals, the plants treated monthly suffered from considerable leaf
spotting and some leaf death. Unlike the two lower rates of Heritage
50W, the 4 ounce rate, when applied at 3- and 4-week intervals, was
equally effective in controlling Alternaria leaf spot. While Eagle 40W
significantly reduced disease severity compared to the unsprayed
control, this fungicide was less efficacious against Alternaria leaf spot
than Heritage 50W, particularly at the 2 and 4 ounce rates. In 2001,
Daconil 2787 proved ineffective in controlling this disease. Disease
ratings on the Daconil-treated marigolds were similar to those recorded
for the unsprayed control.
In summary, Heritage 50W gave significantly better control of Alternaria
leaf spot on marigold than the fungicide standards 3336 4.5F, Eagle
40W, and Daconil 2787 4F. The leaf spotting on marigold treated at 2week intervals with the 1 to 4 ounce label rates of Heritage 50W was light
and unobtrusive. When applied at longer intervals, Heritage 50W
reduced damage levels to the point that plant aesthetics were not greatly
diminished. Across all application intervals, the 4 ounce rate of Heritage
50W proved more efficacious against Alternaria leaf spot than did the 1
and 2 ounce rates of the same fungicide.
In comparison to Heritage 50W, the overall performances of the other
fungicides screened were quite poor. Since 3336 4.5F and Eagle 40W
are not registered for the control of diseases incited by fungi in the genus
Alternaria, their lack of efficacy was not unexpected. However, Daconil
2787 4F, which is registered for control of Alternaria leaf spot and blight
on herbaceous and woody ornamentals, proved ineffective in controlling
this disease. Given the high disease pressure encountered in both
years, Daconil 2787 4F most likely would provide better disease control if
applications were made on a 7- to 10-day schedule instead of a 14-day
schedule.
Significance to the Industry: Heritage 50W is among the first of the
strobilurin fungicides cleared for the control of a wide range of foliar and
soil-borne diseases on herbaceous and woody ornamentals. As was the
case in previous Alabama studies, the level of disease control provided
by Heritage 50W was superior to that obtained with current fungicide
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standards. Should further restrictions be placed on the use of fungicides
such as Daconil 2787 (chlorothalonil) in the nursery and landscape,
Heritage 50W would be an effective replacement.
Literature Cited:
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Table 1. Effect of application rate on the control of Alternaria leaf spot on
‘Discovery Yellow’ marigold with Heritage 50W, 1999.
Rate
Fungicide
Unsprayed control
Heritage 50W
Heritage 50W
Heritage 50W
Heritage 50W
3336 4.5F
Eagle 40W
Daconil 2787 4F

Disease
per 100 gal

Severity1

—
1 oz
2 oz
4 oz
8 oz
20 fl oz
8 oz
2 pt

7.3 a2
4.7 b
3.7 bc
2.5 cd
1.8 d
6.2 a
6.7 a
7.5 a

1

The severity of Alternaria leaf spot was assessed using a
scoring system based on the Florida peanut leaf spot
rating scale.
2
Mean separation within columns of data was according to
Duncan’s Multiple Range Test (P=0.05).

Table 2. Impact of application rate and interval on the efficacy of Heritage 50W for the control of Alternaria leaf spot on marigold1.

Fungicide

Rate
per 100 gal

Heritage 50W
Heritage 50W
Heritage 50W
Heritage 50W
Heritage 50W
Heritage 50W
Heritage 50W
Heritage 50W
Heritage 50W
Eagle 40W
Daconil 2787 4F
Unsprayed control

Application
Interval
(wk)

1 oz
1 oz
1 oz
2 oz
2 oz
2 oz
4 oz
4 oz
4 oz
8 oz
2 pt
—

2
3
4
2
3
4
2
3
4
2
2
—

1

Alternaria leaf spot
disease rating2
2000
2001
2.6 cde3
3.5 bcd
4.5 b
2.4 de
2.4 de
3.7 bcd
1.5 e
2.4 de
4.0 bc
4.1 b
4.0 bc
7.1 a

1.7 fg
5.3 cd
6.2 bc
2.0 efg
2.5 ef
4.5 d
1.2 g
1.8 efg
2.8 e
5.2 cd
7.3 a
7.2 ab

