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Distance Diagnostics in Tennessee:
Progress and Challenges
A. S. Windham, F. A. Hale, T. C. Stebbins, D. L. Cook
Entomology and Plant Pathology Department, University of Tennessee
5201 Marchant Drive, Nashville, TN 37211
Index words: Distance diagnostics, Disease and insect identification
Nature of Work: Plant diseases and insect pests are two of the major
limiting factors of herbaceous and woody ornamental plant production in the
Southeastern United States. The identification of diseases and insects that attack
ornamental plants is essential for crop protection programs in nurseries and
landscapes. The rapid identification of diseases or insects using digital images
posted on a web page provides landscape managers or nursery producers with
the opportunity to respond immediately to an outbreak of an insect infestation or
a plant disease.
A “Distance Diagnostics” program was initiated by the University of Tennessee,
Entomology and Plant Pathology Department in May 1999 (Windham 2000).
Initially, two county Extension offices were setup with microscopic equipment,
computers and digital cameras. Digital images of insects or plant diseases were
uploaded to a secure web page monitored by the staff of the Plant and Pest
Diagnostic Center (P&PDC) in Nashville. Over the next three years with funding
from county governments, the University of Tennessee Agricultural Extension
Service and the Tennessee Department of Agriculture, 42 county Extension
offices acquired microscopes, digital cameras, and computers for use in the
Distance Diagnostics program.
Results and discussion: The number of sets of images submitted for
identification has grown from a few hundred in 1999 to nearly a thousand
in 2002. Electronic submissions make up about one third of all disease and
insect samples submitted to the Plant and Pest Diagnostic Center. Disease
identifications make up the majority of the electronic submissions (55%), followed
by insect identifications (35%), and weed identifications (10%). Almost all insects
are identified positively based on the digital images posted on the web page.
Identification of disease and weed samples certainly are possible if the symptoms
or anatomical features are distinctive. However, agents do not always capture
and transmit images that are needed for positive identification of diseases and
weeds.
Over the last four years, Distance Diagnostics definitely has been a positive
program for the Plant and Pest Diagnostic Center. This program has received a
tremendous amount of exposure in print media (trade magazines, UT newsletters
and magazines, newspaper articles) and electronic media such as television.
Distance Diagnostics has been embraced by Extension agents that see the
benefits of rapid disease and insect identification for their clients. In the last
year, plant inspectors with the Tennessee Department of Agriculture, Division of
Regulatory Service have begun posting images for identification. These images
are reviewed by the P&PDC staff and TDA staff. In 2002, the University of Florida
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was awarded a federal grant to establish a Southern Plant Diagnostic Network
that will electronically link the plant diagnostic centers at twelve land grant
universities in the Southeast. One of the major goals of this grant is to facilitate
the sharing of information among the diagnostic centers once an exotic plant
pathogen, insect or weed has been introduced.
There are, however, challenges that face this program. Many of the county
Extension agents in Tennessee do not have formal training in plant anatomy,
plant pathology, mycology, entomology, plant taxonomy, microscopy, or digital
photography. Training sessions have been initiated and will continue to address
these areas, which should improve the quality of the images submitted to
the P&PDC and better allow the staff viewing the images to make positive
identifications.
Significance to the industry: Distance Diagnostics is a program that will
continue to grow and be refined to provide a valuable service to the green
industry, both presently and in the future. Rapid identification of plant diseases
and insects is particularly valuable when management tactics may be employed
to reduce crop losses.
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Increasing Plant Growth Using Virus
Tested Ornamental Sweet Potatoes
Ann Gray, Ed Bush, Don Labonte
LSU AgCenter, Department of Horticulture, Baton Rouge, LA 70803
Index Words: Ipomea, Ornamental Sweet Potatoes, Virus, 'Marguerite', 'Blackie'
Nature of Work: Ornamental sweet potatoes have risen in popularity in the
green industry over the last five to ten years (4). Recent studies by the LSU
AgCenter have determined that some ornamental cultivars of sweet potatoes
contain one or more viruses not found in food crop sweet potatoes, such as
sweet potato leaf curl virus (SPLCV) and C-6 virus. SPLCV is transmitted by
whiteflies and distributed in Taiwan, Japan, and Egypt, and the C-6 virus is
distributed in Uganda, Indonesia, Philippines, and Peru (1).
Yield decline in sweet potatoes due to viruses has occurred in the cultivars
'Beauregard', 'Centennial', and 'Jewel'(3). Research in food crop sweet potatoes
determined that sweet potato feathery mottle virus infects virtually all sweet
potato plants tested in the U.S. (2). It has been determined that the sweet potato
leaf curl geminivirus can reduce yield as much as 10-30% (3). Although the exact
mechanism for sweet potato decline has not been identified, it is acknowledged
that viruses are a factor in the slow decline over many years of the major food
crop cultivars. For example, 'Centennial' sweet potato has declined by 46%
over a 35-year period (1). This evidence is circumstantial due to changes in
environment and cultural practices over time, but does demonstrate the potential
loss that can occur in a highly productive cultivar that was intensely grown and
managed (1).
The objective of this research was to determine whether viruses can affect
growth of ornamental sweet potatoes and, if so, to what extent the plant is
affected. Growth comparisons were made between virus-infected and virusfree plants of two ornamental sweet potato cultivars, 'Marguerite' and 'Blackie'.
Meristem-tip culture procedures were used to produce plants free of viruses.
During the summers of 2001 and 2002, the following growth parameters were
evaluated: quality rating, shoot number, shoot length, and canopy dry weight.
In 2001, data were collected three times at approximately 18-day intervals; in
summer 2002, plants were evaluated at 7-week intervals.
Cuttings from each cultivar were made from sprouts and surface sterilized with
a solution of sodium hypochlorite. Meristem tips were excised as described in
Carroll, 2003. Meristem plantlets, which grew 8 to 10 cm, were transferred to
clay pots filled with sterilized soil and placed in an insect-free greenhouse. The
mericlones were virus-indexed using the indicator plants Ipomea setosa and
I. aquatica. The mericlones were put through a series of three graftings to each
of the indicators. Negative results in on each grafting grafted plant had to be
obtained before the mericlone was considered “virus tested” and used for this
study (1).
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'Blackie' and 'Marguerite' plants were planted at the LSU Hill Farm on July 15,
2001. Treatments were virus-s infected plants and virus- tested plants for each
cultivar, and ten replications of each treatment were placed in a randomized
complete block design. They Plants were planted in a soil less container mix with
recommended rates of Osmocote and dolomitic limestone. In 2002, the plants
were planted May 21 and the experiment was repeated. Quality rating, shoot
number, shoot length, and dry weightGrowth parameters were taken at each
sample interval. Quality ratings were based on a scale of 1 to 10 where 1=dead
and 10=superior. Shoot number was the number of plants harvested from each
vine. Shoot length was the amount of growth of the vines harvested from each
plant. Dry weight of the entire plant canopy was measured after drying in an oven
at 60E° C for 48 hours.
Treatment effects within cultivars at each sample interval were tested with
univariate analysis of variance and comparisons among treatments were
constructed using Duncan's Multiple Range Test with P=0.05 (5).
Results and Discussion: Results showed that viruses negatively affected the
growth on both 'Blackie' and 'Marguerite' ornamental sweet potatoes (Tables 1
and 2). The differences were evident in 'Blackie' by at the second data sample
time, five weeks after planting, in 2001. By At the third collectionsample interval,
reduction in shoot number and shoot length remained significant. In 2002,
showed differences between treatments were not evident until the by third
collection datesample time for all categories, when shoot number and shoot
length again were significantly reduced. It is notable that differences in growth
were not significant until the last sample time in 2002. 'Blackie' seemed appeared
more sensitive to the virus effect than 'Marguerite'. SPLCV has been detected to
date only in the cultivar 'Blackie' and in several breeding lines, but has not been
detected in 'Beauregard' plants from farmer's fields (3). Also, the C-6 potyvirus
was detected only in the cultivar 'Blackie' (3). Significant differences did not show
up until the last sample period interval for 'Marguerite' in both 2001 and 2002. In
2001, only shoot number was reduced significantly, and, in 2002, shoot number
and shoot length were reduced. There were no significant differences in quality
ratings for either cultivar orn any of the sample datesharvest date.
Significance to the Industry: Ornamental sweet potatoes have shown great
promise for commercial and residential use in Louisiana and elsewhere in the
Southeast. This These data evidence demonstrate that virus-infected plants do
have inferior growth compared to virus-tested ornamental sweet potatoes, which
may encourage productivityon of virus-tested plants for the retail market. Virusinfected ornamental sweet potatoes also could serve as source of virus inoculum
for food-crop sweet potatoes inf they become widely distributed.
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Table 1. Growth parameters for ornamental sweet potato cultivars 'Blackie' and
'Marguerite' during summer 2001.
Date
8/1/01

8/17/01

9/4/01

Cultivar1

Quality
Rating2

Shoot
Number

Shoot
Length (cm)

Dry Weight
(g)

Blackie +
Blackie -

6.6 a3
5.7 a

0.80 a
0.93 a

12.80 a
14.47 a

1.30 a
1.30 a

Marguerite +
Marguerite -

6.3 a
6.4 a

0.93 a
0.80 a

15.7 a
14.1 a

0.92 a
0.89 a

Blackie +
Blackie -

6.6 a
7.5 a

0.80 b
2.13 a

11.0 b
28.8 a

1.4 b
2.6 a

Marguerite +
Marguerite -

7.6 a
6.8 a

3.00 a
2.93 a

44.13 a
38.33 a

2.09 a
1.70 a

Blackie +
Blackie -

7.26 a
7.40 a

1.47 b
2.87 a

25.27 b
41.13 a

1.96 a
2.67 a

Marguerite +
Marguerite -

7.07 a
7.33 a

1.60 b
2.53 a

28.80 a
43.93 a

1.44 a
1.95 a

1

(+) =virus infected, (-) = virus free.

2

1=dead 10=superior;

3

Mean separation within columns of data was according to Duncan's Multiple Range Test (P=0.05).

206

Pathology and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 48 - 2003
Table 2. Growth parameters for ornamental sweet potato cultivars 'Blackie' and
'Marguerite' during summer 2002.
Date
8/1/01

8/17/01

9/4/01

Cultivar1

Quality
Rating2

Shoot
Number

Shoot
Length (cm)

Dry Weight
(g)

Blackie +
Blackie -

4.3 a3
6.1 a

1.2 a
1.8 a

18.6 a
26.1 a

1.3 a
2.25 a

Marguerite +
Marguerite -

7.5 a
8.4 a

4.8 a
4.5 a

85.6 a
88.1 a

8.0 a
6.7 a

Blackie +
Blackie -

4.5 a
6.45 a

1.4 a
2.0 a

28.0 a
38.0 a

1.8 b
3.1 a

Marguerite +
Marguerite -

6.9 a
68.7 a

7.8 a
10.3 a

171.6 a
247.4 a

17.9 a
17.9 a

Blackie +
Blackie -

3.7 b
6.9 a

2.2 b
12.4 a

39.8 b
257.3 a

9.07 a
19.22 a

Marguerite +
Marguerite -

6.2 a
6.8 a

3.3 b
11.9 a

57.3 b
345.7 a

27.98 a
35.26 a

1

(+) =virus infected, (-) = virus free.

