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New Dogwood Cultivars Resistant to Powdery Mildew
M. T. Windham, R. N. Trigiano, W. T. Witte, and P. C. Flanagan
Tennessee Agricultural Experiment Station, University of Tennessee,
Knoxville, TN 37901
Index words: Dogwood, Cornus florida, powdery mildew
Nature of Work: Since 1994, the flowering dogwood, Cornus florida L.,
has been ravaged by epidemics of powdery mildew throughout much of
the eastern United States. Although more than one species of powdery
mildew was implicated (3,4), Microsphaera pulchra was found to be the
primary cause of disease epidemics on C. florida (2). The only option
that nursery operators have had to avert complete crop failure is a
comprehensive fungicide spray program that stretches from May until
October. Disease control costs for producing an acre of dogwoods have
soared from $654.04 to $1,727.73 (three year production cycle). Many
small nurseries have been unable to meet increased labor demands
associated with increased disease control costs even if they could afford
the 264% increase in costs and have dropped out of dogwood production.
Seedlings in production fields were surveyed in 1994 and 1995 to identify
seedlings that did not have powdery mildew. Selected seedlings were
screened for resistance to powdery mildew in greenhouse and field tests.
Twenty powdery mildew resistant lines were identified (5). These twenty
lines were evaluated for desirable horticultural characteristics and six
were selected for preference trials with the public. Three have been
selected for release and are described below.
Results and Discussion: The new flowering dogwood cultivars are
named ‘Jean’s Appalachian Snow’, ‘Karen’s Appalachian Blush’, and
‘Kay’s Appalachian Mist’. All three trees have been tested for at least
four years for resistance to powdery mildew. In 1997 and 1998, their
levels of resistance were compared to ‘Cherokee Brave’, a pink cultivar
resistant to powdery mildew (1) and ‘Cherokee Sunset’, a cultivar known
to be very susceptible to powdery mildew. All three cultivars were found
to display excellent resistance to powdery mildew when compared to
‘Cherokee Brave’ (Table 1). The high mildew scores associated with
‘Cherokee Sunset’ indicated that the tests for resistance were very
severe.
All three trees have been officially released by the Tennessee Agricultural
Experiment Station. ‘Jean’s Appalachian Snow’ has white bracts with
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yellow-green clefts. Bracts are stiff and overlap. Leaf color is yellowgreen and bark is gray. Fall foliage color is reddish-green. ‘Karen’s
Appalachian Blush’ has white bracts suffused with a light pink border.
Cleft color is red-purple. Bracts are thin, floppy and do not overlap. Leaf
color is yellow-green and bark color is dark gray. Fall foliage color is red.
‘Kay’s Appalachian Mist’ has white bracts and the clefts are red-purple.
Bracts are stiff and overlap. Leaf color is yellow green. Bark color is
dark gray. Fall foliage color is a vivid red.
Both U.S. plant patents and an international utility patent have been
applied for to protect proprietorship of these trees. Availability of bud
wood should be directed to the authors.
Significance to Industry: Three new, white flowering dogwoods should
give nursery owners new products to sell and reduce their reliance on
fungicides to control powdery mildew.
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Control of Powdery Mildew in Dogwoods with
Fungicides
M. T. Windham, A. S. Windham, and M. A. Halcomb
Institute of Agriculture, University of Tennessee, Knoxville, TN
37901-1071
Index Words: Dogwood, Cornus florida, powdery mildew, Microsphaera
pulcha
Nature of Work: Powdery mildew, Microsphaera pulchra, epidemics
ravage dogwood nurseries unless fungicides are used as a preventative
measure. Because M. pulchra forms its perfect stage every fall and new
races of the fungus that are resistant to fungicides could occur, it is
important to monitor the effectiveness of industry standards and test new
compounds with new modes of actions. Six compounds, were compared
to an unsprayed set of controls in a block of C. florida ‘Rubra’ in Warren
County, TN. Fungicide treatments were Banner Maxx, Compass, First
Step, Spectro 90, Systhane (20 EW and 40 WP), and Terraguard and
rates for each treatment are listed in Table 1. Treatments and control
were arranged in a randomized complete block design with six replications. Each replication consisted of 3 trees (total 18 trees /treatment).
Latron B-1956 was added to all treatments following label directions.
Treatments were applied with hand sprayers to the point of runoff at 2 wk
intervals from June 17 , unless noted in Table 1, until August 26, 1999.
For each tree, disease severity for powdery mildew was estimated using
the following scale: 0=healthy, 1<2%, 2<10%, 3<25%, 4<50%, 5>50%,
6=100% of tree’s foliage with symptoms or signs of powdery mildew.
Results and Discussion: Trees were displaying signs and symptoms of
powdery mildew at the beginning of the experiment with the average tree
being rated as a 4. Powdery mildew severity dropped considerably in
some treatments and remained constant in other treatments (Table 1). A
drop in powdery mildew severity was due to control of the disease and
growth of new foliage by the trees. By August 11, industry standards,
Banner Maxx and Systhane 40 WP, and several new compounds,
Compass, Spectro 90, Systhane 20EW and Terraguard were effective in
reducing the amount of disease in the trees. First Step, a potassium
bicarbonate compound, was not significantly differently from the controls.
No symptoms of phytotoxicity were observed.
Significance to Industry: Industry standards, Banner Maxx and
Systhane 40WP, continue to preform well against powdery mildew. New
compounds or formulations (Compass, Spectro 90, Systhane 20EW, and
Terraguard) can be added to the list of fungicides that are effective
against powdery mildew.