The marigold cultivars ‘Discovery Yellow’ and ‘Little Hero’ were planted
in 2000 and 2001, respectively.
2
The severity of Alternaria leaf spot was assessed using a scoring
system based on the Florida peanut leaf spot rating scale.
3
Mean separation within columns of data was according to Duncan’s
Multiple Range Test (P=0.05).
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Comparison of Soil Solarization with Fumigation for the
Control of Phytophthora Root Rot on Annual Vinca
A. K. Hagan1, J. R. Akridge2, and M. E. Rivas-Davila1
1
Department of Entomology and Plant Pathology
Auburn University, AL 36849
2
Brewton Experiment Field, Brewton, AL 36427
Index Words: Catharanthus roseus, Vapam, Metam Sodium, Dowfume
98, Methyl Bromide, Heritage 50W
Nature of Work: The plant pathogenic fungus Phytophthora parasitica
(syn. P. nicotinae) causes a common and often destructive shoot blight
and root rot in landscape plantings of annual vinca (Cathranthus roseus)
(2,7,8). Typically, this fungus, which overwinters in crop debris and in the
soil, will colonize and destroy the root systems of vinca and other P.
parasitica-susceptible summer annuals planted in the fungus-infested
beds. Options for preventing and managing outbreaks of Phytophthora
root rot on vinca in P. parasitica-infested landscape beds have not been
fully explored. Studies in Alabama have consistently shown that the
survival rate of commercial lines of annual vinca in P. parasitica-infested
beds is very poor (3,5). In trials conducted in simulated landscape
plantings, protective fungicide treatments have not consistently given
acceptable control of this disease (4).
Soil fumigation is not a viable strategy for controlling P. parasitica and
other soil fungi in commercial and residential landscape beds. Metam
sodium (Vapam‰, Busan 1020‰, and Basamid‰) and methyl bromide
(Dowfume 98‰), which are classified as restricted use pesticides, must
be purchased and applied by a certified applicator. Since methyl bromide has been identified as a cause of ozone depletion, use of this
fumigant will be largely phased-out by 2005. Soil solarization has been
identified as an environmentally sound, pesticide-free, low-cost method
of controlling a wide variety of soilborne fungal plant pathogens and plant
parasitic nematodes (1,6). The objective of this trial was to assess the
viability of soil solarization as a control strategy for Phytophthora root rot
and to compare its performance against that of the two soil fumigant
standards Vapam‰ and Dowfume 98‰. In addition, the value of preventative fungicide treatments as part of a disease management system
also was evaluated.
The site selected at the Brewton Experiment Field in Brewton, AL had a
Benndale fine sandy loam soil and was planted the previous two years to
annual vinca, which had succumbed to P. parasitica-incited shoot blight
and root rot. A split plot design was used with soil solarization or fumiga231
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tion treatments as whole plots and a fungicide treatment or unsprayed
control as the subplot. The whole plots, which measured 4 feet wide by
50 feet in length, were arranged in five randomized complete blocks.
Plots selected for solarization were worked to seedbed condition and
covered with 2-mil clear plastic. The plastic was laid on 15 October 1999
and 13 December 2000, and the plots were uncovered on 5 January
2000 and 1 June 2001, respectively. Prior to the application of either soil
fumigant, the beds were worked up to seedbed condition. In 2000 and
2001, plots were fumigated on 15 May and 23 May, respectively.
Vapam‰ (metam sodium) was applied with a hose-end sprayer at a rate
of 1 pint per 50 square feet [108# gallons per treated acre] , and the
fumigated beds were covered with 2-mil clear or black plastic tarp.
Dowfume 98‰ (98% methyl bromide) was injected into the soil at a rate
of 2 pounds per 150 square feet [580# pounds per treated acre] of bed
area, and the beds were immediately covered with continuous 2-mil clear
plastic sheet. After 7 days, the plastic was removed from the Vapam and
Dowfume-treated plots. An untreated control was also included in the
design. After the plastic sheeting was removed and the plots were
aerated, 400 pounds per acre of 16-4-8 and 13-13-13 fertilizer was
broadcast in 2000 and 2001, respectively, and then incorporated. On 22
May 2000 and 1 June 2001, twelve ‘Pacifica Punch’ or ‘Peppermint
Cooler’ annual vinca, respectively, were planted in a line on 1-foot
centers down the middle of each whole plot. Each plot was then subdivided into two subplots containing six plants. In one of the two subplots,
8 ounces per 100 gallons of Heritage 50W‰ was applied at two-week
intervals as a heavy spray/drench to the foliage and soil surface around
each plant. In 2000, Heritage 50W‰ applications were made on 9 June,
23 June, 7 July, 21 July, 4 August, 18 August, 1 September, 15 September, and 28 September. In the following year, fungicide applications were
made on 13 June, 27 June, 11 July, 25 July, and 8 August. The control
subplot in each whole plot was left unsprayed. In both years, calcium
nitrate was injected into the irrigation water at a rate of 7 pounds per acre
and applied at weekly intervals throughout the growing season. The
plots were watered as needed. On 27 June and 22 July, plant vigor was
rated on a 0 to 5 scale where 0 = dead plant, 1 = stunting and severe
chlorosis, 2 = chlorosis, 3 = average but unexceptional growth, 4 =
attractive foliage and flowers, and 5 = dark green foliage and heavy
flower set. The percentage of surviving plants was determined on 27
June, 22 July, 15 August, and 17 September 2000 and on 21 June, 17
July, 1 August, and 26 August 2001.
Results and Discussion: In 2000, significant differences in vigor ratings
were noted among the four soil treatments at both dates (Table 1). On
27 June, the highest vigor ratings were recorded for vinca planted in the
Dowfume 98‰-treated plots. The vigor ratings for vinca established in
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the Vapam‰-treated plots were statistically similar to those grown in the
Dowfume 98‰-treated plots. Soil solarization was not effective in
maintaining plant quality and vigor. The ratings of vinca grown in untreated plots did not differ from those recorded for vinca grown in the
solarization plots. Heritage 50W‰ had no impact on plant vigor. For all
four soil treatments, the vigor ratings of fungicide-treated vinca did not
significantly differ from those of the unsprayed plants. On 22 July, soil
treatments alone appeared to have less impact on plant vigor when
compared with the early rating date.
One month after plant establishment in 2000, the lowest survival rate
was noted for vinca in the untreated plots (Table 2). At the July and
August rating dates, the survival rate of vinca planted in the soil solarization plots, as well as those in the Vapam‰ and Dowfume 98‰-treated
plots, did not significantly differ from the survival rates in untreated plots.
Over the same time period, Heritage 50W‰ did not improve plant
survival in the fumigated and soil solarization plots, nor in the untreated
controls. In addition, the overall survival rate in all of the main plots
gradually declined over time. At the 17 September rating date, the
survival rate for vinca in the solarization and fumigated plots did not
significantly differ from survival rates recorded in the untreated plots.
Among the main plots, Heritage 50W‰ improved the survival rate of
vinca only in those plots fumigated with Vapam‰.
When compared with the untreated control, the level of plant survival at
the 21 June 2001 rating date was significantly higher in plots fumigated
with Vapam‰ and Dowfume 98‰ but not in the soil solarization plots
(Table 2). Overall, the survival rate for annual vinca in the soil solarization plots was intermediate between the levels recorded for the fumigated
plants and the untreated control. A considerable decline in stand counts
was noted in all of the main plots between the 21 June and 17 July rating
dates. When compared to a survival rate of 7% for the untreated control
on 17 July, a significant increase in plant survival was noted only in those
plots treated with Vapam‰. In contrast, survival rates of 3% and 17% for
the soil solarization and the Dowfume 98‰-treated plots on 17 July,
respectively, were similar to survival rates for the untreated control. On
both August rating dates, plant survival levels noted in the fumigated and
soil solarization plots did not differ significantly from those recorded in the
untreated controls. By the final rating date, all vinca in the untreated
control and soil solarization plots, as well as those fumigated with
Vapam‰ or Dowfume 98‰, had succumbed to Phytophthora root rot.
With the exception of the first rating date, the survival of vinca in plots
fumigated with Vapam and Dowfume 98‰ was significantly enhanced by
applications of Heritage 50W‰ in 2001. At the last three rating dates,
233

SNA RESEARCH CONFERENCE - VOL. 47 - 2002
the survival rates in the Vapam‰ + Heritage 50W‰ and Dowfume 98‰
+ Heritage 50W‰-treated plots, which were statistically similar, were
significantly greater than those recorded in the control subplots treated
with Heritage 50W‰. Percent plant survival was not significantly
increased by Heritage 50W‰ in the untreated controls or in the soil
solarization plots.
Significance to Industry: Across the Southeast, Phytophthora shoot
blight and root rot are a common and destructive diseases in landscape
plantings of annual vinca. In beds infested with P. parasitica, fumigation
with Vapam‰ and Dowfume 98‰ proved as ineffective as soil solarization in providing season-long control of Phytophthora shoot blight and
root rot of annual vinca. Heritage 50W‰ treatments increased plant
survival, particularly in the plots fumigated with Vapam‰ and Dowfume
98‰, slowed the rate of disease development. The overall level of
disease control by Heritage 50W‰ was unacceptable.
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Table 1. Effect of soil treatment and protective fungicides on the vigor of
annual vinca ‘Pacifica Pink’ at the Brewton Experiment Field, 20001.
Vigor Ratings3
Soil Treatment
Soil Solarization
Vapam
Dowfume 98
Untreated

Fungicide2
No
Yes
No
Yes
No
Yes
No
Yes

LSD (P=0.05)

27
Jun
2.7 bcd4
2.6 cd
3.6 abc
3.6 abc
4.4 a
4.2 ab
1.5 d
2.3 cd
1.6

22
Jul
1.5 c
2.0 bc
2.6 abc
3.8 a
2.6 abc
3.8 a
2.0 bc
2.2 abc
1.9

1

On 22 May 2000, twelve (12) ‘Pacifica Punch’ annual vinca were
planted in each whole plot.
2

Of the 12 plants in each whole plot, six in one subplot were treated with
the fungicide Heritage 50W and the remaining six plants were left
untreated.
3