2

1=dead 10=superior;

3

Mean separation within columns of data was according to Duncan's Multiple Range Test (P=0.05).
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Monarda: A New Control Strategy for
Plant Disease Management
K.D. Gwinn, S.E. Greene, D.J. Trently, B.H. Ownley, and S.L. Hamilton
University of Tennessee - Bioactive Natural Products Center of Excellence
Knoxville, TN 37996-4560
Index words: Bioactive, Essential Oils, Monarda, Biopesticides, Pesticide
Alternative
Nature of Work: Essential oils are highly volatile substances isolated from an
odiferous plant; the term essential is used because these oils were once thought
to contain the essence of odor and flavor. Plant essential oils are well known for
their bioactive (antibacterial, antifungal, herbicidal, or nematicidal) properties.
As a result, they have been proposed as natural, safe pesticides (Bauske et al.,
1994; Tsao and Zhou, 2000). Several key essential oils have been shown to
inhibit the growth of economically important plant pathogens-including soilborne
fungi (e.g., species of Fusarium, Sclerotinia, Rhizoctonia, and Verticillium), plant
parasitic nematodes (Meloidogyne spp.), and bacteria (Bauske et al., 1994;
Duke, 2001; Tsao and Zhou, 2000). Also, many essential oils are active against
seed germination and plant growth (Duke, 2001; Kobaisy et al., 2001).
A long-term goal of our research is to develop botanically-based alternatives
to synthetic pesticides, which can be successfully integrated into new and/or
existing pest management systems to control plant pathogens, weeds, and
other plant pests. The central hypothesis of our research is that dried leaves
or flowers (herbage) from one or more species or cultivars of Monarda will
offer sought-after antifungal, nematicidal, or herbicidal effects when properly
prepared and applied. Species of Monarda are a source of essential oils of great
chemical diversity (Mazza and Marshall, 1992). Our Monarda Evaluation Garden,
containing 44 cultivars of M. didyma and eight additional species of Monarda,
is a key resource for this project. Over 3000 collections from the garden have
been dried, 2500 of which have been analyzed for chemical composition by gas
chromatography/mass spectrometry and 100 of which have been assayed for
biological activity.
We have shown that sclerotia of Sclerotinia sp. are sensitive to some of the
essential oils in Monarda spp. (authors, unpublished) and have developed a
simple bioassay for use as a preliminary screen for antifungal activity. Five
sclerotia of Sclerotinia sp. (harvested from a sterile laboratory-grown culture)
were pressed into finely-ground, moistened herbage. After 13 days, sclerotia
were examined; if sclerotia had germinated and produced mycelia, the sample
was classified as no antifungal activity. If sclerotia had not produced visible
mycelia, they were transferred to potato dextrose agar (PDA). If sclerotia
germinated and produced hyphae on PDA, the herbage was classified as
fungistatic; if no growth occurred, the herbage was classified as fungicidal.
Herbage from Monarda spp. was added to greenhouse growth medium to
determine if tomato seedling losses caused by Rhizoctonia solani could
be reduced. The experiments were designed as factorials with two rates of
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Monarda spp. herbage, 0 or 10% (v/v) and two rates of R. solani inoculum, 0 or
2% (v/v) with 20 replicates in a randomized complete block design. Treatments
were added to greenhouse germination mix. Three seeds were planted in each
cell. Seedling emergence and height were measured at one week.
Results and Discussion: Concentrations of bioactive compounds varied among
Monarda cultivars and species (Figure 1). Concentration of the total essential oils
extracted ranged from 22mM to 0.1mM. Some cultivars had high concentrations
of specific oils whereas others had very low concentrations. Dried leaves and/or
flowers (herbage) of different Monarda species and cultivars exhibited significant
fungicidal effects against at least two species of soilborne fungi, Sclerotinia
sp. and R. solani. In the bioassay with Sclerotinia sp., antifungal activity was
detected in only 65% of the samples. We determined that most cultivars
containing high concentrations of essential oils were antifungal in the bioassay.
In samples that lacked antifungal activity, these compounds were present only at
low levels (Figure 1 and Table 1). Concentration also varied among plant parts.
Based on our preliminary experiments, stems only rarely had antifungal activity.
For most cultivars of Monarda spp., Sclerotinia sp. responded similarly to leaf
and flower tissues, but, with at least six cultivars, flowers were fungicidal and leaf
tissues were not. At present, only one cultivar ('Cerise') had greater antifungal
activity in leaves than in flowers (Table 1).
In greenhouse tests using tomato as a model crop for testing losses due to
seedling disease, germination in media amended only with herbage from
'Marshall's Delight' was 28% greater than germination in the control (P≤ 0.05).
Germination in media amended with herbage from 'Sioux' was not different
from the control, but amending with herbage from 'Elsie's Lavender' resulted
in reduced germination (19%, P< 0.05). In all experiments, germination was
reduced in R. solani-infested, nonamended treatments; however, germination
was not reduced in any treatments containing both herbage and R. solani
(P<0.05).
The addition of herbage to germination affected seedling height for some
cultivars of Monarda spp. Amending germination mix with 'Marshall's Delight'
resulted in an increase in seedling height compared to the control and the
R. solani- infested, nonamended treatment (P< 0.05). Seedling height in
treatments containing 'Sioux' herbage did not differ from the control; seedling
height in media amended with 'Sioux' herbage and infested with R. solani did not
differ from R. solani-infested, nonamended treatment (P<0.05). Seedling height
in treatments amended with herbage of 'Elsie's Lavender' and infested with
R. solani was greater than in treatments with herbage alone and in the R. solaniinfested nonamended treatment; height was not different from control (P<0.05).
Significance to the Industry: This technology offers a potential new tool for
disease management in greenhouse production. This technology is expected
to provide acceptable pathogen management in operations where use of
synthetic pesticides is not feasible (e.g., when pesticide resistance develops, in
greenhouses located in environmentally-sensitive areas or in organic operations).
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Figure 1. Essential oil chemistry of herbage from cultivars of Monarda didyma.
Hexane extracts of herbage were analyzed by gas chromatography/mass
spectrometry.
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Table 1. Antifungal activity of herbage of selected cultivars of Monarda didyma.
Values reported are numbers of samples exhibiting specific types of antifungal
activity.
Cultivar
'Adam'
'Cambridge Scarlet'
'Cerise'
'Jacob Cline'
'Marshall's Delight'
'Petite Delight'
'Snow White'
'Stone's Throw Pink'
'Violet Queen'

Plant part
Leaves Flowers
Leaves
Leaves* Flowers
Leaves* Flowers
Leaves* Flowers
Flowers
Leaves* Flowers
Leaves* Flowers
Leaves Flowers