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Table 1.
dogwood

Compass
Compass
Compass
Compass
First Step*
Spectro 90*

Systhane 20 EW
Systhane 40 WP
Terraguard
Terraguard
Terraguard
Control
abc

*
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Control of Powdery Mildew on Dogwood
J.W. Olive and A.K. Hagan
AAES Ornamental Horticulture Substation, Mobile, AL 36689
Index Words: Cornus florida, Microsphaera pulchra, powdery mildew
Nature of Work: Powdery mildew disease of dogwood is caused by the
pathogen Microsphaera pulchra (1). The damage caused by this fungus
includes leaf distortion, stunting, and general loss of vigor. Since it was
first noticed in the early 1990’s, it has become a serious problem in the
nursery as well as in the landscape. Several recently introduced fungicides are growing in use and this study was initiated to determine the
efficacy of these fungicides for the control of powdery mildew on dogwood.
Bare-root flowering dogwoods, Cornus florida cv ‘First Lady’ were potted
in 3 gallon containers in a pine bark:peat moss (3:1 vol:vol) medium
amended with 14 lbs of Osmocote 17-7-12, 6 lbs of dolomitic limestone,
2 lbs of gypsum, and 1.5 lb of Micromax per cubic yard of mix. Trees
were maintained under 47% shade cloth and irrigated with overhead
impact sprinklers. The experimental design was a randomized complete
block with eight single plant replicates. Treatments were applied to
runoff with a CO2 pressurized sprayer at intervals of 7, 14, or 21 days
beginning on April 12. The fungicides evaluated were trifloxystrobin
(Compass), propiconizole (Banner Maxx), myclobutanil (Eagle), and
azoxystrobin (Heritage). On July 7, the plants were visually rated for
disease using the Horsfall and Barratt Rating System where 1 = 0%, 2 =
0 to 3%, 3 = 3 to 6%, 4 = 6 to 12%, 5 = 12 to 25%, 6 = 25 to 50%, 7 = 50
to 75%, 8 = 75 to 87%, 9 = 87 to 94%, 10 = 94 to 97%, 11 = 97 to 100%,
and 12 = 100% of leaves colonized by the fungus (disease incidence)
and the leaf area colonized (disease severity).
Results and Discussion: When compared to the unsprayed control, all
fungicide treatments evaluated significantly reduced the incidence and
severity of powdery mildew. Disease incidence was greater on Compass
treatments at 14 day spray intervals; however, disease was still significantly less than on the unsprayed control trees.
Significance to Industry: All of the fungicides tested provided excellent
control of powdery mildew under conditions of heavy disease pressure.
All of the fungicides evaluated could be considered in a comprehensive
management program for powdery mildew control on flowering dogwood.
Powdery mildew may develop resistance to fungicides, therefore rotating
fungicide classes and restricting the total yearly sprays of certain fungicides is advised.
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Serenade Biofungicide evaluated for the Control of
Powdery Mildew on Hydrangea
1

A.K. Hagan1, J. W. Olive2, J. Stephenson2, and L. C. Parrott, Jr2.
Department of Entomology and Plant Pathology, Auburn University,
AL 36849
2
Ornamental Horticulture Substation, Mobile AL 36689

Index Words: Bacillus subtilis, biological control, Erysiphe polygoni,
Heritage 50W, Eagle 40W, Sunspray Oil
Nature of Work: Development of biofungicides has been sparked by
stricter worker protection standards, health concerns relating to prolonged exposure to synthetic pesticides, pesticide label cancellations,
and a growing demand by not only organic farmer but also the general
public for safe and effective alternatives to synthetic fungicides. Fungi
and bacteria, which suppress the activity of plant pathogenic fungi by
competing for nutrients or producing antibiotics, parasitizing those
pathogens, stimulating host defenses, or by using a combination of these
mechanisms, have been identified. A few bio-control agents have been
shown experimentally to have activity against plant pathogenic fungi that
cause leaf spot and blight diseases. Among the biofungicides currently
registered for the control of fungus-incited diseases such as powdery
mildew on annuals, perennials and woody plants are AQ-10
(Ampelomyces quisqualis) and Mycostop (Streptomyces griseoviridis).
The spore-forming bacterium Bacillus subtilis, which is a common soil
inhabitant worldwide, is an antibiotic producer and an aggressive competitor of a number of disease-causing fungi. Currently, several seed
dressings that contain spores of the GB03 strain of B. subtilis are marketed for the control of seed rots and seedling diseases on a wide variety
of field, vegetable, and ornamental crops. The strain QST713 in Serenade differs from other B. subtilis products in that this product reportedly has activity against of powdery mildew fungi as well as those that
cause leaf spots and blights. The objective of this study was to assess
the efficacy a wettable powder and flowable formulation of Serenade,
which was applied as a preventative treatment, for the control of powdery
mildew on hydrangea.
Liners of Hydrangea macrophylla ‘Nikko Blue’ were potted in trade gallon
containers in a pine bark/peat moss (3:1 v/v) medium amended with 14
pounds of 17-7-12 Osmocote, 6 pounds of dolomitic limestone, 2 pounds
of gypsum, and 1.5 pounds of Micromax per cubic yard of medium.
Plants were kept in an open polyhouse on gravel-covered beds and
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design was a randomized complete block with 6 single plant replications.
The entire block was re-randomized following each fungicide application.
Untreated plants were included as a negative control and as a source of
inoculum. The fungicides Heritage 50DF (azoxystrobin) and Eagle
(myclobutanil) as well as Sunspray Oil were included at recommended
rates for comparative purposes. All treatments were applied to run-off
from November 29, 1999 through February 2, 2000 using a CO2-pressurized sprayer at the intervals listed in Table 1. The percentage of diseased leaves (PM rating) was visually assessed on February 8, 2000
using the Barratt and Horsfall Rating Scale where 1 = no disease, 2 = 0
to 3%, 3 = 3 to 6%, 4 = 6 to 12%, 5 = 12 to 25%, 6 = 25 to 50%, 7 = 50 to
75%, 8 = 75 to 87%, 9 = 87 to 94%, 10 = 94 to 97%, 11 = 97 to 100%,
and 12 = 100% of the leaves colonized by the powdery mildew fungus
(Erysiphe polygoni).