On 27 June and 22 July 2000, plant vigor was rated on a 0 to 5 scale.
Mean separation within columns was according to Fisher’s Protected
Least Significance Test (P=0.05).
4
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Economic Significance to Nursery Production
of Phytophthora Species Present in Irrigation Water
Chuan Hong, David Cohn, Ping Kong, and Patricia A. Richardson
Hampton Roads Agricultural Research and Extension Center,
Virginia Tech, Virginia Beach, VA 23455
Index words: Phytophthora, Recycling Irrigation
Nature of work: The presence of Phytophthora species in irrigation
water at ornamental crop nurseries has been documented. Phytophthora
spp. previously isolated from irrigation water include: P. cactorum [Lebert
and Cohn] J. Schröeter (1, 3), P. capsici (1, 3), P. cinnamomi Rands (4,
5, 7), P. citricola Sawada (1, 3, 5, 7); P. citrophthora [R. E. Smith and E.
H. Smith] Leonian (1, 3, 5, 7), P. cryptogea Pethybridge and Lafferty (1,
4, 5, 7), P. drechsleri (1, 3), P. megasperma Drechsler (5), P. nicotianae
Breda de Haan (synonym P. parasitica Dastur) (1, 3, 4, 5, 7). Some of
these species accumulated in irrigation systems at nurseries following
adoption of recycling irrigation practices (7).
Phytophthora species are a group of very common and destructive
pathogens that attack numerous ornamental plants during nursery
production. Pathogenicity and economic significance of Phytophthora
species recovered from irrigation water, however, were poorly understood. Bush (1) recently demonstrated that four of the six species
recovered from an irrigation system at a nursery in southwestern Virginia
caused significant mortality of sage (Salvia officinalis L.), and asymptomatic plants had quiescent infection by the other two species evaluated.
Previously, a few studies have showed a positive correlation between
irrigation with plant pathogen-contaminated water and plant disease.
MacDonald et al. (6) demonstrated that recycled irrigation water can
harbor significant levels of fungal propagules, which when used over time
to irrigate crops, resulted in contamination of container crops and/or root
colonization by members of the Pythiaceae. But conclusive evidence
regarding the significance of Phytophthora species present in irrigation
water still is lacking.
In this study, we demonstrated through field plots that recycled irrigation
water was the sole source of inoculum responsible for foliage blight
epidemics of annual vinca (Catharanthus roseus L.) caused by
Phytophthora nicotianae. Field plots received two treatments:
nonchlorinated recycled water and well water. To avoid cross contamination, treatment plots were located at different locations. The
nonchlorinated water plot was located at a commercial nursery in eastern
Virginia. The location was never used for nursery crop production but
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was about 30 feet away from a production area where plants were
irrigated with chlorinated water. The plot surface also was covered with
black polyethylene to eliminate introduction of inoculum from field soil.
The well water treatment plot was placed at Virginia Tech’s Hampton
Roads Agricultural Research and Extension Center (HRAREC) in Virginia
Beach, VA. Due to the nature of the test, multiple plant species and
cultivars were included, but no replicated plots were attempted for each
treatment.
Six test plants were used (Table 1). ‘Pacifica Red’ vinca, nandina,
Rhododendron ¥ ‘Hershey’s Red’ plugs and liners were purchased from
nurseries in Canada, North Carolina, and Alabama. ‘Little Bright Eye’
vinca was seeded in Metro Mix 360 at the HRAREC. The other test
plants were rooted on the farm where the test was performed. These
plugs and liners were tested and found to be free of Phytophthora
contamination before being added to the plots. For annuals, three plugs
with 3 to 4 seedlings per plug were potted in new three-gallon containers
with pine bark medium incorporated with fertilizers using the same
formula as was used at the nursery. For shrubs, one liner was potted in
each container. Fifteen containers of each test plant were placed at the
plots at different times during the summer of 2001 (Table 1). Plants were
sprinkler irrigated three times a day in the summer months, then once a
day into the fall months. They were not exposed to any fungicides,
pesticides, any artificial inoculum throughout the test.
Test plants were assessed for foliage blight monthly, and the number of
containers with blighted plants was noted. At the first observations of
disease symptoms, blighted branches were taken to the lab and isolations were performed to determine the causal agent, using a selective
medium PARP-V8 (2). Disease incidences were compared between the
two irrigation regimes using Fisher’s Exact Test (SAS Institute, 2002).
Results and Discussion: ‘Pacifica Red’ vinca plants in both plots were
apparently healthy on July 15, 2001. However, on August 17, severe
foliage blight occurred in the test plot irrigated with non-chlorinated
recycled irrigation water. By September 7, ‘Pacifica Red’ vinca plants in
all containers were severely blighted. No plants were marketable. P.
nicotianae was isolated from blighted branches. In contrast, the plants
irrigated with well water remained healthy until first frost, and
Phytophthora spp. were not recovered from any ‘Pacifica Red’ vinca in
the well water plot. An outbreak of Phytophthora blight occurred on ‘Little
Bright Eye’ vinca plants irrigated with recycled water in late September
and October. These data suggest that recycled water was the sole
source of inoculum responsible for the foliage blight in this test. To date,
disease symptoms have not been observed in aboveground portions of
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any shrubs tested, but this is not unexpected. The test continues into the
second year (2002). We also will re-test ‘Pacifica Red’ vinca and include
the annual vinca cultivar ‘Santa Fe’ in the plot.
Significance Industry: As demand for water rises and its supply
dwindles, recycling irrigation is becoming a common practice in nursery
production. This study for the first time provides direct evidence demonstrating that recycled irrigation water can be responsible for Phytophthora
blight of annual vinca (Catharanthus roseus) in commercial nursery
conditions. The results of this study suggest that (i) recycled irrigation
water is a primary, if not the sole, source of inoculum for some
Phytophthora disease epidemics in nursery operations, and (ii) pathogen
monitoring and water disinfestation is warranted if Phytophthora species
are detected. Techniques for detection and management of these
pathogens should be given immediate attention.
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Table 1. Species and inclusion dates of test plants in 2001
Species

Cultivar

Date *

Abelia sp.
Catharanthus roseus

Edward Goucher
Pacifica Red
Little Bright Eye
Lynnwood Gold

August 24
June 19
August 24
June 29
June 29
August 24
August 7

Forsythia sp.
Nandina domestica
Rododendron yedoense
Rododendron sp.

Poukhanense
Hershey’s Red
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Efficacy of Systhane, Eagle, and Gavel
on Botrytis Blight of Annual Vinca
Chuan Hong and David Cohn
Virginia Polytechnic Institute and State University
Hampton Roads Agricultural Research and Extension Center
Virginia Beach, VA 23455
Index Words: Chemical Control, Botrytis cinerea, Botrytis blight
Nature of work: Botrytis cinerea is an economically important plant
pathogen due to its ubiquitous occurrence and broad host range (1).
This study was conducted to evaluate the efficacy of three fungicides on
botrytis blight of annual vinca (Catharanthus roseus cv. ‘Little Bright
Eye’).
Annual vinca was seeded in Metro Mix 360 in 144-cell flats. Seedlings
(1.5 months old) were transplanted into pine bark in 2-quart Olympian
Squares (5.25 ¥ 5.25 in) (Nursery Supplies, Inc.) with one plant in each
corner. Transplants were then grown in a water-heated glass greenhouse for 70 days following the practices as described previously (2).
They then were moved to an unheated plastic greenhouse on February
15, 2002 for fungicide treatment and exposure to natural inoculum.
Three fungicides (Table 1) were included in the test plus an untreated
control, which was sprayed with distilled water. The four treatments were
arranged in a randomized complete block design. There were four blocks
with four pots per treatment in each block, i.e., 16 plants per treatment
per block. Fungicide treatments started on February 15, 2002, and were
applied weekly. The last fungicide treatments were applied on March 22,
2002. The test plants were removed from the blocks, sprayed with the
fungicides, and then replaced in their randomized positions each time.
Plants were sprayed uniformly to run-off using hand sprayers. Plants
were irrigated without wetting leaves to avoid removal of fungicide
residues.
Diseased plants (exhibiting symptoms of Botrytis blight) were placed
between and around the blocks, but never touching any of the test
plants. However, there was not sufficient disease development during
the first month of the experiment due to dry weather conditions. Therefore, the experiment was extended, and the test blocks were irrigated
and subsequently covered with plastic sheets to enhance disease
development. This resulted in severe disease development on the
untreated plants.
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Disease incidence was assessed by counting the number of plants with:
(1) diseased petals, (2) diseased leaves, (3) diseased stems, and (4) any
disease. Plants with blighted petals, leaves, or stems in each treatment
were counted on March 10 and 22 and April 4. The first two disease
assessments were made 7 days after a fungicide application and the last
assessment was made 14 days after the last fungicide application.
Disease incidence data were compared for each plant part using analysis
of variance (SAS Institute, Cary, NC). Only the data from the second and
third assessments are presented in this report.
Results and Discussion: All three fungicides significantly reduced
disease incidence on petals (P<0.001), leaves (P=0.0104), and plants
(P=0.0071) during the second assessment (Figure 1A). However, there
was no significant difference among individual fungicide treatments in
any category. Gavel and Eagle also reduced (P=0.0500) disease
incidence on stems. The three fungicides also significantly reduced
disease incidence on leaves (P =0.0028), stems (P=0.0325), and plants
(P=0.0271) during the third assessment, 14 days after the last fungicide
treatment (Figure 1B). Gavel was the most effective fungicide, Eagle
was the next best, and Systhane was the least effective of the three,
based on the data analysis of disease incidence on stems. All, however,
significantly reduced infestation on leaves and plants by B. cinerea, when
compared to the control, even 2 weeks after fungicide application (Figure
1B). Although Gavel was the most effective, there was a noticeable
whitish yellow residue left on the leaves of the test plants after spraying.
This is an undesirable trait, especially when applied on ornamentals.
The other treatments showed no such signs of residue.
Significance to Industry: Botrytis blight is one of the most economically important diseases that attacks numerous ornamental plants under
cool, wet conditions. This study provides some data on the efficacy of
three fungicides for controlling this disease and information concerning
plant quality after fungicide application.
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Table 1. Fungicides and rates used in this study
Trade name