Fungicidal
00
0
2
00
23
1
00
31
22

Fungistatic
01
0
02
12
00
0
10
00
00

None
53
4
00
12 12
00
0
44
00
00

*Essential oil chemistry data presented in Figure 1.
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Efficacy of Disinfestants Applied to
Plant Production Surfaces
W. E. Copes
USDA/ARS Small Fruit Research Station, P.O. Box 287,
Poplarville, MS 39470
Index Words: bleach, chloramine, Green Shield, hydrogen dioxide, hydrogen
peroxide, iodine, quaternary ammonium, sodium hypochlorite, ZeroTol
Nature of Work: Sanitation is a proven strategy for limiting spread of pathogens.
Disinfestants are a key method of sanitation used to kill pathogens present on
surfaces (e.g., bench tops, pruning shears, carts, human hands, and woody
cuttings of some plants). Research on disinfestants mainly has addressed
disease transmission in medical and food hygiene facilities and, therefore, has
targeted human and animal pathogens (mainly bacteria and viruses) present on
stainless steel, Formica, and ceramic tile surfaces. Agricultural systems have
adopted the practices with only a limited number of research trials focused
primarily on rates, even though different pathogens (mainly fungi), surfaces
(metal, wood, and polyethylene surfaces), and cleanliness states (presence of
soil, algae, or plant debris) are encountered.
In plant production systems, disinfestants are used generally at a single rate.
However, a single rate may not be equally effective on all surfaces (1, 2, 3).
Nichols and Jodon (3) showed that 10% bleach and other less commonly used
disinfestants were not consistently effective against plant pathogens on clay and
plastic pots. Koponen et al. (2) found iodine, quaternary ammonium, and sodium
hypochlorite controlled a greater number of genera of plant pathogens on metal
surfaces than on plastic surfaces and provided poor control on raw wood. Copes
and Hendrix (1) found that quaternary ammonium and bromide at label rates
provided only limited control of Thielaviopsis basicola on ground fabric, pressuretreated wood, and galvanized metal surfaces. A 10% bleach solution fully
controlled T. basicola on galvanized metal but 20% bleach was required to obtain
equal control on pressure-treated wood or on ground fabric (1).
The objective of this research was to establish dose-response curves for
mortality of Botrytis cinerea conidia for six disinfestants applied to metal, plastic,
and wood surfaces. The substrates were sprayed with a disinfestant 18 to
22 hours after conidia of B. cinerea had been applied; 3 to 5 hours later, conidia
were rubbed onto the surface of potato dextrose agar and examined over time for
germination and, therefore, viability. From the dose curve response, lethal doses
expected for 1 to 99% of conidia (i.e., LD1 to LD99) were calculated. To test the
LD99 values predicted by the dose curve, a qualitative fungal growth (QFG) test
was conducted with bleach, Green Shield, and ZeroTol to identify rates at which
no conidia grew from substrates on which 5,000 conidia had been applied. These
results would provide a basic understanding of rate parameters.
Results and Discussion: The survival rate of B. cinerea conidia was affected
by 24 hours of contact with the substrate surfaces. For substrates that received
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water only (zero rate of disinfestant), mean germination was high (93%) for
spores that were on raw pine wood; moderate (73-64%) for spores on pressuretreated pine, polyethylene ground fabric, and galvanized metal; and low
(50-40%) for spores on polyethylene pot plastic, stainless steel, and exterior
latex-painted pine. This suggests that spore longevity may depend partly on the
type of material upon which the spore settles. For the experiment, mortality was a
result of contact with the substrate and the disinfestant. Mortality was adjusted by
subtracting the effect of mortality due to substrate.
The rate of all six disinfestants was affected by the material being treated. Based
on the QFG test, bleach (6% sodium hypochlorite) was effective at 5.4 fl oz
bleach per gal water on galvanized metal and ground fabric; at 8 fl oz bleach
per gal water on stainless steel and pot plastic; and at 22.4 fl oz bleach per gal
water on pressure-treated pine. The above rates from the QFG test fell within the
LD95 and LD99 values of the lethal dose curve test. The generally accepted rate
for bleach is 12.8 fl oz bleach per gal water (1:9 ratio of bleach:water mixture).
The rates reported in this study were 50% to 75% of the accepted rate to treat
metal and polyethylene materials and nearly twice the recommended rate to treat
pressure-treated pine.
Completely different from the LD predictions were the response from exterior
latex-painted pine and raw pine. In all QFG tests for all disinfestants, B. cinerea
did not grow from any of the latex-painted pine pieces inverted on potato
dextrose agar. In the LD tests, the conidia had been removed from the surface
of the substrate, thus the influence from the latex paint ceased after the 24-hour
contact period. Apparently, the continued presence of latex paint in the QFG test
completely inhibited growth of B. cinerea conidia. Preliminary data showed that
the inhibitory effect from exterior paint would decrease over time.
In the QFG tests for bleach and Green Shield, B. cinerea grew from all of the raw
pine pieces even with rates of 100% product. Neither disinfestant was completely
effective against conidia of B. cinerea on raw pine.
Based on the QFG tests, Green Shield (20% quaternary ammonium chloride)
was effective at 2.2 fl oz Green Shield per gal water on galvanized metal,
6.7 fl oz Green Shield per gal water on stainless steel and pressure-treated
wood, and 9 fl oz Green Shield per gal water on pot plastic and ground fabric.
The rates from the QFG test fell within the LD95 and LD99 values of the lethal dose
curve test for pressure-treated pine and ground fabric, was just above the upper
range of the LD99 value for galvanized metal and pot plastic and was higher than
the LD99 range for stainless steel. The label rate for Green Shield is at 0.5 fl oz
Green Shield per gal water (i.e., 1 tablespoon/ 1 gal water) to disinfest benches,
pots, and flats. The rates reported in this study were four to eighteen times the
label rate.
Based on the QFG tests, ZeroTol (27% hydrogen dioxide) was effective at
9.9 fl oz ZeroTol per gal water on galvanized metal, stainless steel, and pressuretreated pine; at 12.4 fl oz ZeroTol per gal water on raw pine; and at 15 fl oz
ZeroTol per gal water on pot plastic and ground fabric. These rates fell within the
LD95 and LD99 values of the LD curve tests for galvanized metal, stainless steel,
Pathology and Nematology Section
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pressure-treated pine, and raw pine and above the upper range of the LD99 value
for ground fabric and pot plastic. ZeroTol is labeled for use at 0.5 and 2.5 fl oz
ZeroTol per gal water (i.e., 0.5 fl oz/1 gal water) to disinfest bench tops, pots,
and flats. The rates reported in this study were four to six times higher than the
higher label rate. An ACS grade of hydrogen peroxide (30% a.i.) was tested for
comparison to ZeroTol. Hydrogen peroxide required 34 to 107 fl oz hydrogen
dioxide per gal water product to be effective on the substrates tested. Based on
these results commercial strength hydrogen peroxide should not be used as a
substitute for ZeroTol.
Based on the LD curve test, Chloramin-T (99% chlorazene hydrosol) was
effective at 0.09 oz per gal water on latex-painted pine, stainless steel, pot
plastic, and pressure-treated pine; at 0.27 oz per gal water on galvanized metal
and ground fabric; and at 0.6 oz per gal water on raw pine. Chloramine-T is a
chlorine disinfestant reported to release hypochlorous acid more slowly, to be
less irritating to humans, and to be affected less by soiled surface contamination
than the hypochlorites, such as those found in household bleach (4). Based
on the LD curve test, iodine Lugol (which contains 5% iodine) was effective
at 2.6 fl oz iodine Lugol per gal water on pot plastic, latex-painted pine, and
ground fabric; and at 3.1 3.8, 4.6, and 6.4 fl oz iodine Lugol per gal water on
and stainless steel, galvanized metal, pressure-treated pine, and raw pine,
respectively.
Significance to Industry: This basic research will improve our understanding
of the rates of disinfestants needed to be effective on different surfaces. Results
demonstrated that efficacy of disinfestants is affected by the material being
treated, and, therefore, rates need to be adjusted accordingly. While some rates
are provided, it was not the objective of this study to provide comprehensive rate
recommendations for the different disinfestants used.
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Evaluation of Disinfestants and Oxidized Waters for
Management of Powdery Mildew on Gerbera Daisy
Alfredo D. Martinez-Espinoza, Daren S. Mueller, and James W. Buck
University of Georgia, Dept. of Plant Pathology,
Georgia Station, Griffin, GA 30223
Index words: Powdery mildew, Gerbera daisy, Disinfestant
Nature of Work: Gerbera (Gerbera jamesonii H. Bolus ex. Hook f.) or Transvaal
daisy is a popular cut flower and flowering potted plant and is used frequently
as a landscape bedding plant. Like several other greenhouse-grown plants,
gerberas are susceptible to powdery mildew. Powdery mildew, which is caused
by Erisiphe cichoracearum, can be easily identified by a whitish powdery-like
fungal growth on either leaf surface and, if left unchecked, on the stems and
flowers (5). Powdery mildew can result in twisted, distorted foliage, and reduced
plant marketability. To prevent powdery mildew from becoming a problem, plants
should be adequately spaced and leaves that overlap should be removed,
relative humidity should be reduced, and adequate ventilation should be
provided to facilitate air movement among plants (5). An important and efficient
management tool for managing powdery mildew is the application of fungicides.
Fungicides should be used when the pathogen is present and environmental
conditions are conducive to powdery mildew development.
A potential alternative to traditional fungicides for powdery mildew management
on ornamental plants is the use of disinfestants and oxidized water (2,4).
Disinfestants can be used to kill a wide range of plant pathogens on inert
surfaces (e.g., greenhouse benches and tools) and plants. Electrolyzed oxidized
water is generated by passing electric current through a salt solution diluted with
tap water. The resulting solutions have unique properties such as high oxidationreduction potential, low pH (if water only is collected from the anode), and the
presence of hypochlorous acid (the most effective element of chlorine bleach).
They have been found to be lethal to both bacteria and fungi (2) and cause
minimal phytotoxicity when sprayed on the foliage of a wide variety of ornamental
plants (1). The objective of this study was to evaluate the efficacy of disinfestants
and oxidized water for management of powdery mildew on gerbera daisies in the
greenhouse.
Gerbera plants were grown in a polyhouse with average night and day
temperatures of 72ºF and 79ºF, respectively. Plants were irrigated as needed
with drip irrigation and fertilized with Osmocote Plus 15-9-12 controlled release
fertilizer (The Scotts Company). Insect and arthropod pests were managed
using standard practices. EO water was generated with a Hoshizaki ROX-20TA
EO water generator (Hoshizaki Electric Co. Ltd., Toyoake, Aichi, Japan) at 14
A with a 20% (w/v) stock solution of NaCl. Miox water was generated with a
Miox Water Disinfection Unit at 10 A with a 20% (w/v) stock solution of KCl and
diluted 1:5 with tap water prior to use. The efficacy of disinfestants and oxidized
waters for management of powdery mildew development was compared to a
non-treated control treatment and a standard fungicide treatment. In all, six
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treatments were evaluated: non-treated control, acidic electrolyzed oxidizing
(EO) water, Miox water, Physan 20 (active ingredient (a.i.) = two quaternary
ammonium compounds; label rate = 50 fl oz/100 gal; Maril Products, Inc.),
ZeroTol (a.i. = hydrogen dioxide; label rate = 125 fl.oz/100 gal; Biosafe Systems),
and Pipron (a.i. = piperalin; label rate = 8 fl oz/100 gal; SePRO Corporation). All
treatments were applied once a week to leaf wetness using a hand sprayer. The
progression of powdery mildew on each plant was estimated weekly using the
Horsfall-Barrett scale (3), and ratings were converted to percent midpoint values.
There were three plants per replication and four replications per treatment. Plants
were arranged in a completely randomized design on greenhouse benches.
Data were analyzed by analysis of variance (ANOVA) with means separated
by Fisher's Protected Least Significant Difference (LSD) with P=0.05. The
experiment was repeated.
Results and Discussion: The average percent powdery mildew on all plants
at the start of the experiment was 15.6% (Table 1). By week 4, the percent
powdery mildew doubled in the non-treated control and was over 50% by week 6
(Table 1). Physan 20 and Pipron (the standard fungicide treatment) had less
disease than the non-treated control and the other treatments (EO water, Miox
water, and ZeroTol) from week 3 through week 6 (Table 1). At week 4, plants
treated with EO water, Moix water, and ZeroTol had levels of powdery mildew
that still were similar to those at the beginning of the experiment (~16%). In
this study, Physan 20 was as effective as Pipron at managing powdery mildew.
The other treatments slowed the progression of powdery mildew but did not
control it. However, at early stages in the experiments (i.e., the first four weeks),
these treatments prevented disease increase (i.e., powdery mildew levels were
maintained at initial levels) while the disease increased nearly 100% on the
non-treated control plants. These results suggest that surface disinfestants
and oxidized waters could be used in conjunction with a systemic fungicide
in an integrated system to manage powdery mildew on gerbera daisies in the
greenhouse, which could reduce the number of fungicide applications needed for
effective disease management (4).
Significance to Industry: Identifying alternatives to fungicides effective against
powdery mildew in the greenhouse provides growers with environmentally
friendly alternatives to traditional fungicides. This could reduce the overall use of
fungicides and, therefore, reduce the risk of fungicide-resistance developing in
populations of powdery mildew fungi.
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Table 1. Percent powdery mildew on Gerbera daisies treated with disinfestants,
oxidized waters, and a fungicide standard at weekly intervals.
Treatment

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Non-treated control

15.6

16.6

24.5

31.5

37.5

52.3

EO water

15.6

12.0

14.5

18.8

25.9

27.9

Miox water

15.6

10.2

14.9

16.6

25.2

27.6

ZeroTol

15.6

13.1

15.5

18.1

25.4

35.1

Physan 20

15.6

5.6

6.0

3.7

3.6

2.8

Pipron (fungicide)

15.6

4.9

2.5

1.6

1.2

1.3

LSD (0.05)