Results and Discussion: As indicated by a disease rating of 11.2, the
causal fungus of powdery mildew of hydrangea E. polygoni colonized
nearly 100% of the leaves on the unsprayed control (Table 1). Typically,
the entire surface of these leaves was noticeably colonized by E.
polygoni. Both rates of the wettable powdery and flowable formulations
of Serenade biofungicide significantly reduced disease levels as compared with the unsprayed control. Overall, the wettable powder formulation of Serenade controlled powdery mildew better than the flowable
product. However, an objectionable white residue was left by the wettable powdery but not the flowable formulation of Serenade on the leaves
and flowers.
Serenade WP proved as effective in controlling powdery mildew as the
fungicide standard Heritage 50W and Eagle 40W while both rates of
flowable formulation were slightly less efficacious (Table 1). At the lower
4.0-pound rate of Serenade WP, a negligible level of leaf colonization by
E. polygoni was seen. On the hydrangea treated with both rates of
Serenade AS, the percentage of colonized leaves was less than 12%.
Also, the size of E. polygoni colonies on the leaves of the Serenade AStreated hydrangea was quite small (J. Olive, personal observation).
Overall, the 3.0-gallon rate of Serenade AS gave better disease control
than did the lower rate.
Sunspray Oil was equally effective against powdery mildew as either of
the fungicide standards or both rates of Serenade WP (Table 1). Also,
the Sunspray-treated hydrangea flowered earlier and more uniformly
than those plants treated with either formulation of Serenade, any of the
standard fungicides, or the unsprayed control.
Overall, the biofungicide Serenade proved as effective in controlling
powdery mildew on hydrangea as the fungicide standards Heritage 50W
and Eagle 40W. However, the application interval for both Serenade
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formulations was 1 week as compared with 2 weeks for Heritage 50W
and Eagle 40W. Additional studies need to be done to establish the
efficacy of Serenade biofungicide at the longer application intervals
typically favored by nursery and greenhouse producers. Previously,
Heritage 50W and Eagle 40W demonstrated that both of these fungicides
give virtually 100% control of this disease on hydrangea (1). Sunspray
Oil, a product widely used to suppress mites and selected insect pests
on a wide variety of ornamental crops, also demonstrated its effectiveness when applied at weekly intervals against powdery mildew.
Significance to Nursery Industry: Serenade biofungicide, which has
not yet been registered by EPA, was just as effective controlling powdery
mildew on Hydrangea macrophylla as the fungicides Heritage 50W and
Eagle 40W. Questions do remain about the effectiveness against
powdery mildew when applied at longer intervals or its efficacy for the
control of other common diseases on annual, perennials, and woody
plants. However, nurserymen, landscape managers, and homeowners
interested in a biological control option may find that Serenade is an
effective alternative to synthetic fungicides.
Literature Cited:
1. Olive J. W., A. K. Hagan, and L. C. Parrott, Jr. 1999. Control of
powdery mildew and Cercospora leaf spot on hydrangea. Proc. SNA
Res. Conf. 44:229-230.
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Chemical Control of Downy Mildew on Rose
AK. Hagan1, J. W. Olive2, J. Stephenson2, and M. E. Rivas-Davila1
1
Department of Entomology and Plant Pathology
Auburn University, AL 36849
2
Ornamental Horticulture Substation, Mobile, AL 36689
Index Words: Rosa sp. Peronospora sparsa, Compass, trifloxystrobin,
Aliette T/O, fosetyl Al, Protect T/O, mancozeb, SP2003, SP2005
Nature of Work: Downy mildew, which is cause by the fungus
Peronospora sparsa, can devastate blocks of field as well as containergrown “Mother’s Day” roses on nursery ranges and in polyhouses. At
best, downy mildew-damaged roses are unsightly and unmarketable. In
some cases, entire blocks of container-grown roses have succumbed to
downy mildew. The typical mild, cloudy, rainy spring weather patterns of
the southeastern U.S. are especially conducive to the onset and spread
of this disease. Disease development is often so explosive that nurserymen are unaware of downy mildew outbreaks until their roses begin to
die. Since downy mildew is endemic to the major rose production areas
in the U.S., bare-root roses are the primary source of this disease.
Currently, Aliette T/O (fosetyl Al) and Compass 50W (trifloxystrobin) are
registered for the control of downy mildew on rose. However, the efficacy of these fungicides, when applied as preventative sprays, for the
control of downy mildew has not been clearly established. The objective
of this study was to assess the efficacy of Compass 50W and selected
experimental fungicides for the control of downy mildew on rose and to
compare its effectiveness with that of Aliette T/O.
Bare-root roses ‘Fushia Meidiland’ and ‘White Meidiland’ were potted in
3-gallon containers in a pine bark/peat medium (3:1 v/v). The potting
medium was amended with 14 pounds of 17-7-14 Osmocote, 6 pounds
of dolomitic limestone, 2 pounds of gypsum, and 1.5 pounds of Micromax
per cubic yard of mix. The roses were placed on an oyster shell-covered
bed in full sun and watered daily in the later afternoon or early evening
using overhead impact sprinklers. In both trials, the experimental design
was a randomized complete block with 8 single plant replicates. Treatments in the first study (Table 1) were applied to ‘Fushia Meidiland’ while
applications of those in the second study were made to ‘White
Meidiland’. Fungicides were applied before symptoms were observed to
the foliage to drip with a CO2-pressurized sprayer at the intervals listed in
the table. Each block of plants was re-randomized following each
fungicide application. Symptomatic roses, which were randomly
distributed through both blocks, were used as an inoculum source.
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Disease incidence was rated in both trials on 26 April and 11 May using
the Barratt and Horsfall rating system where 1 = no disease, 2 = 0 to 3%,
3 = 3 to 6%, 4 = 6 to 12%, 5 = 12 to 25%, 6 = 25 to 50%, 7 = 50 to 75%,
8 = 75 to 87%, 9 = 87 to 94%, 10 = 94 to 97%, 11 = 97 to 100%, and 12
= 100% of leaves diseased or prematurely shed due to downy mildew.