Active ingredient

Formulation

Rate (/100 gallon)

Eagle

Myclobutanil

20EW

8 fl oz

Gavel

Mancozeb + zoxamide

75WG

2 lb

Systhane

Myclobutanil

40W

3 oz
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Figure 1. Incidence of Botrytis blight on annual vinca assessed on: (A)
March 22, 2002, 1 week after fungicide application and (B) on April 4,
2002, 2 weeks after fungicide application. Each bar represents a mean
disease incidence of four replicates with 16 plants per replicate; error
bars are standard errors.
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Fungicide Efficacy and Spore
Dispersal of Cercosporidium
Needle Blight on Leyland Cypress
Jean L. Williams-Woodward1 and James W. Buck2
University of Georgia, Dept. of Plant Pathology,
1
Athens, GA 30602, 2Griffin, GA 30223
Index Words: Leyland cypress, _Cupressocyparis leylandii, Needle
Blight, Fungicide, Spore Dispersal, Cercosporidium sequoiae
Nature of Work: Needle blight, caused by Cercosporidium sequoiae
(Ellis and Everh.) Baker and Partridge (syn. Asperisporium sequioae
[Ellis and Everh.] Sutton and Hodges; Cercospora sequoiae Ellis and
Everh.) (1), has become a serious disease of Leyland cypress
(_Cupressocyparis leylandii) within container and field nurseries. Symptoms of the disease are first seen on lower branches closest to the main
stem. Infected individual needles and small twigs turn yellow, brown, and
eventually gray, and drop from the plant. During warmer, humid conditions, the fungus produces olive-brown “tufts” consisting of conidiophores
and fungal spores on the blighted tissues that can be seen through a
hand lens or dissecting microscope. The disease spreads upward and
outward within affected trees until only the tips of infected branches
remain green. Severely infected young plants can be killed. Older
infected trees have open, thin, brown foliage, and are not salable.
Information on needle blight disease development and control on
Leyland cypress is based primarily on general observations and extrapolations from what is known about the disease on juniper species (5).
Needle blight symptoms on Leyland cypress and junipers most commonly are seen in the late summer and fall, but infection on junipers has
been reported to occur in the late spring and summer (5). Information on
Leyland cypress varies somewhat; infection has been speculated to
occur year round in Florida (4), and spores are present throughout the
spring and summer in North Carolina (2) and spring and fall in Alabama
(3). Fungicide control recommendations also vary from applying fungicides from bud break until new growth matures in the spring (2) to
spraying continuously through the summer and fall to control the disease
(3). It is recommended on junipers to begin fungicide application by June
1 and continue until mid-July, and that fungicide applications at other
times of the year are ineffective (5). Since little is known about needle
blight disease on Leyland cypress in the Southeast, it is difficult to
provide approximate disease control recommendations for this disease.
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Cercosporidium spore dispersal was monitored within a field planting of
naturally infected Leyland cypress trees. Twenty 7-gal trees were
planted in five rows of four trees equidistantly spaced 6 feet apart at the
University of Georgia Horticultural Research Farm in Watkinsville, GA in
May 2001. Trees were mulched with pine straw but were not irrigated or
fertilized after planting. A spore sampler (Rotorod® sampler Model 20;
Multidata LLC, St. Louis Park, MN) was placed with collector rods 3 ft off
the ground in the center of the planting. Collector rods were exposed to
air for 30 seconds every 10 minutes. Spore collector rods were replaced
every week beginning 22 June 2001. Spores of Cercosporidium were
identified and counted by mounting spore collector rods on a microscope
slide adapter and viewing at 200-400X. Spore numbers were recorded
as the number of spores per 10 m3 of air (the amount of air that passed
by the collector rods over a period of 7 days).
Fungicide efficacy was determined by spraying five single-plant replications with each of 14 fungicide treatments arranged in a randomized
block design at the Center for Applied Nursery Research, Dearing, GA.
Naturally infected 3-gal Leyland cypress (cv. Leighton Green) trees were
shifted into 7-gal containers in July 2001. Plants were irrigated overhead
daily for 40 minutes. Fungicides were applied beginning 5 September
2001 with the last application being made to all treatments on 31 October
2001. Plants were rated for percentage of plant canopy defoliated due to
needle blight disease and the number of infection sites on the most distal
6-inch section of the previous season’s growth on 12 December 2001.
Results and Discussion: Cercosporidium spores were detected during
the week of 22-29 June 2001. Spore counts remained relatively low and
constant until the last week of July when the number of spores caught on
the spore collector rods began to increase (Figure 1). Spore dispersal
and capture continued to increase through August, September, and
October. Spikes in spore capture may be related to weather events;
however, data analysis and correlation with weather events have yet
been completed. Spore numbers decreased through November and
December 2001, and no Cercosporidium spores were captured on the
spore collector rods from January through 10 June 2002. Spore counts
from mid-June through 25 July 2002 were similar to the same period in
2001. Data are still preliminary and a similar study is currently being
conducted within a container nursery on plants exposed to overhead
irrigation. However, it appears that fungicide applications to control
Cercosporidium needle blight disease in Georgia should begin by midJune. However, applications made when symptoms first appear in
August through September have been shown to be effective in reducing
disease spread and development the following year (not all data shown).
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Fungicide recommendations for Cercosporidium needle blight vary, with
copper-containing fungicides being recommended most frequently (2, 5).
All fungicides evaluated in this study reduced Cercosporidium infection
compared to untreated plants (Table 1). Defoliation also was reduced by
all fungicides evaluated except Banner MAXX® and Medallion®. Disease pressure was high, and the first fungicide application was applied
after spores were present so control was not as effective as hoped.
Fungicide applications did reduce disease severity on trees the following
spring and summer (data not shown).
Significance to Industry: Cercosporidium needle blight is the most
damaging disease of Leyland cypress in container and field nurseries,
Christmas tree farms, and landscapes. Spraying Leyland cypress trees
every 7 to 10 days from spring through fall is not practical or cost effective; therefore targeting fungicide applications to periods of spore dispersal should reduce pesticide use and labor costs. Identifying fungicides that effectively control the disease gives growers better options for
effective disease management.
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1. Baker, W.A., E.C. Partridge, and G. Morgan-Jones. 2000. Notes on
Hyphomycetes. LXXVII. Asperisporium sequoiae, the causal organism of conifer needle blight, reclassified in Cercosporidium, with
comments on the status of the genus. Mycotaxon 76:247-256.
2. Benson, M., L.F. Grand, and R.K. Jones. 2001. Diseases of Leyland
cypress. North Carolina State University, (http://www.ces.ncsuedu/
depts/pp/notes/Ornamental/odin17/od17.htm)
3. Hagan, A. 2001. Cercospora needle blight of Leyland cypress.
Alabama Cooperative Extension, ANR-1196.
4. Leahy, R.M. 2000. Cercosporidium blight of Leyland cypress and
related conifers. Florida Dept. Agric. and Consumer Services, Plant
Pathology Circular No. 397, 4 pp.
5. Tisserat, N.A. 2001. Juniper Diseases. Kansas State University
Agricultural Experiment Station and Cooperative Extension Service,
C-711, 11 pp.