--

4.7

6.7

6.8

8.3

8.4
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Factors Affecting Baiting Assays for
Phytophthora Species in Irrigation Water
Chuan Hong, Patricia A. Richardson, and Ping Kong
Virginia Tech, Hampton Roads Agricultural Research and Extension Center,
Virginia Beach, VA 23455
Index Words: Baiting assay, Exposure time, Irrigation water, Phytophthora,
Selective medium
Nature of Work: Baiting is a commonly used assay method for detection of
Phytophthora species in irrigation water and soil (1). This type of assay consists
of several major steps: selection of baits, pathogen exposure, and culture on
a selective medium. Assay protocols used in individual laboratories may differ
considerably in one or more of these steps. Popular baits include rhododendron
leaves (5,6), pear fruit (3,7), lupin seedlings (4,6), camellia leaves and juniper
needles (1). Exposure time ranged from 16 hours (5) to 3 days (1) or 5 days (MMI
Plant Pathology Lab, Athens, GA) for lab tests and 36 hours to 3 days or longer
for insitu tests (3-7). Commonly-used selective media (PARP or PARPH) usually
include the antibiotics pimaricin, ampicillin, rifampicin (or a related compound),
and pentachloronitrobenzene (PCNB), which are added to either cornmeal agar
or dilute V8 Juice agar; an additional compound, hymexazole, which limits the
growth of Pythium spp., may or may not be added (1). The effects of varying
certain baiting assay parameters have been studied by Ferguson and Jeffers
(1); however, additional studies are needed. The objective of this study was to
identify the optimum exposure periods for baits used in situ and to compare
recovery of Phytophthora species using PARP-V8 and PARPH-V8.
Rhododendron leaf disks (4×4 mm2) were sterilized in 10% bleach for
30 seconds then rinsed in sterile distilled water. These disks were blotted dry
with paper towels and then bagged in plastic mesh bags with 40 disks/bag. Each
mesh bag was tied to a float and a weight. The weight reduced movement from
the designated baiting point whereas the float kept leaf disks in surface water.
Baits were placed in three locations in a runoff water retention pond at a nursery
in eastern Virginia and were exposed for 1, 2, 4, 8, 24, and 48 hours at each
location. At the end of each baiting period, baits were rinsed with pond water,
removed from the pond, placed in a clean plastic bag, and transported in a cool
ice chest to the laboratory. In the laboratory, baits were rinsed again with tap
water and then half of the baits (20 leaf disks) were placed on PARP-V8 agar in
two 10-cm Petri dishes and the other half of the baits were placed on PARPH-V8
agar in two Petri dishes. These isolation Petri dishes were incubated at room
temperature (c. 23ºC or 73-74ºF) for 7 days and examined daily. Developing
colonies were examined individually for identity using a DNA fingerprint technique
(2). A leaf disk was considered infected if either Phytophthora or Pythium spp.
was recovered. The experiment was repeated. The percentages of infected baits
were compared between pathogen exposure periods of 24 and 48 hours, using
the Sign test. The numbers of colonies of Phytophthora spp. recovered per bait
also were compared between the two media with the same test.
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Results and Discussion: Pythium colonies emerged on isolation dishes within
24 hours and they soon covered entire dishes. Phytophthora colonies developed
after 36 hours or more of incubation, and they usually grew slowly. Colonies of
Phytophthora spp. were compact whereas those of Pythium spp. were sparse.
Both types of colonies often overlapped with colonies of Phytophthora species
usually surrounding the leaf disks. Phytophthora colonies could be easily missed
due to their slow growth and compactness compared to those of Pythium spp. on
the same dishes. Subculture of Phytophthora isolates from these mixed cultures
for identification was very difficult. This problem was aggravated by increasing
pathogen exposure period—i.e., longer periods in the pond.
The percentage of infected baits increased with increasing pathogen exposure
time from 1 to 24 hours (Fig. 1). This result indicates that placement of baits in
ponds for less than 24 hours may reduce detection sensitivity. There was no
(P=0.50) difference between 24- and 48-hour exposures. Decreasing the baiting
time from 48 to 24 hours may increase the accuracy of colony counting and
reduce the difficulty in culture purification and identification. Thus, 24 hours is a
median pathogen exposure time, resulting in adequate detection sensitivity and
accuracy. Use of this recommendation also will minimize the impact posed by
various irrigation cycles in nursery production, which may skew baiting assay
results.
Over 36 combinations (two trials at three baiting locations and six exposure
periods each), 17 had more Phytophthora colonies on PARPH-V8 agar than
on PARP-V8 agar and eight had equal recovery on both media. Although the
recovery difference between PARP-V8 and PARPH-V8 agar was not significant
statistically (P=0.0898), recovery of Phytophthora spp. on PARPH-V8 medium
was as good as or better than that on PARP-V8 in 25/36 combinations used
in the present study. Therefore, PARPH-V8 should be used for detection of
Phytophthora species in irrigation water when using a baiting assay.
Significance to Industry: Phytophthora species are a group of destructive
plant pathogens that attack numerous ornamental crops. Irrigation water
can be a primary source of inoculum and is an efficient means of spreading
propagules of these pathogens throughout a nursery and from one nursery
to other nurseries that share the same water sources. Accurate detection and
monitoring of Phytophthora species in irrigation water is an important component
of an integrated disease management program at nursery operations. This study
provides data for assessing and improving current baiting assay protocols. The
results of this study also can help growers understand and interpret the water
assay reports which should result in improved disease management.
Acknowledgments: This research was supported in part by a grant from Virginia
Nursery and Landscape Association.
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Figure 1. Percentages of infected rhododendron leaf disks at different baiting
locations at a nursery in eastern Virginia and exposure periods in 2001 (top) and
2002 (bottom).
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Levels of Endogenous Phenolics in Malus Taxa
and Their Possible Role in Resistance to Fire Blight
Andrew C. Bell, Thomas G. Ranney,
David A. Danehower, and Thomas A. Eaker
Department of Horticultural Science,
North Carolina State University, Raleigh, NC 27695-7609.
Index Words: Erwinia amylovora (Burrill) Winslow et al., Malus Mill. spp., host
plant resistance, phytoalexins
Nature of Work: Fire blight, caused by the bacterium Erwinia amylovora (Burrill)
Winslow, et al., is one of the most important diseases of rosaceous plants,
particularly those members in the subfamily Maloideae. This disease can be
especially problematic in both the eastern and mid-western regions of the United
States where environmental conditions are favorable for the pathogen. Although
many taxa are susceptible to fire blight, flowering crabapples (Malus Mill. spp.)
vary considerably in resistance to this disease thus providing opportunities to
study host plant resistance (1, 5, 11).
In many instances, host plant resistance can be attributed to the action of
secondary plant metabolites. The role of specific secondary compounds
in resistance to fire blight among taxa of pears (Pyrus L. spp.) has been
investigated (7, 8). Among selected taxa, fire blight susceptible cultivars of
pears contained lesser amounts of arbutin, a phenolic glycoside, compared
to moderately resistant and resistant cultivars (7). Correlations between
resistance to fire blight and the distribution of specific compounds or high levels
of total phenolic compounds have been reported (7, 8). Others, however, have
suggested that there is no direct connection between phenolic constituents of
Pyrus and disease resistance (3).
In Malus spp., a relationship between total phenolic levels and resistance to fire
blight has been reported (10). This preliminary study of the systemic movement
of E. amylovora in apple suggested that accumulating phenolic acids and
simple phenols were inhibiting the migration of the bacteria in host tissue (10).
Furthermore, levels of phenolic acids were up to ten times higher in resistant taxa
than in those samples that exhibited pronounced symptoms.
Although a correlation between total phenolic concentration and resistance to
fire blight may exist, total phenolic levels may not be as important as having
high levels of one specific compound. Phloridzin, a major phenolic constituent
in Malus spp., and its breakdown products (e.g. phloretin, phloroglucinol,
and phloretic acid) exhibit significant antibacterial properties in vitro towards
E. amylovora (2, 9). Other phenolic constituents in Malus spp. also have been
reported as potent inhibitors of E. amylovora in vitro (2). The objective of this
study was to identify and measure levels of specific endogenous phenolic
compounds among ten taxa of flowering crabapples that represent a wide range
of resistance to fire blight.
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Ten Malus taxa, in a field plot arranged as a randomized complete block
experimental design with three replications, were screened for fire blight
resistance at the Mountain Horticultural Crops Research Station, Fletcher, NC
in May 2001. Disease screening was conducted as previously reported (1) .
E. amylovora strain 2002A at a concentration of approximately 1 x 108 cfu/mL was
used as the inoculum. For chemical analysis, four healthy actively growing shoots
(subsamples) were collected from each plant (shoots ~25 cm long). Tissue
storage and preparation followed a published protocol (6). Chemical analysis was
conducted in Fall 2002. Sample extraction and HPLC methodology was adapted
from a published protocol (4).
Results and Discussion: There was a wide range in resistance and levels
of individual phenolic constituents among the taxa included in this study
(Tables 1 and 2). M. 'Adams' was most resistant with a lesion length of 8%
while M. tschonoskii was the most suspectible with 100% lesion length
(Tables 1 and 2). In general, phloroglucinol and phloridzin were found in high
concentrations in both stem and leaf tissue. Chlorogenic acid was present in low
concentrations in stem tissue; however, it could not be definitely identified in leaf
tissue. Chlorogenic acid is most likely present in Malus leaf tissue as previously
reported (4). The identification of a few phenolic constituents was not possible.
An unidentified constituent, component X, was present in both leaf and stem
tissue. Unidentified components L and S were present in leaf and stem tissue,
respectively. Preliminary analysis of these samples using [spell out LC] LC-Mass
Spectrometry suggested that component X is possibly an isomer of phloridzin.
Identification of components L and S was inconclusive.
Regression analysis identified component X in stem tissue as being correlated
to disease resistance: Lesion Length (%) = 96.831 - 0.896X, r2 = 0.7126. In
leaf tissue, component X and component L were both correlated with disease
resistance and there was a significant interaction: Lesion Length (%) =
156.75 - 0.97X - 1.398L + 0.012XL, r2 = 0.6122. Although, phloridzin and
phloroglucinol were present in high concentrations, and have exhibited
antibacterial activity towards E. amylovora in vitro, no correlation to resistance
was found.
Significance to the Industry: This research determined a correlation between
two unidentified phenolic compounds in flowering crabapples and resistance
to fire blight. These results provide justification for further study of phenolic
constituents as potential defense compounds in fire blight resistance. Flowering
crabapples are one of the most economically important flowering ornamental
trees produced in the United States. Fire blight continues to be a major problem
in nursery and landscape plantings. A greater understanding of host plant
resistance can provide significant opportunities for the development of enhanced
disease resistant taxa of flowering crabapples.
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365.59

442.24
193.37

155.04

248.16

275.58

166.84

214.50

250.09

245.57

190.77

M. floribunda

M. 'Canary'

M. 'Red Splendor'

M. 'Harvest Gold'

M. 'Mary Potter'

M. 'Candy Mint'

M. tschonoskii

LSD 0.05

% of total shoot length diseased.

Z

343.22

150.14

M. 'David'

72.99

333.03

291.11

169.68

232.50

275.56

217.19

M. 'Centurion'

293.41

Phloridzin

193.65

Phloroglucinol

M. 'Adams'

Taxa

4.33

7.04

8.24

5.48

8.31

11.54

12.93

7.34

7.56

10.06

10.01

Rutin

31.56

42.42

16.52

61.22

69.52

78.85

173.45

85.01

98.78

103.71

139.88

Component X

Phenolic Constituents (mmol/kg Dry Wt)

27.71

37.06

44.99

63.68

62.69

88.74

67.64

108.11

92.79

106.59

55.78

Component L

28.37

100.00

78.65

77.02

45.11

45.00

39.06

27.16

24.61

14.79

7.99Z

Lesion Length (%)

Table1. Lesion length on shoots of crabapple cultivars (Malus spp.) inoculated with Erwinia amylovora and levels of endogenous
phenolic compounds in leaf tissues from inoculated shoots.
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9.58

213.67

134.33

154.26

159.48

208.98

167.34

71.68

M. 'Canary'

M. 'Red Splendor'

M. 'Harvest Gold'

M. 'Mary Potter'

M. 'Candy Mint'

M. tschonoskii

LSD 0.05

% total shoot length diseased

NA

124.68

M. floribunda

NA = Data not available

z

1.57

140.61

M. 'David'

2.68

3.10

NA

6.85

2.59

3.64

193.33

M. 'Centurion'

5.09

188.96

Phloroglucinol Chlorogenic Acid

M. 'Adams'

Taxa

66.28

202.84

250.54

199.03

197.99

140.06

138.31

281.63

218.25

168.97

172.00

Phloridzin

1.85

1.77

5.06

2.43

0.56

3.33

2.28

1.68

1.04

1.92

3.39

Rutin

16.56

6.76

9.14

25.38

37.43

62.12

74.44

58.81

59.44

45.84

89.50

21.35

52.33

31.92

41.18

13.21

47.32

28.38

29.07

38.93

37.15

49.80

Component X Component S

Phenolic Constituents (mmol/kg Dry Wt)

Table 2. Endogenous levels of individual phenolic compounds in stem tissue among ten crabapples (Malus spp.)