Only the data collected on 11 May 2000 is shown in the tables.
Results and Discussion: Rainfall in the Mobile area during the months
of March, April and May 2000 was well below historical norms. The
unseasonably low rainfall limited not only early season disease development but also the secondary spread of the causal fungus through both
blocks of roses. Also, the initial P. sparsa-infection level on the test roses
apparently was not very high. As a result, disease intensity in this trial
was not as severe as that often seen in container-grown roses in the
Mobile area.
As compared with the untreated control, significant reductions in the
incidence of rose downy mildew were obtained on the ‘Fushia Meidiland’
roses with the 4.0-ounce per 100-gallon rate of Compass 50W and the
Aliette T/O standard (Table 1). Overall, Aliette T/O, when applied at a
rate of 5.0 pounds per 100 gallons of spray volume, gave the best control
of downy mildew. Damage on the Aliette T/O-treated ‘Fushia Meidiland’
roses was limited to light spotting of a few, scattered leaves.
Under at best moderate disease pressure, the labeled 1 and 2 ounce per
100-gallon rates of Compass 50W failed to significantly reduce the
incidence of downy mildew as compared with the unsprayed ‘Fushia
Meidiland’ roses. At the 4.0 ounce per 100-gallon rate, Compass 50W
did provide some protection from this disease but was not as effective in
controlling downy mildew as was the Aliette T/O. The unusually dry
weather patterns during the test period were most likely responsible for
the similar levels of disease control obtained with the 4.0 ounce per 100gallon rate of Compass 50W applied at 7, 14, and 28-day intervals.
Apparently, one of the few infection periods for P. sparsa occurred shortly
after a simultaneous application of the high rate of Compass 50W to
roses sprayed at the schedules listed above. To insure control of downy
mildew with Compass 50W, a 7 to 14-day application interval will likely
be needed, particularly during periods of wet spring weather. Additional
studies must be done to establish the efficacy of the 1.0 and 2.0 ounce
rates of Compass 50W for the control of downy mildew on rose and to
determine the optimum application schedule needed to control downy
mildew under conditions more favorable for disease onset and spread.
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In the second study, all fungicide treatments except the 0.2 pound per
100-gallon rate of the experimental fungicide SP2005 50W significantly
reduced the severity of downy mildew as compared to the levels seen on
the unsprayed ‘White Meidiland’ roses (Table 2). Damage on most of
the fungicide-treated roses was limited to light spotting of the leaves near
the base of the plant. The level of disease control obtained with the
experimental fungicides SP2003 56W and the 0.4-pound per 100-gallon
rate of SP2005 50W were similar to those provided by both the 2.5 and
5.0 pound per 100-gallon rates of Aliette T/O. Also, Protect T/O
(mancozeb) proved equally effective in controlling downy mildew as
Aliette T/O.
In both studies, Aliette T/O gave effective control of rose downy mildew.
In the second study, the labeled 2.5-pound per 100-gallon rate controlled
this disease as well as the off-label 5.0 pound rate. Additional studies
will be required to confirm whether or not the current label rate of Aliette
T/O will give consistent control downy mildew on rose, particularly under
the higher disease pressure often seen in container nurseries. On the
other hand, Compass 50W when applied at label rates failed to protect
roses from downy mildew. Although some activity against downy mildew
was noted at the off label rate of 4.0 pound per 100-gallon rate, Compass
50W was not as effective as Aliette T/O in reducing disease. In one
study, the both of the experimental fungicides and Protect T/O gave the
same level of protection as the current standard fungicide Aliette T/O.
Significance to industry: Downy mildew is a major threat to the beauty,
health, and most importantly the marketability of container-grown
‘Mother’s Day’ roses. Given the generally favorable weather patterns for
this disease across the southeast, fungicides are a critical component of
a downy mildew management program. However, little if any data is
available, which details the efficacy of registered or experimental fungicides for the control of this very destructive disease of rose. When
applied on a preventative schedule, Aliette T/O protected roses from
downy mildew better than Compass 50W. Two experimental fungicides
and Protect T/O also demonstrated some activity against this disease.
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Control of Alternaria Leaf Spot on Marigold with
Heritage
1

A. K. Hagan1, J. Randy Akridge2, and M. E. Rivas-Davila1
Department of Entomology and Plant Pathology, Auburn University,
AL 36849
2
Brewton Experiment Field, Brewton, AL 36427

Index Words: Tagetes erecta, azoxystrobin, Alternaria tagetica, Eagle
40W, Daconil 2787, 3336 4.5F
Nature of Work: Heritage 50W (azoxystrobin) is the first representative
of a new class of fungicides called strobilurins, which has been marketed
for use on nursery and greenhouse crops in the U.S. Recent studies in
Alabama have demonstrated that this fungicide has excellent activity
against plant pathogenic fungi known to cause damaging leaf spot and
blight diseases on nursery and landscape crops (1,2). Although Heritage
50W was recently registered for the control of leaf spot and blight diseases on a wide variety nursery and landscape crops, the efficacy of
Heritage against many plant pathogenic fungi on these crops has not
been documented.
Alternaria leaf spot is a common disease in landscape plantings on
African and French dwarf marigold. Symptoms first appear as tiny
circular brown spots on the oldest leaves (3). As the spots become more
numerous, damaged leaves yellow, turn brown, and die. Leaf loss starts
at the base of the plant and continues until all but the youngest leaves
have died. Outbreaks of this disease may also damage marigold in the
greenhouse. Typically, the causal fungus Alternaria tagetica is introduced into the greenhouse on seed and into landscape plantings on
diseased bedding and potted plants (3). Frequent showers or excessive
overhead watering will greatly increase the severity of this disease. In
1983, Smallwood-Hotchkiss and Baxter (3) have noted considerable
differences in the susceptibility of French dwarf, African, and hybrid
marigolds to Alternaria leaf spot. However, the efficacy of fungicides for
the control this disease is largely unknown.