247

SNA RESEARCH CONFERENCE - VOL. 47 - 2002

248

SNA RESEARCH CONFERENCE - VOL. 47 - 2002

249

SNA RESEARCH CONFERENCE - VOL. 47 - 2002

Predisposition of Leyland Cypress to
Canker Disease by Water Stress
D.R. Ashburn, M.T. Windham, W.E. Klingeman,
C. Canaday, and A.S. Windham
University of Tennessee, Entomology and Plant Pathology,
Knoxville, TN 37996-4500
Index Words: x Cupressocyparis leylandii, Seirdium Canker,
Botryosphaeria Canker
Nature of Work: Leyland cypress, x Cupressocyparis leylandii (A.B.
Jacks. and Dallim.) Dallim., is a popular ornamental evergreen and is
used as Christmas trees, quick growing screens, and hedges (2).
Leyland cyrpess is not considered a long term investment because of
susceptibility to Seiridium unicorne (Cooke and Ellis) Sutton, and
Botryosphaeria dothidea (Moug.:Fr) Ces. and De Not. (3,4). Environmental stress, especially drought stress (3), may predispose plants to
infection by these fungi. Sandrock et al. (1) inoculated Atlantic white
cedar (Chamaecyparis thyoides L.) with Seiridium spp. and
Botryosphaeria spp. prior to initiating water stress and found that canker
length was greater for plants inoculated with Seiridium spp. when compared to those inoculated with Botryosphaeria spp. Our objective was to
determine if drought stress and/or flooding influenced susceptibility of
Leyland cypress to canker diseases.
Leyland cypress trees growing in Classic 300-S containers (Nursery
Supplies, Inc.: Orange, CA) were either subjected to short term flooding
(left standing in water for five days and then permitted to dry out two
days), drought stress (water was withheld until shoot water potential
reached -2MPa, which was measured with a Plant Water Stress Console
3000 Series, Model 305 [Soil Moisture Equipment Corporation; Santa
Barbara, CA]) or watered daily. Stress cycles were applied five times
before inoculation treatments were applied. After stress cycles were
completed, inoculations with either one of three isolates of S. unicorne or
two isolates of B. dothidea (all isolated from Leyland cypress) were
accomplished by wounding tree stems with a wood rasp to expose
cambium, placing a twig colonized with a fungal isolate against the
wound and wrapping the wounds and fungi infested twigs with moistened
cheesecloth, aluminum foil, and parafilm. Each stress/inoculation
combination was replicated five times. Length and width of exterior
(surface cankers) as well as interior cankers (cambium discoloration)
were recorded eight weeks after inoculation. Trees, which were wounded
but not inoculated with fungi, served as controls. The experiment was
conducted twice. Plots were arranged in a completely random design.
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Data were analyzed using an ANOVA procedure (SAS Institute: Cary,
NC). When significant differences were found, means were separated
using Student-Newman-Keuls test.
Results and Discussion: Trees used as controls, which were wounded
like inoculated trees, healed without forming cankers in both experiments. Longitudinal sunken cankers were evident in trees inoculated
with S. unicorne and many plants exhibited symptoms of dieback and
resinosis as described previously (3,4). Trees inoculated with B.
dothidea showed neither characteristic sunken cankers, dieback, nor
resinosis as described previously (4).
Seiridium unicorne was more virulent than Botryosphaeria dothidea on
Leyland cypress. Lengths of external and interior cankers were observed
to be greater for trees inoculated with the isolates of S. unicorne than
those colonized with B. dothidea in both experiments (Fig. 1). Interior
canker length was greater in trees exposed to drought treatments than in
trees exposed to flooding or normal watering (Fig.2). Therefore, cultural
control tactics for Seiridium canker on Leyland cypress should include
regular irrigation during periods of drought to avoid exposing plants to
moisture stress. This research suggests that trees exposed to drought
stress are more likely to develop cankers resulting from infections by
Seiridium unicorne than are trees receiving adequate or excessive water
regimes.
Significance to Industry: To reduce susceptibility of Leyland cypress to
Seiridium canker during periods of drought, trees should be irrigated
regularly.
Literature Cited:
1. Sandrock, D.R., J.L. Williams-Woodard and M.A. Dirr. 1999. Susceptibility of Atlantic white cedar cultivars to Botryosphaeria and
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Figure 1. Mean exterior (A) and interior (B) canker lengths for Leyland
cypress. The experiment was repeated twice (Exp. 1 and 2). Canker
length was measured eight weeks after inoculation. Means followed by
the same letter are not significantly different based on Student- NewmanKuels test at ä=0.05. S. unicorne signifies all isolates of Seiridium
unicorne and B. dothidea signifies all isolates of Botryosphaeria dothidea
used for inoculation.
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Figure 2. Effect of watering treatments on mean interior canker lengths
for all fungal isolates in each experiment. Canker length was measured
eight weeks after inoculation. Treatments were five cycles of drought, five
cycles of flooding or watering every day (normal) before inoculations
were made. Means followed by the same letter are not significantly
different based on Student Newman Kuels test at ä=0.05.
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Mouse Ear of River Birch: A Puzzling Problem
on Container-Grown Nursery Stock
Steven N. Jeffers1, William L. Bauerle2, and Anthony Melton3
Clemson University,
1
Department of Plant Pathology & Physiology, 2Department of
Horticulture, Clemson, SC 29634;
3
Cooperative Extension Service, Florence, SC 29505
Key Words: Betula nigra, Mouse Ear, River Birch, Roots
Nature of Work: River birch (Betula nigra) is an important ornamental
crop in the southeastern region of the United States. It is a popular tree
used in a diversity of landscapes and, therefore, is grown extensively in
nurseries. Its natural habitat extends from Massachusetts in the north to
Florida in the south and from the east coast to Kansas and Texas (Dirr;
Little). This species is adapted to wet soils, like those near streams,
lakes, and swamps (Dirr; Little). Therefore, it is well suited to soils in the
landscape that are wet periodically during the year (Dirr). In commercial
production, river birch is grown from both seeds and cuttings and is
produced in containers and the field.
Overall, river birch is a relatively problem-free tree in the landscape
(Dirr). In the nursery, it has only a limited number of disease problems
(Clement). However, over the past 5 to 10 years, a problem called
“mouse ear” has become serious in some nurseries. Based on communications with Extension colleagues and disease diagnostic laboratories
in the eastern United States, this problem has occurred in South Carolina, North Carolina, Georgia, Tennessee, Ohio, and Minnesota, and it is
likely that it occurs in other states as well. Mouse ear appears to be a
problem primarily on container-grown plants; to date, we have not been
able to document occurrence of this problem on field-grown plants. The
problem often is associated with the cultivar Heritage, but this cultivar is
one of the most common cultivars produced in containers by clonal
propagation. In South Carolina, it also has occurred on the clonal
cultivar DuraHeat and on plants grown from seeds. Mouse ear usually
takes several seasons to develop and has been observed frequently on
larger trees grown in pot-in-pot production systems. In South Carolina in
recent years, some nurseries have discarded large numbers of river birch
trees or stopped growing this species because of the mouse ear problem. Considerable economic losses have occurred.
Trees affected by the mouse ear problem have distinctive symptoms and,
therefore, are easy to locate in the nursery. Overall, plants may be
stunted and unthrifty—depending on the duration of the problem. The
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most striking and characteristic symptom is the appearance of the
leaves, which are small, cupped downward, dark green in color, and
have necrotic margins (Figures 1 & 2). These leaves look somewhat like
the ears on a mouse, hence the name “mouse ear”. Symptoms on
container-grown plants tend to become more severe in successive
growing seasons, and affected trees usually are unsuitable for sale. In
recent years, river birch trees with mouse ear symptoms have been
examined by several diagnostic laboratories in the Southeast, including
the Plant Problem Clinic at Clemson University. These examinations
have determined that mouse ear does not appear to be caused by
herbicide injury, macro nutrients, or plant pathogens (i.e., fungi, bacteria,
nematodes, viruses). Therefore, the cause of this problem to date has
not been identified. Similar symptoms have been observed on pecan
trees in established orchards in Georgia, and the cause of this disorder
may involve edaphic and environmental factors as well as tree physiology (Wood & Reilly).
In 2001, we observed a planting of 2-year-old river birch seedlings in 1gallon pots at a nursery in Darlington Co. Some of these plants had
mouse ear symptoms and some did not. Roots on affected plants
remained in the pots while those on non-affected plants had grown out
through holes in the pots and were established in the field soil. Consequently, we hypothesized that mouse ear is a physiological response
when river birch trees are grown in containers and root growth becomes
restricted in some way. A field trial was established to test this hypothesis. In November 2001, 60 river birch seedlings in one-gallon pots were
obtained from the nursery in Darlington Co., including 30 seedlings with
and 30 seedlings without mouse ear symptoms. For each set of 30
plants, 10 were left in 1-gallon pots, 10 were transplanted into 10-gallon
pots, and 10 were transplanted into the field. Plants in pots were placed
on pallets at a nursery in Florence, SC so roots could not grow into field
soil. Plants received routine care and maintenance and were observed
for symptom development during the 2002 growing season.
Results and Discussion: Results to date are preliminary. Unfortunately, most of the seedlings left in 1-gallon pots did not survive due to
insufficient water over the winter and in the early spring. All plants
transplanted to 10-gallon pots or into the field survived and grew well.
Plants in 10-gallon pots and in the field that initially had normal growth
(i.e., no mouse ear symptoms) produced normal leaves and had no
symptoms of mouse ear. Those transplanted into 10-gallon pots grew
vigorously and flourished in the larger pots. In 2002, the first new leaves
on mouse ear-affected plants in 10-gallon pots and in the field initially
had mouse ear symptoms. However, as the season progressed, new
leaves at the distal ends of shoots became less distorted and appeared
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more normal. Overall, these plants were smaller than those without
symptoms, but they appeared to be out-growing the mouse ear problem.
We will continue to monitor these plants next year.
Please note: We would like to hear from people in other states who
have seen mouse ear on river birch so we can document the distribution
of this problem. Please contact Steve Jeffers (phone: 864/656-7157;
email: sjffrs@clemson.edu).
Significance to Industry: The mouse ear problem has been observed
on river birch trees grown in containers at nurseries in at least six states
and probably occurs in other states as well. Mouse ear does not appear
to be a disease problem but, instead, appears to be a physiological
disorder. Determining the cause of this problem and an appropriate
management strategy should improve production of river birch in containers and reduce economic losses associated with the problem.
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Figure 1. Comparison of a shoot from a tree with mouse ear (top) with
one from another tree without mouse ear (bottom).