28.37

100.00

78.65

77.02

45.11

45.00

39.06

27.16

24.61

14.79

7.99Z

Lesion Length (%)
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Dogwood Powdery Mildew Management:
An Efficacy Comparison of Selected Systemic Fungicides
William E. Klingeman, Philip C. Flanagan,
Veronica C. Gibson, Mark T. Windham,
Robert N. Trigiano, and Alan S. Windham
University of Tennessee, Plant Sciences & Entomology
and Plant Pathology Departments,
2431 Center Drive, Knoxville, TN 37996-4500
Index Words: Cornus florida, Erysiphe pulchra
Nature of Work: Field and container producers of flowering dogwoods (Cornus
florida L.) often are challenged by a variable market and by weather and field
conditions that limit the time that can be spent with pest and disease monitoring
and management. Successful control often is dependent on appropriate timing
and thorough coverage with chemical pesticides. Systemic pesticides offer clear
advantages to growers by allowing the chemical to move within the plant to
protect untreated tissue that may have been missed or that grew since the last
application. A comparison of the systemic activity of fungicides used to manage
powdery mildew on dogwood, caused by Erysiphe (sect. Microsphaera) pulchra
(Cooke and Peck), could provide important information regarding the use of
these chemicals within a disease management and pesticide rotation program.
In both fall 2000 and 2001, bare-root liners of flowering dogwoods were
purchased from a commercial nursery and transplanted into 6.1-liter (1.6 gal)
Classic 600 pots (Nursery Supplies, Chambersburg, PA). Shredded pine-bark
medium was amended with 4.2 kg.m-3 dolomitic lime, 1.4 kg.m-3 gypsum and
0.9 kg.m-3 Micromax trace elements (Scotts-Sierra Horticultural Products,
Marysvillle, OH). Containers were top-dressed with Osmocote 14N-6.2P-11.6K
(Scotts-Sierra) at 9g per container. Trees were overwintered in a covered
polyhouse.
To investigate possible systemic activity of fungicide treatments (Table 1), four
pairs of fully expanded leaves, at either the second or third leaf node, were
selected on each plant in May. One leaf from each pair received a small mark
with a black permanent marker. Marked leaves were covered with aluminum foil
during treatment applications to exclude exposure to fungicides. Fungicides were
applied twice, on 14-day intervals using a CO2-pressurized backpack sprayer to
deliver 950 l.ha-1 through a single 8003E TeeJet even flat-fan nozzle (Spraying
Systems, Wheaton, IL). Once treatments were dry, foil was removed and trees
were arranged in a randomized complete block design inside a greenhouse with
8 replicated groups. Treated dogwoods were held in the greenhouse for 45 days,
following treatment, and the greenhouse was maintained at 23 ± 3ºC (75 ± 5ºF)
and 75 ±10% RH, with a 14-h photoperiod.
To provide inoculum for the treated seedlings, each replicate group included
one C. florida tree, approximately 122 cm (48 inches) tall that exhibited signs
of powdery mildew. Daily spore counts were taken for the week following
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fungicide applications by covering a microscope slide with a thin layer of Vaseline
petroleum jelly (Unilever, London, England). Slides were placed in the center of
each replicate group and removed after 24 hr. Conidia were stained and counted
under 100x magnification.
Disease severity was rated at 7 and 14 days after treatment (DAT), and again at
7 and 14 days after re-treatment (DArT) by two independent observers. Overall
tree canopy appearance also was assessed at 14 DArT. Marked and unmarked
leaves in adjacent pairs received a rating for the presence of powdery mildew
signs where: 0 = healthy tree, no powdery mildew signs evident, 1 = ≤ 2% of
the leaf with signs of powdery mildew, 2 = ≤ 10% of the leaf/canopy with signs
of powdery mildew, 3 = ≤ 25% of the leaf/canopy with signs of powdery mildew,
4 = ≤ 50% of the leaf/canopy with signs of powdery mildew, 5 = > 50% of the leaf/
canopy with signs of powdery mildew. Data were subjected to an arcsine-square
root transformation and then analyzed by analysis of variance (ANOVA) using
SAS (SAS Institute, Cary, NC). Differences in systemic and contact control were
contrasted within treatment. Means were separated using Duncan's New Multiple
Range Test with P ≤ 0.05.
Results and Discussion: Unfortunately, 2001 spore count data were lost to a
corrupted data file. In 2002, daily counts of powdery mildew conidia averaged
64 ± 17 per 12.5 cm2 in the week after fungicide treatments were applied and
417 ± 48 during the week following re-treatment. In 2001, flowering dogwoods
were exposed to less disease pressure. Spore counts were estimated to
have been only 30 to 50% as high as those in 2002 (M. T. Windham, personal
observation). In turn, signs of powdery mildew developed more slowly on leaves
in 2001 than in 2002. In 2002, powdery mildew covered about 25% of the
sampled leaf surfaces by 14 DAT while in 2001 the equivalent damage rating was
not achieved until 7 DArT (Table 2). In both years, regardless of sampling date,
untreated dogwood leaves generally had more powdery mildew than treated
leaves.
Systemic activity was suggested by powdery mildew ratings that were similar
for sprayed and adjacent unsprayed leaves. In 2001, Compass 50WP, Systhane
WSP and Heritage treatments demonstrated potential systemic activity. Among
these, Systhane WSP provided the best overall management of powdery mildew,
based on overall canopy appearance 14 DArT: Banner Maxx also provided
excellent powdery mildew management (Table 2). In 2002, unsprayed leaves
generally were more heavily mildewed than sprayed foliage. However, contrasts
revealed few differences between sprayed and unsprayed leaves. Differences
were usually explained by variability within treated trees, rather than systemic
activity. Thus, powdery mildew pressure exceeded the potential for fungicidal
management of the disease when applied at 14-day intervals.
In 2002, overall canopy appearances were rated poorly in all treatments, and
no trees were expected to be commercially salable. Still, under heavy disease
pressure, trees treated with the experimental formulation of Armicarb 100,
which included 60% (by wt) potassium dibasic phosphate (K2HPO4), had the
healthiest dogwood foliage. Bicarbonate salts have been shown to stimulate
systemic control of powdery mildew (5). Bicarbonate salts and potassium appear
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to affect fungal cell wall membranes by producing an imbalance of ions in the
fungal cell leading to desiccation and cell wall collapse (1; R. K. Horst, personal
communication).
Banner Maxx effectively controlled powdery mildew on dogwoods and on other
crops by direct contact and possibly by systemic activity (3, 4, 6). Systemic
efficacy of Banner Maxx was not consistent between years. In 2001, Banner
Maxx did not provide systemic control of powdery mildew to adjacent, untreated
dogwood leaves, which were covered by more powdery mildew than treated
foliage on each sampling date. In contrast, although disease rankings were
higher in 2002, less powdery mildew was evident on unsprayed than sprayed
leaves. Hydrogen dioxide, which is the active ingredient in ZeroTol, controls
powdery mildew by direct contact and has no lasting residual activity. Heightened
sensitivity to plant pathogens has also been demonstrated through rapid plant
cell death that follows intracellular accumulation of hydrogen peroxide (2).
Systemic activity has not been reported for ZeroTol and was not supported by
these results. Powdery mildew developed rapidly on ZeroTol-treated leaves
and covered about 25% of the treated leaf surfaces at 14 DAT in 2001. In 2002,
powdery mildew developed slowly but increased throughout the trial. In both
seasons, powdery mildew covered a greater percentage of the untreated leaf
surfaces, suggesting that ZeroTol acts only as a contact fungicide.
Fungicide treatments were re-applied after 14 days. Because the trees providing
powdery mildew inoculum were not treated, disease presence persisted in the
greenhouse. Powdery mildew ratings increased in all treatments by 7 DArT. Yet,
on 14 DArT in 2001, powdery mildew was less evident among all treatments and
control trees and this cannot be readily explained. Foliage was not wetted during
irrigation and greenhouse temperatures and RH remained consistent throughout
the study. A study of grape powdery mildew demonstrated that where UV B
radiation was not blocked, conidial germination and hyphal growth were improved
under shady compared to sunny exposures (7). However, ambient light was not
quantified during the study and this trend was not observed in 2002.
Significance to Industry: The systemic activity of a fungicide provides clear
advantages to growers who cannot or do not achieve complete spray coverage
when applying pesticides for disease management. Several fungicides
described to have systemic potential were compared for their ability to control
powdery mildew on treated and untreated leaves. Systemic activity was
supported throughout the 2001 trial for Compass 50WP, Systhane WSP, and
Heritage. Heavy disease pressure overcame the potential for effective disease
management with fungicides applied at 14-day intervals in 2002. Disease
rankings varied widely within treatments. To maintain economic and aesthetic
tree quality under heavy disease pressure, these fungicides should be applied
more frequently than current 14-day interval recommendations.
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Table 1. Fungicides and rates applied to flowering dogwood to compare systemic
management of powdery mildew.

Treatment

Formulated Active Ingredient

Application Rate
(a.i./liter)

Banner Maxx

14.3% propiconazole

0.13 ml

Heritage

50% azoxystrobin

0.15 g

Systhane WSP

40% myclobutanil

0.12 g

Armicarb 100 + K2HPO4

25% potassium bicarbonate salt +
60% potassium dibasic phosphate

5.90 g

CGA 245704 50WG

50% (1,2,3)-benzothiadiazole-7carbothioic-acid-S-methyl ester

0.15 g

ZeroTol

27% hydrogen dioxide

5.28 ml

Compass 50WG

50% trifloxystrobin

0.75 g

Untreated Control

water
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1.4cd
1.2d
1.5cd*U
1.8bc*
1.6cd
2.5a
1.3d
2.2ab
1.5bc*
1.2d
1.1d
1.3cd
1.7b
1.5bc*
1.7b
2.3a

1.5cv
1.2c
1.1c
1.1c
1.5c
2.0b
1.4c
2.5a

1.2c
1.1c
1.2c
1.2c
1.5b
1.3bc
1.6b
2.5a

7DAT
Sprayed Unsprayedx

2001
Compass 50WP
CGA 245704
Banner Maxx
Armicarb 100+K2HPO4
Systhane WSP
ZeroTol
Heritage
Control (Water)
2002
Compass 50WP
CGA 245704
Banner Maxx
Armicarb 100+K2HPO4
Systhane WSP
ZeroTol
Heritage
Control (Water)

Fungicide
Treatment

3.3bc
2.3e
3.2bc
2.0e
3.0cd
2.8d
3.6b
4.2a

1.6cd
1.6c
0.8e
1.0e
1.0e
2.5b
1.2de
3.0a
3.4b
2.3d
2.9c
2.1d
3.2bc
2.5d
3.4b
4.0a

1.7bc
1.8b
1.6bc*
1.8b*
1.3c*
2.9a*
1.4bc
2.7a

14DAT
Sprayed Unsprayed

3.7b
2.6c
3.7b
2.9c
3.8b
2.9c
4.0b
4.6a

2.8c
2.8c
2.0de
1.8e
1.7e
3.8b
2.3d
4.3a
3.9bc
2.9e
3.6cd
3.0e
4.1b
3.3d*
3.9bc
4.6a

2.9c
3.4b*
2.8c*
2.8c*
1.9d
4.0a
2.5c
3.8a

7DArT
Sprayed Unsprayed

4.4bc
3.7d
4.2c
3.1e
4.2c
3.4de
4.7ab
4.8a

1.9d
2.4c
1.0e
1.4de
1.1e
3.1b
1.3e
3.8a

4.4a
3.9c
4.1bc
3.2d
4.4ab
3.9c*
4.5a
4.7a

2.1e
2.9bc
2.2de*
2.6cd*
1.1f
3.7a*
1.4f
3.3ab

4.8abc
4.8abc
4.8abc
4.5c
4.9ab
4.6bc
4.9ab
5.0a

2.1b
2.4b
1.6bc
2.0bc
1.3d
2.9a
2.2b
3.3a

14DArT
Sprayed Unsprayed Overallw

Table 2. Powdery mildew ratings on leaves of flowering dogwood (Cornus florida) liners sprayed or not sprayed with contact and
systemic fungicides in 2001 and 2002z.