The objective of this study was to assess the performance of selected
rates of Heritage 50W for the control of Alternaria leaf spot on marigold
and to compare its activity against that of several standard fungicides.
May 10, four marigold cv. ‘Discovery Yellow’ were planted in a square on
1 foot centeres on raised beds in a Benndale sandy loam at the Brewton
Experiment Field (Zone 8a) in Brewton, AL. Just prior to planting, 400
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experimental design was a randomized complete block with 6 four-plant
replications. Calcium nitrate was applied at a rate of 10 pounds per acre
using the drip irrigation system. The plots were watered as needed.
Fungicides were applied with a CO2-pressurized sprayer at two-week
intervals beginning on May 11 and ending on July 20, 1999. Disease
ratings were taken July 9 and August 13, 1999. Only the data from July
9 is shown in the table below. The severity of Alternaria leaf spot on
marigold was assessed using the Florida leaf spot rating scale where 1 =
no disease; 2 = very few lesions in lower canopy; 3 = a few lesions in the
lower and upper canopy, 4 = some lesions with slight defoliation, 5 =
lesions noticeable in upper canopy with some defoliation, 6 = lesions
numerous with significant defoliation, 7 = lesions numerous with heavy
defoliation, 8 = very numerous lesions on few remaining leaves, 9 = very
few remaining leaves covered with lesions, and 10 = dead plants.
Results and Discussion: Despite relatively dry weather during a
portion of this trial, extensive disease development was noted on the
unsprayed controls as well as on some of the fungicide-treated marigolds. Significant differences in the level of spotting of the foliage and
disease-related leaf loss was noted among the fungicides screened
(Table 1).
Heritage 50W was the only fungicide that significantly reduced the
severity of Alternaria leaf spot when compared with disease levels on the
unsprayed marigold. Damage levels on the plants treated with 3336
4.5F, Eagle 40W, and Daconil 2787 4F were similar to those observed on
the unsprayed controls. Disease severity significantly declined as the
application rate of Heritage 50W increased from 1.0 to 8.0 ounces of
product per 100 gallons of spray volume. The Alternaria leaf spot ratings
for the 4.0- and 8.0-ounce rates of Heritage 50W did not significantly
differ. Previous studies in Alabama have shown that Heritage 50W gives
effective control of Phytophthora shoot blight on vinca (1) as well as
powdery mildew and Cercospora leaf spot on hydrangea (2).
In summary, Heritage 50W, when applied at rates of 4 and 8 ounces per
100 gallons of spray volume gave superior control of Alternaria leaf spot.
Damage to marigold at both of these rates of Heritage 50W was confined
to light spotting in the lower and middle canopy of the test plants. When
compared with the unsprayed controls, the symptoms on marigold
treated with the 4.0- and 8.0-ounce rates of Heritage 50W were unobtrusive. While 3336 4.5F and Eagle 40W are not registered for the control
of diseases incited by fungi in the genus Alternaria, Daconil 2787 4F has
been the fungicide of choice for the control of Alternaria leaf spot. The
failure of this fungicide to control Alternaria leaf spot on marigold was
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quite a surprise. Given the relatively high disease pressure in this trial,
perhaps Daconil 2787 4F may have provided more effective disease
control if the applications were made on a 7- to 10-day schedule.
Significance to Industry: Heritage 50W is the first of a new class of
low-risk fungicides called the strobilurins to be released for the control of
a wide range of foliar and soilborne diseases on annuals, perennials, and
woody plants. As was the case in previous studies (1,2), the efficacy of
Heritage 50W superior to that of current fungicide standards. Should
regulatory action by EPA limit the availability of widely used fungicides
such as chlorothalonil and mancozeb, Heritage 50W will make a likely
and effective replacement.
Literature Cited:
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Auburn University, AL 36849
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Nature of Work: Compass (trifloxystrobin), a new strobilurin-class
fungicide, was recently cleared by EPA for the control of anthracnose and
other selected leaf spots, downy mildew, powdery mildew, rust, and scab
on a wide variety of annuals, perennials, and woody plants. Although,
this fungicide will penetrate into leaf tissues, some of the trifloxystrobin is
held in the waxy layer of the leaf for later redistribution. Overall,
strobilurin fungicides are known for their safety to humans, other mammal, and birds as well as their short residual activity in soil and water.
Entomosporium leaf spot, which is caused by the fungus Entomosporium
mespili, is a common and often damaging disease on nursery and
landscape plantings of red tip photinia (Photinia. fraseri), Indian hawthorn
(Raphiolepis indica), and several other members of the apple subfamily
of the Rosaceae (2). Leaf spot-damaged photinia and Indian hawthorn,
which are often unmarketable, are the source of this disease in residential and commercial landscapes. Typically, fungicides are applied to
container stock in order to prevent damaging disease outbreaks and
produce spot-free plants. Previous studies have shown that Daconil
2787 (chlorothalonil) and Eagle 40W (myclobutanil) will give effective
disease control on red-tip photinia (1,3).
Although Compass is registered for the control of a number of diseases
on nursery and greenhouse crops, this fungicide has not been screened
for the control of Entomosporium leaf spot. The objective of this study is
to assess the efficacy of Compass for the control of Entomosporium leaf
spot on photinia and Indian hawthorn and compare its performance
against that of several registered fungicides.