Figure 2. Close-up of leaves with mouse ear symptoms.
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Galling Response of 50 Woody Landscape Species
Grown in Meloidogyne incognitaand M. arenaria-infested Soils
Mack Thetford and Robert A. Kinloch
University of Florida
West Florida Research and Education Center, Milton, FL 32583
Index Words: Nematode, Meloidogyne, Incognita, Arenaria, Root, Gall
Nature of Work: The root-knot nematode species, Meloidogyne incognita and M. arenaria are widespread in the soils of northwest Florida. The
susceptibility of most horticultural crops to indigenous populations of
these plant-parasitic nematodes is presently unknown. Unlike annual
plants, woody ornamentals have the potential to increase initial nematode population densities well beyond the initial planting year. Such an
increase in nematode population density may ultimately result in situations where threshold levels of nematodes are exceeded for either the
woody ornamental and other surrounding plants. Determining the host
susceptibility of woody ornamental species to these root-knot nematode
species may assist in identifying tolerant or resistant species or cultivars.
During 1998 to 2001, four experiments were initiated where 50 taxa of
woody landscape ornamental species were evaluated for root galling
after 3 months in two field soils separately infested with the southern
root-knot nematode, Meloidogyne incognita - race 1, and the peanut rootknot nematode, Meloidogyne arenaria - race 2 at the West Florida
Research and Education Center, Santa Rosa County, FL. Transplants of
woody species were produced from stem cuttings grown in a 72-cell plug
flat using Fafard Mix #52 (Tables 1-4). Twelve transplants of each
species were potted into 15-cm diameter pots with 6 plants potted in M.
arenaria- and 6 plants in M. incognita-infested soil. Seeds of ‘Rutgers’
tomato (Lycopersicon esculentum) were sown in 15-cm diameter pots
containing separate infestations of M. arenaria- or M. incognita to serve
as nematode-susceptible controls. Plants were maintained in a greenhouse and grown for a period of three months. Root systems were
washed free of soil and galling was rated using the following indices: 0 =
no galling; 1 = 1 - 2 galls; 2 = 3 - 10 galls; 3 = 11 - 30 galls; 4 = 31 - 100
galls and 5 >100 galls per root system (2). The four experiments were
potted on Oct 4, 1998, March 4, 1999, June 28, 1999 and Oct. 30, 2000
and the respective harvest and evaluation dates were Feb. 15, 1999,
June 28, 1999, Sept. 1, 1999 and March 26, 2001. Gall ratings were
subjected to the non- parametric Kruskal-Wallis test and analysis of
variance. Means separation was accomplished with Fishers Protected
LSD at the 5% level.
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Results and Discussion: Gall ratings for the 50 taxa of woody landscape ornamentals ranged from 0 to 5.0 with 21 taxa exhibiting susceptibility to one or both species of root knot nematode (Tables 1 - 4). Gall
ratings for taxa classified here as susceptible ranged from 3.0 to 5.0. The
21 taxa exhibiting susceptibility represent 8 genera including Buddleia,
Buxus, Caryopteris, Euonymus, Forsythia, Gardenia, Hydrangea, and
Ilex. Gall ratings for the remaining 28 taxa ranged from 0 to 2.7 indicating
this group of plants contained species that were not hosts for root knot
nematodes as well as species that may serve as a minor host. The 29
resistant taxa represented 16 genera including Aucuba, Berberis,
Buddleia, Chamaecyparis, Euonymus, Forsythia, Gardenia, Ilex, Kerria,
Loropetalum, Miscanthus, Raphiolepis, Serissa, Spiraea, Viburnum and
Vitex. Both susceptible and resistant taxa were represented by the
genera Buddleia, Euonymus, Forsythia, and Gardenia.
Fourteen selections of Buddleia represented the largest group of related
taxa within our tests and all but two taxa were susceptible to both species of root knot nematode (Gall ratings = 3.5 to 5.0). However, Buddleia
salvifolia was not susceptible to M. incognita (Gall rating = 2.7) but was
susceptible to M. arenaria (Gall rating = 3.7) while Buddleia nivea
appeared to be resistant to both nematode species with gall ratings of
2.5 for M. incognita and 2.1 for M. arenaria . All other Buddleia taxa
included in these tests were varieties, hybrids or cultivars of Buddleia
davidii. The differing responses for the three species suggest potential
resistance to root knot nematodes may exist among Buddleia taxa and
should be identified for use in future breeding programs.
Gardenia has been known to be a host for root knot nematodes (1).
Among the five Gardenia taxa tested only Gardenia radicans was
classified as susceptible, but only to M. incognita. Gall ratings for Gardenia fortunei, a species long used as a rootstock for susceptible selections
of Gardenia, were 1.7 for M. incognita and 1.0 for M. arenaria. Among
the remaining Gardenia taxa, Gardenia angusta ‘Variegata’ exhibited the
greatest potential to serve as a host to M. arenaria with a gall rating of
2.7.
Susceptibility among members of the Verbenaceae plant family differed
with gall ratings indicating all three Caryopteris taxa were susceptible to
both M. incognita and M. arenaria while Vitex rotundifolia was not.
Differential susceptibility within the same genus was also evident as
demonstrated by Forsythia and Euonymus taxa . Forsythia koreana
‘Ilguang’ and Euonymus japonicus ‘Green Spire’ were resistant to both
M. incognita and M. arenaria while Forsythia giraldiana ‘Golden Times’
was susceptible to both M. incognita and M. arenaria and Euonymus
kiautchovicus ‘Manhattan’ was susceptible only to M. arenaria.
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Significance to Industry: Data from these experiments indicate
Buddleia and Caryopteris serve as a host of moderate to high susceptibility for these two root knot nematodes. If it is considered that a galling
score of 1 or less indicates a good level of resistance, many genera
included in these experiments would qualify as resistant to M. arenaria
and M. incognita. A higher incidence of galling on plants grown in M..
arenaria-infested as compared to plants grown in M. incognita- infested
soils as occurred with taxa such as Euonymus kiautchovicus ‘Manhattan’
or Buddleia salvifolia, suggests differential resistance to these root-knot
species. Further studies are needed to determine the reproduction of
both root-knot nematode species on larger collections of these various
taxa to determine the potential of these woody landscape species for
increasing soil infestations of these nematodes. These results also
suggest a need for evaluating root-knot nematode susceptibility as a
criterion for selecting potential cultivars of popular landscape species
such as Buddleia, Forsythia, Gardenia and Euonymus.
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Table 1. Galling response of woody ornamentals grown in two field soils
separately infested with the southern root-knot nematode, Meloidogyne
incognita race 1, and the peanut root-knot nematode, Meloidogyne
arenaria race 2; potted Oct. 4, 1998 and evaluated Feb. 15, 1999.
M. incognitaz
Mean Std Dev