SNA RESEARCH CONFERENCE - VOL. 48 - 2003

Pathology and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 48 - 2003
z

Individual leaves were rated for powdery mildew signs 7 and 14 days after initial fungicide treatment
(7DAT and 14DAT, respectively). After ratings at 14DAT, leaves were re-covered with aluminum foil,
trees were re-sprayed and the foil was removed once the foliage was dry. Ratings then were taken 7
and 14 days after re-treatment (7DArT and 14DArT, respectively): 0 = healthy tree, no powdery mildew
signs evident, 1 = ≤ 2% of the leaf with signs of powdery mildew, 2 = ≤ 10% of the leaf/canopy with
signs of powdery mildew, 3 = ≤ 25% of the leaf/canopy with signs of powdery mildew, 4 = ≤ 50% of the
leaf/canopy with signs of powdery mildew, 5 = > 50% of the leaf/canopy with signs of powdery mildew.

y

Sprayed = On four leaf pairs per tree, contact fungicide activity was assessed on fully-expanded leaves
that were sprayed with fungicides.

x

Unsprayed = Systemic fungicide activity was assessed on each of four fully-expanded, unsprayed
leaves that were directly opposite a sprayed leaf; unsprayed leaves were lightly wrapped in aluminum
foil to exclude fungicides during applications.

w
v

Overall appearance of leaves in the tree canopy based on the powdery mildew scale (0-5).

By year, means within columns followed by the same letter are not significantly different, Duncan's New
Multiple Range Test (P = 0.05).

u

Asterisks denote a significant contrast for powdery mildew signs on leaves between unsprayed and
sprayed leaves within a fungicide treatment on each date.
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Phytophthora nicotianae:
A Pathogen of Herbaceous Ornamental Plants
Jessica A. Eisenmann and Steven N. Jeffers
Department of Plant Pathology & Physiology,
Clemson University, Clemson, SC 2963400377
Index words: Phytophthora nicotianae, herbaceous perennials, root rot,
Delosperma, Gaura, Hemerocallis, Lamium, Petunia, Phlox, Sedum, Viola
Nature of Work: The floriculture industry is highly valued in the United States.
The total crop value for all growers with more than $10,000 in sales in 2002
was $4.9 billion, up 2% from 2001 (Anonymous 2003). In South Carolina,
the ornamental horticulture industry is the second most important agricultural
commodity in the state. Cash receipts for this industry in 2001 were valued at
over $265 million (Anonymous 2002). However, ornamental crops, like all other
crops, are affected by diseases that can limit productivity and economic returns.
Each year, species of Phytophthora cause serious economic losses to the
floriculture industry. To date, only limited research has been conducted on the
role of these important plant pathogens in the floriculture industry.
Based on samples coming into the Plant Problem Clinic at Clemson University
in South Carolina, P. nicotianae is the species encountered most frequently
attacking herbaceous ornamental plants (S. N. Jeffers, personal observation).
Currently, P. nicotianae is known to attack over 300 plant species, and many
of these are herbaceous ornamental crops (Erwin & Ribeiro 1996). However,
a number of plants in South Carolina from which P. nicotianae has been
isolated are not listed on published host lists and have not been proven to be
hosts. Therefore, the primary objectives of this research were to document the
herbaceous ornamental plants attacked by P. nicotianae in South Carolina not
recognized previously as hosts and to determine if this pathogen is pathogenic to
these plants under standard experimental conditions, following Koch's Postulates
(Agrios 1997).
Isolates of Phytophthora spp. were recovered from samples of diseased
ornamental plants submitted to the Clemson University Plant Problem Clinic
between 1995 and 2001. Fungi were isolated on PAR and PARPH selective
media (Ferguson & Jeffers 1999), and isolates of Phytophthora spp. were
subcultured until they were free of contamination. Eventually, cultures grown
from single hyphae were stored on cornmeal agar in glass vials at 15ºC in the
dark. In 2001, isolates tentatively identified as P. nicotianae were retrieved from
storage and verified to be P. nicotianae based on morphological and molecular
characters. A list of ornamental plants from which P. nicotianae had been isolated
was compiled, and this list was compared to published reports of hosts for this
pathogen.
Pathogenicity of P. nicotianae was tested on plants that previously have not been
proven to be hosts by exposing healthy plants to pure cultures of the pathogen
using a standard inoculation procedure, growing plants under environmental
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conditions conducive to disease development, monitoring symptom development
over time, and then isolating from inoculated plants. More specifically, inoculum
was grown on vermiculite wetted with 10% V8 Juice broth for two weeks at
25ºC in the dark. Individual plants of each species were transplanted into a
peat-based container mix infested with 2% inoculum (by volume). The plants
were placed in a greenhouse and then watered, fertilized, and observed for
symptoms regularly for 80 days. After 56 days, the plants were subjected to
periodic flooding to simulate over-watering. Plants were harvested when they
demonstrated significant decline, and then all remaining plants were harvested
on day 80. At harvest, fresh shoot and root weights were measured and attempts
were made to re-isolate the pathogen from the roots of each plant. Two trials with
each plant species were conducted, and data from both trials were combined for
analysis. Data for control and inoculated plants of each species were compared
by analysis of variance.
Results and Discussion: P. nicotianae was found to be associated with
20 herbaceous ornamental plants that previously have not been documented to
be hosts of this pathogen (Table1). These plants came from throughout South
Carolina, from both nurseries and landscapes, and belonged to 16 different
plant families. Many of these are common, widely-planted bedding or perennial
plants. To date, we have tested pathogenicity of P. nicotianae on 7 of the 20 plant
species and on petunia (a plant known to be susceptible), and these eight
species varied dramatically in susceptibility (Table 2). Growth of Delosperma,
Gaura, and Sedum plants grown in infested container mix under conducive
environmental conditions in the greenhouse was not significantly affected by
P. nicotianae, and recovery of the pathogen from the roots of these plants was
very low (30%, 20%, and 0%, respectively). Therefore, these three species were
rated as resistant under our test conditions. P. nicotianae also did not significantly
affect the growth of Hemerocallis and Lamium plants, but P. nicotianae was
recovered from 70% and 100%, respectively, of the roots of these plants. These
two species, therefore, were rated as tolerant to the pathogen. Both roots
and shoots on Phlox plants grown in infested mix were reduced by pathogen
infection, but the significance levels of the growth reductions were between
P=0.05 and P=0.10. However, the fungus was isolated from 100% of the sampled
roots. Therefore, Phlox paniculata was rated moderately susceptible under our
test conditions. Both root and shoot growth on Viola and Petunia plants were
significantly (P<0.05) reduced by P. nicotianae, and the pathogen was isolated
from 90% and 80%, respectively, of the roots of these plants. These two species
were rated as susceptible to P. nicotianae. Susceptibility ratings of the plant
species tested here may vary under different environmental conditions, like those
in landscape situations where plants are stressed.
Our results further document the broad pathogenic potential of P. nicotianae
to the increasing number of plant species being grown as ornamental crops in
nurseries, greenhouses, and landscapes. This pathogen apparently is capable
of attacking an even wider array of plants than previously recognized. Under the
experimental conditions used in this study, plants inoculated with P. nicotianae
varied from resistant to susceptible, but, more importantly, some plant species
were tolerant. Tolerant plants do not exhibit symptoms like susceptible plants
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(i.e., they appear to be healthy and free of disease) but are capable of supporting
pathogen growth and, therefore, supplying inoculum to surrounding plants, which
may be susceptible.
Significance to Industry: This study has identified new hosts for Phytophthora
nicotianae, an economically important root disease pathogen already known
to attack numerous ornamental plant species. Plants tested in this study
varied in susceptibility — including susceptible, moderately susceptible,
tolerant, and resistant. Tolerant plants need be recognized as a plant health
risk in both production and landscape settings because they can serve as
undetected sources of inoculum. This information will aid ornamental horticulture
professionals (i.e., growers, wholesalers, retailers, and landscapers) in making
knowledgeable decisions on plant selection.
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Table 1. Herbaceous ornamental plants in South Carolina not documented
previously as hosts of Phytophthora nicotianae but from which this pathogen was
recovereda.
Scientific Name

Family Name

Common Name Countyb

Agapanthus sp.

Liliaceae

African Lily

Berkeley

Aruncus aesthusifolius

Rosaceae

Goat's Beard

York

Ceratostigma plumbaginoides Plumbaginaceae Plumbago
Ice Plant

Berkeley

Delosperma nubigenum

Aizoaceae

Berkeley

Dianthus caryophyllus

Caryophyllaceae Carnation

Berkeley

Euphorbia martinii

Euphorbiaceae

Spurge

Berkeley

Gaura lindheimeri

Onagraceae

White Gaura

Berkeley

Hemerocallis sp.

Liliaceae

Daylily

Anderson
Richland
Spartanburg

Heuchera sanguinea

Saxifragaceae

Coral Bells

York

Kniphofia hybrid

Aloaceae

Red Hot Poker

Berkeley

Lamium maculatum

Lamiaceae

Spotted Dead
Nettle

York

Penstemon sp.

Scrophulariaceae Penstemon

Calhoun

Phlox spp.

Polemoniaceae

Garden Phlox

York
Berkeley

Rodgersia pinnata

Saxifragaceae

Rodgers Flower Berkeley

Salvia x superba

Lamiaceae

Perennial Salvia Berkeley

Sedum sp.

Crassulaceae

Stonecrop

Berkeley

Tiarella sp.

Saxifragaceae

Foam Flower

Berkeley

Verbena sp.

Verbenaceae

Verbena

Colleton
Oconee
York

Vinca minor

Apocynaceae

Periwinkle Vine Aiken
Charleston
Oconee
Richland

Viola x wittrockiana

Violaceae

Pansy

Florence

a

Diseased plants were received by the Plant Problem Clinic at Clemson University between 1995 and
2001.

b

Counties in which diseased plants occurred.
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Table 2. Results from pathogenicity tests with eight herbaceous ornamental
plants inoculated with Phytophthora nicotianae and grown in a greenhouse for
80 days.