On 17 May 1999, Liners of red-tip photinia ‘Birmingham’ and Indian
hawthorn ‘Becky Lynn’ were potted in trade gallon containers in a pine
bark/peat-potting medium (3:1 v/v). The medium was amended with 14
pounds of 17-7-12 Osmocote, 6 pounds of dolomitic limestone, 2 pounds
of gypsum, and 1.5 pounds of Micromax per cubic yard of mix. The
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plants were placed on an oyster shell-covered bed in full sun and watered daily using overhead impact sprinklers. The experimental design
was a randomized complete block with 5 single plant replicates for the
Indian hawthorn and 6 single plant replicates for the photinia. Fungicides
were applied to drip with a CO2- pressurized sprayer at the intervals
listed in Table 1 to the photinia from 26 July until 9 November and to the
Indian Hawthorn from 26 July until 7 December. Disease incidence was
rated on the photinia and Indian hawthorn, respectively, on 26 October
and 12 December using the Barratt and Horsfall rating system where 1 =
no disease, 2 = 0 to 3%, 3 = 3-6%, 4 = 6 to 12%, 5 = 12 to 25%, 6 = 25
to 50%, 7 = 50 to 75%, 8 = 75 to 87%, 9 = 87 to 94%, 10 = 94 to 97%, 11
= 97 to 100%, and 12 = 100% of the leaves damaged or prematurely lost
due to Entomosporium leaf spot.
Results and Discussion: On both red-tip photinia and Indian hawthorn,
a significant reduction in the incidence of Entomosporium leaf spot, as
compared with the unsprayed controls, was obtained with Daconil Ultrex,
Banner Maxx and both rates of Compass 50W (Table 1).
While Banner Maxx and Compass 50W did reduce disease incidence on
red-tip photinia, none of these treatments maintained effective control of
Entomosporium leaf spot. As indicated by disease ratings between 6.6
and 9.6, heavy spotting of many leaves along with significant defoliation
was noted on both the Banner Maxx and Compass-treated red-tip
photinia (Table 1). Also, similar levels of leaf spotting and defoliation were
seen on red-tip photinia sprayed with both the 0.5 and 1.0 ounce per
100-gallon rates of Compass.
On Indian hawthorn, both rates of Compass gave significantly better
disease control than did Banner Maxx (Table 1). Again, the Banner
Maxx-treated plants, which had a disease rating of 8.8, suffered from
heavy spotting of the leaves and premature leaf drop. Best results with
Compass were obtained with weekly applications of the 0.5-ounce per
100-gallon rate where damage was limited to light spotting of the foliage.
Daconil Ultrex provided excellent control of Entomosporium leaf spot on
red-tip photinia and Indian hawthorn (Table 1). On photinia, only a few
scattered spots were found on the leaves of the Daconil Ultrex-treated
plants. As indicated by a disease rating of 1.0, the foliage of the Daconil
Ultrex-treated Indian hawthorn was free of leaf spot symptoms.
As indicated by this and previous studies (1,3,4,5), Daconil Ultrex and
other fungicides, which contain the active ingredient chlorothalonil,
remain the treatment of choice for the control of Entomosporium leaf
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spot. Although some reductions in disease were obtained with Compass,
particularly on Indian hawthorn, this fungicide was not as effective in
controlling this disease as was Daconil Ultrex at the rates and intervals
tested. Banner Maxx, which is registered for the control of
Entomosporium leaf spot on photinia at intervals up to 21 days, proved
ineffective against this disease. When applied at 14-day intervals,
Hagan and Olive (4) noted that Banner 1.1E controlled Entomosporium
leaf spot on red-tip photinia as well as the Daconil 2787 4F standard. In
the same study, Banner 1.1E applied on a 21-day schedule also failed to
control this disease. On ‘Heather’ Indian hawthorn, Banner 1.24 MEC at
rates of 6 and 12 fluid ounces per 100 gallons of water also proved less
effective against Entomosporium leaf spot than Daconil 2787 4F and
Daconil Ultrex
Significance to Industry: In the nursery and to a lesser extent in the
landscape, fungicides remain a critical component of a leaf spot management program on photinia and Indian hawthorn (2). Although, the new
strobilurin fungicide Compass failed to give effective control of
Entomosporium leaf spot, it should prove to be a valuable addition to the
arsenal of fungicides available for use on herbaceous and woody ornamentals. The new dry flowable formulation of Daconil Ultrex proved as
effective in controlling Entomosporium leaf spot as the older flowable
Daconil 2787 4F formulation used in previous studies (1,3,4,5).
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Viruses in Nandina
Pamela L. Hughes and Simon W. Scott
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Index Words: Nandina domestica Thunb., potexviruses, propagation
Nature of Work: The goal of this work was to determine the impact of
viruses on vegetative propagation of Nandina domestica Thunb., an
evergreen woody shrub that is very popular in the Southern United
States. Dwarf forms of the shrub are used extensively in landscaping
because of brilliant fall foliage. The cultivar ‘Fire Power’ is among the
most widely planted of dwarf nandinas and almost always displays a
wide range of symptoms (stunting, leaf deformation, and ringspots)
typical of virus infection. The symptoms displayed by ‘Fire Power’
suggest that the plants are infected by more than one virus. Cucumber
mosaic virus (CMV), Tobacco ringspot virus (TRSV), Nandina mosaic
virus (NaMV), and Nandina stem-pitting virus (NSPV) have been reported to infect nandina (Ahmed et al., 1983; Albouy and Devergene,
1998).
Although the upright nandinas are generally propagated from seed, the
dwarf forms, some of which are sterile, are vegetatively propagated with
varying degrees of success. In woody fruit species the presence of viral
infection may have a substantial impact on the success of vegetative
propagation (Nemeth, 1986) and it is possible that erratic success in
propagation of nandinas may be attributable to the viral load carried by
the plants.