M. arenariay
Mean Std Dev

Species

Cultivar

Buddleia davidii

Bonnie

3.8

0.4

5.0

0

Buddleia davidii

White Profusion

4.5

0.54

5.0

0

2.7

0.51

3.7

1.21

Buddleia salvifolia
lex

Nellie R. Stevens

3.5

0.54

2.7

0.51

lex crenata

Hoogendorn

2.7

0.51

2.5

0.54

lex crenata

Soft Touch

2.7

0.51

2.5

0.54

Loropetalum chinensis

0.5

0.83

1.7

0.51

Loropetalum chinensis
rubrum

1.0

0.63

1.7

1.03

Loropetalum chinensis
rubrum

Firedance

1.8

0.4

2.1

0.4

Loropetalum chinensis
rubrum

Zhuzhou Fuchsia

2.0

0.63

2.3

0.51

Lycopersicon esculentum

Rutgers

4.2

0.75

4.8

0.4

LSD (alpha =0.05)

0.6

Z

0.7

Kruskal Wallis Results: T = 55.3; df = 10; Prob. T > Chi square = 0.0001
Kruskal Wallis Results: T = 49.8; df = 10; Prob. T > Chi square = 0.0001
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Table 2. Galling response of woody ornamentals grown in two field soils
separately infested with the southern root-knot nematode, Meloidogyne
incognita race 1, and the peanut root-knot nematode, Meloidogyne
arenaria race 2; potted March 4, 1999 evaluated June 28, 1999.

Species

Cultivar

Aucuba japonica

Rozanne

M. incognitaz
Mean Std Dev

Aucuba japonica longifolia

M. arenariay
Mean Std Dev

0.8

0.98

0.3

0.51

0

0

0.3

0.51

Buddleia davidii

Black Knight

4.4

0.89

4.6

0.54

Buddleia davidii

Lochinch

3.5

1.64

4.8

0.4

Buddleia davidii

Nanho Blue

4.8

0.4

4.8

0.4

Buddleia davidii

Nanho Purple

3.5

0.54

4.5

0.54

Buddleia davidii

Sungold

5.0

0

4.8

0.4

Buddleia davidii

White Profusion

4.0

1.54

5.0

0

Forsythia koreana

IIgwang

1.0

1.09

2.5

0.83

Kerria japonica

Albescens

1.0

0.63

0

0

Kerria japonica

Kin Kan

0

0

0

0

Miscanthus sinensis

Silberfeder

0

0

0

0

Serissa foetida

0.3

0.51

2.0

0.63

Viburnum odoratissimum

0.2

0.4

0.3

0.81

2.8

0.4

2.8

0.75

Lycopersicon esculentum

Rutgers

LSD (alpha =0.05)

0.7

z

0.5

Kruskal Wallis Results: T = 75.6; df = 14; Prob. T > Chi square = 0.0001
Kruskal Wallis Results: T = 81.9; df = 14; Prob. T > Chi square = 0.0001
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Table 3. Galling response of woody ornamentals grown in two field soils
separately infested with the southern root-knot nematode, Meloidogyne
incognita race 1, and the peanut root-knot nematode, Meloidogyne
arenaria race 2; potted June 28, 1999 evaluated Sept. 1, 1999.
M. incognitaz
Mean Std Dev

M. arenariay
Mean Std Dev

Species

Cultivar

Berberis thunbergii

Crimson Pygmy

0.5

0.83

1.1

0.4

Berberis thunbergii

Gentry’s Cultivar’

0.5

0.54

2.0

0.63

1.5

0.83

1.5

0.54

4.0

0.89

3.5

0.54

2.5

0.54

2.1

0.75

4.8

0.4

4.5

0.54

Caryopteris x clandonensis Arthur Simmons

4.7

0.51

4.7

0.51

Caryopteris x clandonensis Worchester Gold

4.8

0.4

4.2

0.75

Euonymus japonica

Green Spire

2.3

0.51

2

0.63

Euonymus kiautschovicus

Manhattan

2.5

0.83

4.2

0.75

Forsythia giraldiana

Golden Times

3.8

0.75

3.3

0.81

Gardenia angusta

Radicans

3.0

0.63

1.7

1.03

1.7

0.81

1.0

0.89

Berberis wilsoniae stapfiana
Buddleia davidii

Sungold

Buddleia nivea
Caryopteris incana

Dark Knight

Gardenia fortunei
Hydrangea panniculata

Tardiva

3.8

0.98

2.7

0.51

Spirea japonica

Little Princess

0.3

0.51

1.7

1.03

Spirea x

Lime Mound

2.0

0.63

1.0

0.89

Spirea x

Magic Carpet

0.7

0.81

1.3

1.21

Lycopersicon esculentum

Rutgers

5.0

0

4.5

0.54

LSD (alpha =0.05)

0.8

z

0.9

Kruskal Wallis Results: T = 93.2; df = 17; Prob. T> Chi square = 0.0001
Kruskal Wallis Results: T = 84.1; df = 17; Prob. T> Chi square = 0.0001
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Table 4. Galling response of woody ornamentals grown in two field soils
separately infested with the southern root-knot nematode, Meloidogyne
incognita race 1, and the peanut root-knot nematode, Meloidogyne
arenaria race 2; potted October 30, 2000 evaluated March 26, 2001.
M. incognitaz
Mean Std Dev

M. arenariay
Mean Std Dev

Species

Cultivar

Berberis thunbergii

Rose Glow

1.0

0.89

1.2

0.98

Buddleia davidii

Dartmoor

5.0

0

5.0

0

Buddleia davidii

Honeycomb

5.0

0

5.0

0

Buddleia davidii
Buxus microphylla
microphylla
Buxus microphylla
Koreana
Chamaecyparis obtusa
formosana

Pink Delight

5.0

0

5.0

0

Compacta

4.7

0.51

3.8

0.4

Wintergreen

3.7

0.81

4.0

0

0.3

0.51

0

0

Gardenia angusta

Variegata

1.0

1.41

2.4

0.54

Gardenia angusta

Michael

1.7

1.03

1.6

0.81

Raphiolepis indica

Eleanor Tabor

2.2

0.4

0

0

Raphiolepis indica

Olivia

2.2

0.98

0

0

Raphiolepis indica

Snow White

1.8

0.75

1.6

1.14

1.3

0.81

1.3

0.81

5.0

0

5.0

0

Vitex rotundifolia
Lycopersicon esculentum

Rutgers

LSD (alpha =0.05)