Plant

Treatment

Delosperma nubigenum
ʻYellow Iceʼ

Mean Fresh
Weight (g)a

Ratingc

Shoot

Root

Inoculated
Control
P valued

175.7
172.6
0.82

29.8
37.0
0.07

30

Resistant

Gaura lindheimeri
ʻSiskiyou Pinkʼ

Inoculated
Control
P value

24.7
23.7
0.81

8.0
10.2
0.40

20

Resistant

Hemerocallis sp.
ʻStella d'Oroʼ

Inoculated
Control
P value

25.8
24.2
0.75

34.6
33.1
0.85

70

Tolerant

Lamium maculatum
ʻWhite Nancyʼ

Inoculated
Control
P value

19.5
18.3
0.94

23.3
16.3
0.34

90

Tolerant

Petunia sp.e
ʻPurple Waveʼ

Inoculated
Control
P value

2.3
45.3
<0.01

4.6
7.6
0.02

80

Susceptible

Phlox paniculata
ʻDavidʼ

Inoculated
Control
P value

4.3
7.3
0.05

11.7
16.2
0.07

100

Moderately
Susceptible

Sedum spectabile
ʻAutumn Joyʼ

Inoculated
Control
P value

114.4 152.6
166.9 336.4
0.10 0.12

0

Resistant

Viola x wittrockiana
ʻBeaconsfieldʼ

Inoculated
Control
P value

2.2
28.6
<0.01

90

Susceptible

a

Mean of 10 plants/treatment from two trials.

b

Percentage of 10 plants from which P. nicotianae was isolated.

c

Recovery
(%)b

0.4
8.6
0.04

Relative susceptibility rating based on shoot weight, root weight, and recovery.

d

P value from an analysis of variance for the comparison of inoculated and control treatments.

e

Results for Petunia sp. are based on only one trial.
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Black Knot Incidence on Two Species of
Prunus in Kentucky Nurseries
Amy Fulcher1 and John Hartman2
Department of Horticulture and 2Department of
Plant Pathology, University of Kentucky, Lexington, KY 40546
1

Index Words: Black knot, Prunus, Plum, Apiosporina morbosa, disease
resistance
Nature of Work: Black knot occurs in many species of Prunus and is found
throughout the United States (3). Black knot is found in nurseries, landscapes,
orchards, and on unmanaged land. It is caused by the fungus Apiosporina
morbosa. While it occurs on over 24 species, it has not been documented in
Kentucky on Prunus x cistena (Hansen) Koehne. Prunus x cistena, purpleleaf sand cherry, is a hybrid between Prunus pumila and Prunus cerasifera
'Atropurpurea' and is a popular landscape plant. It is easily propagated and one
of the most cold hardy purple-leaved plants (1). Prunus x cistena grows to be
a medium-sized shrub. It has reddish purple foliage and maintains this color
throughout the summer.
Black knot is easily recognized by swollen black galls along stems, twigs, or
trunks (2). Mature galls contain the fruiting bodies of the pathogen. These fruiting
bodies eject spores into the air in the spring during wet weather and these
spores infect succulent green shoots on susceptible hosts. Following spring
infection branches may be swollen but otherwise appear normal. Trees may not
readily show symptoms until late summer or fall. During the next growing season
the swelling continues and the bark separates. These areas develop into the
characteristic black knotty galls as the season progresses.
The purpose of this investigation was to record the incidence of black knot on
Prunus x cistena and Prunus cerasifera 'Thundercloud' in nurseries in western
Kentucky in order to develop a knowledge base with which to determine 1) the
source of the inoculum, i.e., is black knot being brought in on liners or developing
from inoculum on wild cherry and plum trees in surrounding fields, and 2) the
relative susceptibility of Prunus x cistena.
In March of 2002, bare-root liners of Prunus x cistena and Prunus cerasifera
'Thundercloud' were purchased from three out-of-state liner nurseries (two from
the Pacific Northwest and one from the Southeast region of the USA). Liners
were planted at 11 production nurseries (field and container) in Kentucky. Trees
were grown under standard nursery practices at each of the eleven production
nurseries. During September and October of 2002, Prunus x cistena and Prunus
cerasifera 'Thundercloud' trees were examined at the production nurseries for
presence of 2nd year black knot symptoms, i.e., characteristic black, rough galls.
Results and Discussion: Liner Nursery “M” only supplied one taxon, Prunus
cerasifera 'Thundercloud'. Of 74 liners purchased from Liner Nursery “M”, none
had a visible black knot gall (Table1). Liner Nursery “G” also only supplied Prunus
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cerasifera 'Thundercloud'. Of 103 liners from Liner Nursery “G”, 74 had black
knot symptoms, and the trunks on many liners were so badly diseased that they
had to be discarded. Liner Nursery “O” only supplied liners of Prunus x cistena.
None of the 519 Prunus x cistena liners showed signs of black knot. Where black
knot occurred in Kentucky nurseries (Table 2), the age and maturity of galls in
growers' fields strongly suggested that the liners were diseased at the time of
purchase.
These data support that Prunus cerasifera 'Thundercloud' is susceptible to black
knot. Liner Nursery “G” appeared to be supplying contaminated plum trees and
Liner Nursery “M” apparently did not. Prunus x cistena from Liner Nursery “O”
apparently was not contaminated with black knot; however, the data do not show
whether or not Prunus x cistena is resistant or susceptible to black knot.
Significance to the Industry: Sanitation pruning and fungicide sprays for
disease management cost nurseries untold amounts of chemicals and labor to
produce quality trees. Utilizing a quality source of disease-free liners is a critical
first step in preventing black knot and other diseases, which ultimately saves
money and increases profits. Growers interested in producing quality trees
economically would be well advised to obtain liners from reliable sources. In
addition, identification of a black knot-resistant species of Prunus would provide
exceptional cost savings and marketing opportunities for nurseries as well as
garden centers and landscape contractors in Kentucky.
Acknowledgements: The authors acknowledge Mr. Lloyd Weatherly, Calloway
County Extension Agent for Agriculture and Natural Resources, for his
contribution to this project.
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Table 1. Black knot incidence on liners of two Prunus taxa purchased by
nurseries in Kentucky that were producted by three out-of-state nurseries.

Liner Nursery
Nursery “M”
Nursery “G”
Nursery “O”

Prunus sp.

No. of Liners
Purchased

Prunus cerasifera
'Thundercloud'
Prunus cerasifera
'Thundercloud'
Prunus x cistena

Liners with Black Knot Galls
No.
Percent

74

0

0

103

74

71.8

519

0

0

Table 2. Black knot incidence on two Prunus taxa at 11 Kentucky nurseries that
were grown from liners produced by three out-of-state nurseries.

z

Kentucky
Nurseryz

Prunus sp.

Galls (%)

Liner
Source

GN

Prunus x cistena

0

Nursery “O”

SE

P. cerasifera 'Thundercloud'

85

Nursery “G”

SE

P. cerasifera 'Thundercloud'

0

Nursery “M”

SE

Prunus x cistena

0

Nursery “O”

WN

Prunus x cistena

0

Nursery “O”

MK

Prunus x cistena

0

Nursery “O”

MK

P. cerasifera 'Thundercloud'

0

Nursery “M”

MK

P. cerasifera 'Thundercloud'

0

Nursery “M”

CN

Prunus x cistena

0

Nursery “O”

SY

Prunus x cistena

0

Nursery “O”

PL

Prunus x cistena

0

Nursery “O”

GN

P. cerasifera 'Thundercloud'

0

Nursery “M”

PS

P. cerasifera 'Thundercloud'

0

Nursery “M”

PS

P. cerasifera 'Thundercloud'

52

Nursery “G”

CY

P. cerasifera 'Thundercloud'

74

Nursery “G”

RS

Prunus x cistena

0

Nursery “O”

Abbreviations are arbitrary codes for nursery names.
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Alternaria Blight of Lilac (Syringa spp.)
Margaret T. Mmbaga, Emmanuel C. Nnodu, and Roger Suave
Tennessee State University Cooperative Agricultural Research Program
Nursery Crop Research Station
McMinnville, TN
Key Words: Alternaria sp., lilac blight, Syringa spp.
Nature of work: During the summer of 1996, a leaf blight disease was observed
in the lilac germplasm evaluation plots at the Tennessee State University Nursery
Crop Research Station (1). Since then, the disease has increased in severity
causing significant damage to many cultivars in the germplasm collection.
Symptoms of the disease consist of brown necrotic lesions that often coalesce
to form large blotches (Fig. 1). The lesions sometimes form concentric rings
with an ash-colored center zone, but often the lesions are irregularly-shaped
large blotches without concentric rings. In some cultivars, the leaves wilt, turn
brown, and then drop off. In other cultivars, the leaves develop yellow margins
around the edges before wilting, browning, and falling off. The disease starts in
late May or early June and increases in severity as the summer gets warmer;
severe defoliation occurs and the foliage becomes very unsightly. A fungus with
spores resembling Ascochyta sp. was isolated; another fungus, Alternaria sp.,
also was isolated from infected plants. Ascochyta syringae has been reported to
cause necrotic lesions with concentric rings on lilac (3) while Alternaria spp. are
regarded as secondary invaders or as common saprophytic colonists on plant
surfaces of trees and shrubs (3). Thus, it was thought initially that the Ascochyta
fungus, or a complex of more than one pathogen, may have caused this disease
(1); however, pathogenicity (Koch's postulates) of Ascochyta and Alternaria
was not evaluated. The objective of this study was to determine the causal
agent of the foliage blight of lilac, confirm pathogenicity of the causal agent, and
determine whether a toxin was involved in pathogenesis.
In 2001 and 2002, Alternaria sp. was isolated consistently from the infected
leaves on potato dextrose agar (PDA); Ascochyta sp. was not isolated. Diseasefree lilac plants of four different taxa, Syringa. prestoniae 'Isabella', Syringa
prestoniae 'James McFarlane', Syringa meyeri 'Dwarf Korean', and Syringa
vulgaris (unnamed common lilac) were spray-inoculated with a suspension of
conidia of Alternaria sp. (106 spores/ml), which was prepared from 7-day-old
cultures. The inoculated plants were incubated in a moist chamber maintained at
20 C (68 F) and 100% relative humidity for 24 hours and then were moved to a
greenhouse maintained at 25 C (77 F). Non-inoculated plants served as controls.
At the end of ten weeks duration of the experiment, the pathogen was re-isolated
from the infected plants to complete Koch's postulates.
To test for presence of a toxin, cultures of the Alternaria sp. were grown on PDA
for 10 days in the lab. Spores and mycelia were washed from the plates with
sterile water, and the suspension was filtered with both double cheese cloth and
a separation funnel to remove all spores and mycelia. The spore-free filtrate was
collected and used to spray disease-free plants of the same four taxa of Syringa
used in the pathogenicity experiment. Another set of plants was spray-inoculated
240

Pathology and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 48 - 2003
with a spore suspension of Alternaria sp.(106 spores/ml); all plants were sprayed
to run off. A third set of plants was not sprayed. The experimental design for this
study was a randomized complete block design with single-plant replications, four
replications treatment consisting of 4 trees, and three treatments: fungus filtrate,
fungus spores, and non-treated controls.
Results and Discussion: Blight symptoms similar to those observed in
the field developed on inoculated plants of S. prestoniae 'Isabella' and S.
prestoniae 'James McFarlane' plants six days after inoculation (Fig. 3). Syringa
meyeri 'Dwarf Korean', S. vulgaris, and all unsprayed plants did not develop
disease symptoms. The fungus isolated had large conidia with longitudinal and
transverse septa and each had a long beak typical of Alternaria spp. The species
of Alternaria re-isolated from the infected plants was similar to the one used
to inoculate the plants, thereby confirming pathogenicity and fulfilling Koch's
postulates. These results indicate that Alternaria sp. was the pathogen causing
severe leaf blight on lilac. Syringa. prestoniae 'Isabella' and S. prestoniae 'James
McFarlane' were susceptible while S. meyeri 'Dwarf Korean' and S. vulgaris
(common lilac) were resistant to the fungus.
The species of Alternaria isolated from lilac in this study has not been identified.
Approximately ten species of Alternaria are pathogenic to plants, and at least
four of these species cause disease on trees and shrubs; these are A. alternata
(syn. A. tenuis), A. citri, A. panax, and A. tenuissima (3). In most instances,
species of Alternaria are secondary invaders of foliage that has been weakened
by other pathogens, but there has not been enough studies on trees to confirm
whether the fungi were primary or secondary pathogens (3). Our results and
previous observations (1) indicate that Alternaria sp. isolated from lilac is a
primary pathogen causing severe damage to the foliage on susceptible species
and cultivars. These results are in agreement with previous observations and
support the hypothesis that the leaf blight observed in 1996-1997 was caused by
Alternaria sp., which was isolated and tested in this study (1).
The fungus filtrate without spores induced wilting and necrotic lesions similar
to those produced by the pathogen (Figs. 2 and 3), suggesting a toxin may
play a role in pathogenicity. Of the four lilac taxa, S. prestoniae 'Isabella' and
S. prestoniae 'James McFarlane' wilted and then developed necrotic blotches
from the filtrate while S. meyeri 'Dwarf Korean' and S. vulgaris did not develop
any symptoms from the filtrate. The development of the blight symptoms from
a spore-free fungus filtrate indicates a toxin may be involved in pathogenesis.
Inoculation of plants with fungus spores only caused necrotic blotches in both
S. prestoniae 'Isabella' and S. prestoniae 'James McFarlane', as in the previous
pathogenicity experiment. The plants that were susceptible to the fungus also
were affected by the toxin, indicating that the toxin may be specific to the taxa
that are hosts and lacks toxicity to non-hosts. Thus, it is reasonable to assume
that the toxin is host specific. Previous observations showed that S. meyeri
'Dwarf Korean' was resistant to Alternaria blight, S. prestoniae 'James McFarlane'
was highly susceptible, and S. prestoniae 'Isabella' was somewhat less
susceptible. In addition, some cultivars of S. vulgaris were resistant and some
were susceptible to the blight disease (1). These observations were confirmed n
this study.
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Alternaria alternata is known to secrete several host-specific toxins associated
with pathogenesis, but A. alternata has been associated most commonly
with trees and shrubs as a secondary pathogen, not as a primary pathogen
demonstrated in this study. The most important Alternaria disease on woody
plants is caused by A. panax, on members of the Aralia family (3). Lilac is in the
family Oliaceae. Thus, the species of Alternaria causing lilac blight needs to be
further studied and identified.
Significance to the Industry: Although Alternaria has been reported as a
pathogen of lilac, the destructive nature and potential impact of Alternaria blight
has not been reported. Cultivars selected for resistance to the better-known
powdery mildew or bacterial blight may be severely impacted by Alternaria blight.
This study provides information on a disease that may impact the production
of lilac and provide evidence for the choice of cultivars that may have multiple
disease resistance.
Acknowledgements: We would like to thank Dr. Mario Keri for his assistance
during this study.
Literature Cited:
1.