To investigate the role of viral load on the success rate of vegetative
propagation of nandinas, we need source material that is free of known
viruses. To achieve this goal we have begun either to utilize currently
used techniques or to develop new techniques for the sensitive, reliable,
and unambiguous detection of the different viruses in nandina. Techniques for the detection of CMV and TRSV in other host species, including enzyme-linked immunosorbent assay (ELISA) and polymerase chain
reaction (PCR) are reported in the literature (Hu et al., 1995; Passmore
et al., 1995) and are known to be effective for the detection of viruses in
nandina (Scott, unpublished data). The potexvirus NaMV can be detected using serological assays (Zettler et al., 1980). Previous work
(Kinard, 1995) indicated that is was possible to detect NSPV using PCR
and primers designed from the related capillovirus, Apple stem-grooving
virus. As it is possible to detect CMV, TRSV, and NSPV using PCR it
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was decided to derive sequence data for NaMV in order to be able to
detect all four viruses using PCR following a single extraction of total
RNA.
Small plants of Chenopodium quinoa Willd. were lightly dusted with
carborundum and sap inoculated using systemically infected nandina
tissue ground in phosphate buffer (0.03M NaPO4, pH 8.0 and 0.2M 2mercaptoethanol). The resulting systemically infected C. quinoa tissue
was used to sap inoculate additional C. quinoa plants using the method
described above.
Total RNA was extracted from leaves using a modified procedure of
Hughes and Galau (1988) (S. Spiegel, The Volcani Center, Israel,
personal communication).
cDNA was synthesized using the protocol for first strand synthesis as
described in the 3’ RACE System for Rapid Amplification of cDNA Ends
(GIBCO BRL, Grand Island, NY).
For reverse transcriptase PCR (RT-PCR) each sample contained 39.2 µl
water, 1.0 µl dNTP, 1.0µl, 1.0 µl universal amplification primer (UAP), 0.5
µl gene specific primer (GSP), 3.0 µl cDNA, and 0.3 µl Taq. PCR conditions were 93 °C for 3 m followed by 35 cycles of 30 s at 93 °C, 30 s at
59.8 °C, and 2 m at 72 °C. An aliquot (5 µl) of each PCR product was
mixed with 1 µl bromophenol blue dye and analyzed by electrophoresis
through a 1% TBE (89mM Tris-borate pH 8.3 and 2mM Na2EDTA)
agarose gel at 5V/cm for 1 h. Each gel contained 2 µl ethidium bromide
10 mg/ml). A Ready Load™ 100 bp DNA ladder (GIBCO BRL, Grand
Island, NY) was used as a size standard.
PCR products were cloned using uracil DNA glycosylate as described by
CloneAMP® pAMP1 System for Rapid Cloning of Amplification Products.
Plates were incubated overnight (16 h) at 37 °C and then placed in a
refrigerator to allow blue white screening to become fully effective. White
colonies were picked and plasmids were purified according to instructions for QIAwell Ultra Plasmid Kit (QIAGEN Inc, Valencia, CA). Each
plasmid was sequenced using M13 forward and M13 reverse primers on
an ABI 373 sequencer.
Results and Discussion: The initial inoculations from nandina to C.
quinoa produced multiple necrotic local lesions followed by drop of the
inoculated leaves. Shortly afterwards a systemic mosaic appeared in the
plants of C. quinoa. Inoculation of C. quinoa from the systemically
infected tissue (second inoculation) resulted in chlorotic local lesions that
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gradually turned necrotic and the development of a systemic mosaic.
The initial necrotic local lesions and rapid leaf fall seen in C. quinoa
inoculated from ’Fire Power’ suggested the presence of CMV and this
was confirmed by PCR. PCR also detected CMV in the locally infected
leaves of plants inoculated during the initial isolation but did not detect
the virus in the systemically infected tissue. PCR did not detect CMV in
either the locally inoculated leaves or the systemically infected leaves of
C. quinoa produced by the second inoculation.
The PCR system previously used to amplify a product for NSPV (Kinard,
1995) did not indicate the presence of the virus in any of the nandinas we
tested.
Thus far we have also been unable to detect TRSV in plants of this
cultivar using PCR or ELISA.
However, using PCR, cloning, and sequencing we have confirmed the
presence of a potexvirus in this cultivar. Although it must be confirmed
by serological assays and further characterization we suspect the
potexvirus we have detected is the previously reported Nandina mosaic
virus.
Significance to Industry: The ability to detect CMV, NaMV, NSPV, and
TRSV will allow the identification of individual plants that are free of
known viruses to be used for vegetative propagation. Use of virus-tested
plants is likely to lead to increases in propagation success rates and
grower’s profits by decreasing losses due to horticulturally undesirable
and unmarketable plants.
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Sorption of a Biocontrol Agent and its Effects on
Movement in Nursery Soil
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Nature of Work: Bio-control agents like entomopathogenic nematodes
(EN) could serve as alternatives to chemical insecticides because of their
negligible environmental hazard. They have been reported to search for
and kill soil-dwelling pests (Klein, 1990; Simoes, 1993; Smith-Fiola and
Gaugler, 2000). It is important that when these nematodes are applied to
soil for targeted hosts, they should remain in the soil and not leach down
to groundwater.
Sorption accounts for adsorption and absorption of chemicals to soil.
Often the terms sorption and adsorption are used interchangeably.
Transport of chemicals or nematodes is retarded when they are
adsorbed to soil. This phenomenon ultimately reduces the chances of
groundwater pollution. Adsorption equations (isotherms) have been used
to describe the rate of sorption of chemicals in batch and miscible
displacement studies. The same approach could be extended to the
sorption of ENs in porous media. Therefore, the objective of the study
was to investigate the sorption of Steinernema carpocapsae (TN25
strain), an entomopathogenic nematode, and its effect on EN’s movement in soil.
The study was conducted with soil columns made of polyvinyl chloride
(PVC) tubes. A rain simulator device constructed from clear acrylic plastic
tubes (Ogden et al., 1997, Dennis et al.1998) was used to saturate the
soil columns with water. The soil samples used for the study were
collected from the Tennessee State University Nursery Crop Research
Station in McMinnville, Tennessee, and from the Winfred Thomas
Research Station at Alabama A&M University, Normal, Alabama. The
Tennessee soil was classified as Waynesboro sandy loam soil; while the
Alabama soil was classified as Decatur clay loam soil. In order to verify
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the pathogenicity of the nematodes, they were baited with greater wax
moth larvae and only the pathogenic isolates were used for the study.