0.8

z

0.6

Kruskal Wallis Results: T = 77.0; df = 13; Prob. T> Chi square = 0.0001
Kruskal Wallis Results: T = 77.4; df = 13; Prob. T> Chi square = 0.0001
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Timing of Fungicide Applications in
Dogwood Powdery Mildew Control
M. T. Mmbaga and H. Sheng
Tennessee State University, Nursery Crop Research Station, 472
Cadillac Lane, McMinnville, TN
Nature of Study: Fungicide applications have become a routine practice
in bare root and B & B dogwood production. Dogwood growers often
start fungicide applications at bud break and continue throughout the
growing season and stop applications at the end of August or early
September. However, it is recommended that applications start when
powdery mildew symptoms first appear (Hagan and Mullen, 1995,
Windham 1994). The timing of powdery mildew initial infection vary
between early-May and mid-June and the 4-6 weeks variation suggests
that the timing of fungicide applications can be improved by using a
disease monitoring system. Recent epidemiological studies have shown
that Erysiphe (sect. Microsphaera) pulchra develops resting structures
(ascocarps) late in the season between late-Sept to November, and the
ascocarps are important in winter survival and source of primary inoculum in the following spring (Mmbaga 2000, Mmbaga and Sheng 2001,
Mmbaga 2002a). Thus, the termination of fungicide applications at the
end of August or early September allows the pathogen to perpetuate
itself to the next season. While it is important to reduce unnecessary
fungicide applications in the beginning of the season, it is also important
to reduce ascocarp abundance and source of primary inoculum source
and thereby delay initial infection in the following spring. The objective of
this study was: (a) to determine the effect late season fungicide applications on ascocarp abundance, and (b) identify alternatives to traditional
fungicides for late season spray program.
This study was conducted for 3 years (1999- 2001) using 2-year old
dogwood seedlings susceptible to powdery mildew. The plants were
grown in shade-house environment using 50% shade-clothe. All plants
were fertilized with Osmocote® controlled release fertilizer 14-14-14
(NPK) at the rate of 50 g (1.8 oz)/ container and were watered daily by
drip-irrigation.
Powdery mildew disease control: Powdery mildew initial infection was
from air-borne spores and treatments for powdery mildew control began
when symptoms were first observed, in the first week of May 1999 and in
the first week of June 2000 and 2001. A randomized complete block
design with 4 replicates of 3 plants each was used and treatments were
applied at 2-week intervals using CO2 sprayers; rates of application are
presented in Table 1.
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In 1999, Banner® (propiconazole) and Equate were used for powdery
mildew control. Equate was used alone and in a 3:1 rotation with Banner, whereby every 3 applications of Equate® was followed by one
application of Banner®. Each treatment was in duplicate and the two
sets of plants had treatments terminated at the end of August similar to
grower practice, or at the end of October when most plants started to
defoliate.
In 2000 and 2001 two fungicides, Banner®, and Cleary’s 3336® F
(thiophanate methyl) and three biorational products, Equate®, Ajax®
(household soaps) and Armicarb™ (potassium bicarbonate salt) were
used to control powdery mildew. All treatments were in triplicates and at
the end of August the 3 sets of plants were treated as follows: (a) spray
program stopped in August following grower practice, (b) treatments
continued until end of October, and (c) starting from September, plants
were sprayed with Banner® or with Palmolive until end of October.
Assessment of the powdery mildew control: Disease severity was
monitored using a scale of 1-5 in where 1=1-10%, 2 = 11-25%, 3 = 2650%, 4 = 51-75%, and 5 = 75-100% of plant foliage showed signs or
symptoms of powdery mildew.
Assessment of ascocarp formation: Leaves were collected from the
senescing plants and examined for ascocarp frequency. In 1999, 15-25
leaves were collected from each treatment in mid-October and 50 leaves
were collected in mid-November and observed under a dissecting
microscope; the number of leaves containing ascocarps and frequency of
mature ascocarps and ascocarp initials were counted. In 2000-2001, all
senescing leaves were collected at the end of November and the leaves
were stored at 37oC and examined for ascocarp quantity. Ascocarps
were assessed as few (1-10 ascocarps per leaf), moderate (11-25
ascocarps), or abundant (>25 ascocarps).
Results and Discussion: Powdery mildew control: All treatments used
to control powdery mildew were effective in reducing disease severity
and the highest disease reading was recorded at the end of August and
declined in September. Disease severity readings recorded at the end of
August are presented in Fig. 1. Some variations in disease severity
readings were observed in the 2 or 3 sets of plants that received same
treatments in 1999 and in 2000-2001 respectively (Fig. 1). The differences were not statistically significant in most pairs, except in treatments
with Equate and Ajax in 2000 and Armicarb in 2001. Although seedling
plants generated from open pollination were susceptible to powdery
mildew, they were not genetically uniform and could have had different
levels of susceptibility. In addition, the uniformity of air-borne inoculum is
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difficult to control and slight variations between plots may be compounded by the genetic diversity of host plants. Previous results have
shown that high disease severity does not necessarily result in high
frequency of ascocarp formation (Mmbaga 2000, 2002a), , thus, disease
severity at the end of August form a baseline for evaluating ascocarp
formation when powdery mildew control is terminated in August and
when it is continued until October.
Ascocarp formation: In 1999, plants treated with Banner® had the
lowest ascocarp incidence, even when the spray program was terminated in August (Fig. 2a). Late season spray program (SeptemberOctober) reduced the amount of ascocarp formed, but the difference was
not significant in plants treated with Equate® and Banner® rotations.
Banner® was most effective in reducing ascocarp formation, even when
Equate® was applied until August and Banner® applications were
initiated in September (Fig. 2a).
In 2000, plants treated with Banner®, Cleary’s 3336®, and Ajax® until
October formed lowest number of ascocarps; but late season applications of Armicarb and Equate did not reduce ascocarp abundance (Fig.
2b). Treatments with Banner® and Cleary’s 3336® that terminated in
August had low ascocarp formation. Plants treated with Equate® and
Ajax® until August, had the highest number of ascocarps similar to the
non-treated control, but very few ascocarps developed when treatments
with Equate® and Ajax® were followed by Banner® starting September
to October (Fig. 2b).
In 2001, the overall number of ascocarps formed was very low especially
in plants treated with Banner® and Cleary’s 3336®. Late-season spray
programs with Banner, Cleary’s 3336, Equate, Ajax and Palmolive were
highly effective in reducing ascocarp abundance (Fig. 2c). Since the
environment especially temperature influence the timing of ascocarp
formation and ascocarp incidence (Mmbaga 2002a), the low number of
ascocarps formed in 2001 was probably influenced by micro-environmental conditions at the experimental area.
The three studies have consistently shown that early termination of
powdery mildew control at the end of August favors ascocarp abundance. The disease severity recorded in August when some fungicide
treatments were terminated did not correlate with the ascocarp abundance at the end of the season. Late-season application of Banner® and
Cleary’s 3336® was highly effective in reducing the amount of ascocarps
formed for winter survival and source of primary inoculum for the following spring.
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Late season application of fungicides may appear to increase production
costs by prolonging applications. However, the reduced primary inoculum
would delay initial infection in the following spring, thus reduce fungicide
use and offset the late season applications. A delay in fungicide applications in spring will be highly beneficial to growers because spring is the
busiest time of the year when growers dig and sell most of their plants.
The biorational products (Equate, Armicarb and Ajax were effective in
controlling powdery mildew when applied at 2-weeks interval (Fig 1), but
weekly applications are as effective as fungicides (Mmbaga 2002b).
Late season application of Ajax and Palmolive was also highly effect in
reducing ascocarp formation, but results from Armicarb and Equate were
inconsistent (Fig 2). These alternative products are not registered for
use on plants, but they provide an viable option to growers who abstain
from traditional fungicides for environmental or economic reasons. An
effective and economic disease management system keeps disease
severity below economic threshold, without necessarily eliminating the
disease. These results show that powdery mildew management can be
improved by adjusting the timing of fungicide applications and include
late season spray program to reduce primary inoculum source.
Significance to Industry: This study have shown that the termination of
fungicide applications in powdery mildew control at the end of August
favors ascocarp formation for winter survival and source of primary
inoculum in the following spring. Late season applications of fungicides
reduce ascocarp abundance and may delay the need for fungicides in
the following spring when growers are very busy with plant sales and
shipments. Late season spray programs may include the use of alternative products such as Palmolive® and Ajax® that were effective in
reducing ascocarp formation. However, these products are not registered for use on plants and the authors do not recommend their use until
they get EPA registration.
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Fig 1. Powdery mildew disease severity at the end of August 1999-2001
before some treatments terminated at the end of August and some
continued until October. 3:1 biorational:Banner rotation had 3 applications of a biorational product followed by one application of Banner®.
Biorational & Banner treatments had biorational treatments applied until
end of August and followed by Banner starting September until end of
October.
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Fig. 2. Effect of late season fungicide applications on the Abundance of
ascocarp formed in 1999-2001 when powdery mildew control was
terminated in August (August) or October (October). ). 3:1
biorational:Banner rotation had 3 applications of a biorational product
followed by one application of Banner®. Biorational & Banner treatments
had biorational treatments applied until end of August and followed by
Banner or Palmolive starting September until end of October.
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