Mmbaga M.T., and Sheng H. 1997. Evaluation of Lilac (Syringa spp.)
for multiple disease resistance to powdery mildew and bacterial blight in
McMinnville TN. Proc. 1997 Southern Nurserymen's Association (SNA)
Research Conference 42:512-518.

2.

Rotem, J. 1994 The Genus Alternaria: Biology, Epidemiology, and
Pathogenicity. American Phytopathological Society, St. Paul, MN. 326 p.

3.

Sinclair W.A., H. Lyon, and W.T. Johnson. 1987. Diseases of Trees and
Shrubs. Cornell University Press, Ithaca, NY. 575p.

242

Pathology and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 48 - 2003
Figure Legends:
Fig. 1. Leaf blight symptoms under field conditions: (A) Syringa prestoniae
'James McFarlane' in spring and (B) in mid-summer; (C) S. vulgaris in midsummer.
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Fig. 2. Leaf blight symptoms reproduced on Syringa prestoniae 'James
McFarlane' using fungus filtrate without spores. (A) necrotic lesions, (B) leaf
wilting, and (C) non-inoculated control.
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Towards Biological Control of Powdery Mildew, Caused by
Erysiphe (sect. Microsphaera) pulchra, on Dogwood
Margaret T. Mmbaga, Emmanuel Nnodu, and Theophilus Amenyenu
Tennessee State University, Cooperative Agricultural Research Program,
Nursery Crop Research Station, McMinnville, TN
Index Words: Dogwood, Cornus spp., Fungicide, Microbial populations, Erysiphe
pulchra
Nature of Work: Fungicide applications have become an important component
of dogwood crop management, particularly in nurseries. However, intensive
fungicide use can destroy or disrupt non-target and/or beneficial microflora on
plant foliage, which may lead to the development of new disease problems.
There is accumulating evidence that beneficial microorganisms can be
as effective as chemicals in suppressing fungal pathogens (1). The fungi
Sporothrix flocculosa and Ampelomyces quisqualis (3), Tilletiopsis spp. (4), and
Stephanoascus spp. provide powdery mildew control by attacking the mycelia
and reproductive structures of the pathogen. A commercial formulation of
A.quisqualis as a microbial fungicide, AQ-10®, has been registered for powdery
mildew control on ornamental crops as well as on other crops. These antagonists
have been identified from micro ecosystems on plant surfaces, but they do
not work on all powdery mildew fungi. AQ-10® was not adequately effective in
controlling dogwood powdery mildew (5). Therefore, the specific objectives of
this study were to assess the microbial populations on dogwood foliage, compare
populations from native plants (i.e. naturally occurring) with nursery plants that
receive routine fungicides, evaluate microorganisms for powdery mildew control,
and identify potential antagonists.
Population dynamics of microflora on dogwood foliage in natural ecosystems
were compared to that on trees under nursery production systems where
chemical fungicides were used routinely. Two natural and two nursery locations
were sampled. Plants at each location were selected arbitrarily and marked for
sampling. The selected trees were monitored for powdery mildew development
and were sampled routinely for populations of microbes. Leaf samples from
different parts of the tree canopy were collected monthly, from May to September.
Each sample was composed of five leaves and constituted a replicate; a total of
four replicates were collected from each location. Sterilized forceps were used
in leaf collection. Leaf samples were placed in plastic bags and maintained in a
cooler until processed.
Weights and surface area of the leaves were measured without removing
the leaves from the bags. Microorganisms were washed off the leaves using
sterilized water in the proportion of 30 ml/g of fresh leaf. A bag mixer (BagMixer®
St. Nom, France) was used to ensure uniform washing of the leaf samples. Leaf
washings (known volumes) then were plated onto agar media and each sample
was plated on three agar media, potato dextrose agar (PDA), nutrient agar (NA),
and wort agar (WA) for the isolation of fungi, bacteria, and yeasts, respectively;
four plates were used for each sample. The plates were incubated at 30 C (86 F)
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for 24 h and then moved to a cold room at 2.7 C (37 F) until colony-forming units
[CFU] were counted. To assess the diversity of the organisms, fungi, bacteria,
and yeast isolates were separated into colony types based on morphological
characteristics of color, shape, size, and colony margins. Representative colonies
from the natural locations were sub-cultured and evaluated for powdery mildew
control.
To evaluate potential biocontrol activity, disease-free dogwood seedlings in 10 cm
pots were inoculated with isolates of fungi, yeast, and bacteria in a series of
experiments conducted under greenhouse conditions. A total of 137 isolates were
evaluated over a two-year period. Each isolate was evaluated on six individual
plants. Plants were inoculated with a potential biocontrol organism and incubated
for 24 h to allow establishment of the organism on the leaf surface. The plants
then were inoculated with powdery mildew spores from previously infected
leaves, they were moved to the greenhouse and monitored for powdery mildew
development. The plants were treated with the biological agent every 7-10 days.
Disease severity was evaluated biweekly for 10 weeks starting two weeks
after the first treatment. A 1-5 rating scale was used: 1=1-10%, 2 = 11-25%,
3 = 26-50%, 4 = 51-75%, and 5 = 76-100% of plant foliage showing symptoms of
powdery mildew. The experiment was terminated when all the non-treated control
plants had developed 100% infection. The experiment was repeated.
Results and Discussion: Total microbial populations on dogwood foliage in
2001 and 2002 are presented in Fig. 1. The lowest microbial population was
at the beginning of the season and increased over time to reach the highest
level in August or September. Overall, the Rock Island location had the
highest microbial population, which was similar to Pleasant Cove (PC) nursery
plantings that had bimonthly applications of the fungicides BannerMAXX® &
Clearys 3336® in rotation (Figs. 1a and 1c). The dogwood foliage at the Fall
Creek Falls location had the lowest total microbial population, similar to levels
in nursery plantings sprayed bimonthly with BannerMAXX®. Overall, nursery
planting where fungicides were not used, or where Clearys 3336® was used
as the only fungicide, had similar microbial population sizes (data not shown).
The Rock Island natural site and the PC nursery locations were nearest to
each other geographically. Therefore, the similar pattern changes in microbial
populations between the two sites probably were due to similar environmental
factors such as rainfall. Rainfall events prior to sampling tended to reduce the
microbial population size, but the population bounced back and increased in the
following sampling period. Native plants that had not been sprayed with chemical
fungicides did not necessarily have the highest microbial populations compared
to nursery productions systems where fungicides had been used.
The proportion of bacteria, fungi, and yeasts in the microbial populations are
shown in Fig. 2. Powdery mildew started in early May at Rock Island and Fall
Creek Falls, like in nursery plantings, but the disease did not increase over time.
Disease severity increased quickly in non-treated plants at nursery locations, but
it remained unnoticeable on trees in natural locations. There was no clear pattern
that the microbial populations on native plants were more diverse than in the
nursery plantings where chemicals were used. However, the resident organisms
may be different and may include natural enemies. At the PC nursery location,
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fungicide applications with BannerMAXX® and Clearys 3336® rotations started
soon after bud-break (late April). When sample collection was initiated in early
May, plants had been sprayed twice, but by the end of August, nursery plants had
more disease than plants in natural locations. Failure of the disease to spread
in the natural locations could be due to the diversity of plants present, including
non-hosts as compared to the monoculture in nursery plantings. Perhaps primary
inoculum was also lower than in nurseries, but the presence of natural enemies
in the natural locations also may have affected disease development.
In the greenhouse experiment to test biocontrol activity, the environment and
plant crowding favored high infection. Therefore, disease pressure probably was
higher than would be encountered in a natural environment. However, some
isolates in each experiment except one significantly reduced powdery mildew
severity. Out of 137 isolates evaluated, 17 isolates reduced disease severity and
7 isolates showed high potential in biological control of powdery mildew. Bacteria
and yeast isolates were more effective in reducing powdery mildew infection
than fungi. These isolates will be further tested individually and in recombined
populations.
Significance to the industry: Results from this work will be incorporated into
an integrated disease management system for powdery mildew control and help
reduce industry reliance on chemical fungicides.
Acknowledgements: We would like to thank Hongyan Sheng, Laura Oma,
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Literature cited:
1.

Belanger, R. R. and C. Labbe. 1994. Commercial scale control of rose
powdery mildew with fungal antagonists. Plant Dis. 78:420-424.

2.

Elad,Y. and D. Schtienberg. 1995. Botrytis cinerea in greenhouse
vegetables: chemical, cultural, physiological and biological controls and their
integration. Integrated Pest Management Reviews. 1:15-29.

3.

Falk, S. P., D. M. Gadoury, R.C. Pearson, and R.C. Seem. 1995. Partial
control of grape powdery mildew by the mycoparasite Ampelomyces
quisqualis. Plant Dis. 79:483-490.

4.

Knudsen, I. M. B. and J. P. Skou. 1993. The effectivity of Tilletiopsis
abescens in biocontrol of powdery mildew. Ann. Appl. Biol.123: 173-185.

5.

Mmbaga, M.T. and Sheng, H. 2002. Evaluation of biorational products for
powdery mildew disease management in Cornus florida. J. Environ. Hort. 20:
113-117.

Pathology and Nematology Section

247

SNA RESEARCH CONFERENCE - VOL. 48 - 2003
Figure Legends:
Fig. 1. Total microbial populations on dogwood foliage in native and nursery
plants.
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Fig. 2. The proportion of bacteria, fungi and yeast in the microbial populations on
dogwood foliage in feral and nursery plants
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