Each soil column (8 columns total: 4 for Tennessee soil and 4 for Alabama soil) received approximately 11,000 nematodes, an amount
equivalent to a field application rate of about 1 billion nematodes per
acre. The nematodes were left to equilibrate with the soil for 24 hours.
After this time, the rain simulator devices with water dripping from them
were placed on top of the soil columns to facilitate the movements of the
nematodes. Leachate samples were collected and assayed for the
presence of nematodes that may have been transported through the soil
columns. The experiment was run for 48 hours, after which the soil
columns were cut into 6-depth increment as described in Dennis et al.
(1999). The nematodes in each depth increment were extracted and
quantified under a stereomicroscope connected to an image analyzer
programmed for nematode recognition. The data obtained were plotted
using the Freundlich (Banerjee et al., 1995), and Langmuir (Baham and
Sposito, 1994) equations. These equations are used to obtain adsorption
maxima, distribution coefficients and other relevant sorption parameters.
Results and Disscusion: The recovery of the EN from the leachate of
the two media was zero for the Alabama soil and less than one percent
for the Tennessee soil. The fact that some nematodes (<1-%) were
recovered in the Tennessee soil suggests the movement of EN in porous
media. The fact that no nematodes were recovered in the leachate of the
Alabama soil is not surprising considering the size of the nematodes
(aprox. 600 microns in length and 25 microns in width). They probably
could not pass through the soil because the Alabama soil has higher clay
content with relatively small pore space. Most of the nematodes recovered in both the Tennessee and Alabama soils were in the 0-15cm
surface depth (Dennis et al., 1999). The sorption data for the nematodes
fitted a linear isotherm (Figures 1&2) when plotted with the Freundlich
equation. This suggests that Freundlich isotherm can be used to describe the sorption of nematodes in soil. Conversely when the data was
plotted with the Langmuir equation, the isotherm (Figures 3&4) was nonlinear. This is not surprising because the Langmuir equation is a nonlinear model and as such cannot be recommended for describing nematode sorption in soil.
Significance to Industry. Data from this and previous studies (Dennis et
al., 1999), indicate that entomopathogenic nematodes, potential
biocontrol agents, have an affinity for soil. The practical implication is that
when they are applied to soil for pest control they tend to remain in the
soil and search for their host. Therefore, from an environmental point of
view, groundwater is less vulnerable to EN contamination. Although field
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trials with these nematodes have sometimes produced inconsistent
results, we think that proper application technique will improve their
efficacy on soil inhabiting insects like the Japanese beetle grubs.
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Development of Phytophthora Blight
of Annual Vinca Irrigated with Contaminated Water
C. X. Hong and G. Epelman
Virginia Tech Hampton Roads AREC, Virginia Beach, VA 23455
Index Words: Phytophthora blight, threshold, disease management
Nature of Work: Phytophthora species, known as water molds, were
frequently recovered from recycled irrigation water but their significance
to nursery production has not been demonstrated experimentally. This
research investigated the impact of zoospore density in irrigation water
on Phytophthora blight of vinca, using annual vinca and Phytophthora
nicotianae as a model system.
Vinca (Catharanthus roseus cv. Little Bright Eye) was grown in Metro Mix
360 in 1/2 gallon Olympian Squares (5.25 x 6.25 in) (Nursery Supplies,
Inc.) with one plant/pot using drip irrigation. Zoospore suspension of P.
nicotianae was prepared by taking mycelial plugs from actively growing
area of 4-day culture and incubating them in 1% soil water extract
overnight at 22oC under fluorescent light. Five concentrations of 0, 10,
102, 103 or 104 zoospores/L irrigation water were employed in the experiment with 4 replicates per treatment and 3 pots per replicate. Inoculation
was initiated at a plant growth stage of 70 days, by injecting inoculum
into the irrigation system and continued every workday by pippetting then
running irrigation systems. Plants were rated visually, using a scale of
dead (wilted), diseased (with blighted stem or leaves) or not diseased (no
apparent symptoms), weekly following the initial inoculation. The experiment was repeated once.
Results and Discussion: Phytophthora blight was observed on vincas
two weeks after initial irrigation with contaminated water at 104
zoospores/L and three weeks at 102 and 103 zoospores/L (Figure 1).
Disease incidence increased with increasing inoculum up to 103
zoospores/L when the plants were irrigated with contaminated water
(Figure 2). P. nicotianae primarily is an aerial pathogen of vincas. A
lower population of this fungus would have caused the same degree of
blight if plants had been irrigated with sprinklers.
Significance to Industry: Although there are still many important
questions to be answered about establishment of the economic threshold
of Phytophthoras in recycled irrigation water, this research demonstrates
the importance of having irrigation water tested periodically in an accredited lab and the urgency of applying management strategies if
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Phytophthoras are detected. Water recycling is of critical importance to
the industry both in ensuring the availability of irrigation water and in
meeting the Environment Protection Agency (EPA) guideline for nitrate
and pesticide levels in nursery runoff. However, recycling also increases
disease pressure in nursery production. Phytophthora species are the
most destructive pathogens in nursery production. It is extremely difficult
to keep Phytophthora diseases under control once plants are contaminated. Disinfestation of recycled irrigation water would be a better
preventive strategy for disease management.
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via the Internet
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Nature of Work: Plant diseases and insects are often limiting factors in
the production of ornamental plants. Growers that are able to respond
quickly to pest outbreaks are often able to reduce losses. In May 1999,
The University of Tennessee Agricultural Extension Service established
an Internet web site that allows county Extension faculty to submit textual
information and digital images of plant pests to resource professionals at
the Plant and Pest Diagnostic Center in Nashville. Extension agents
were trained to submit plant disease or insect images using digital
cameras, microscopes, computers and Internet browsers. Initially, two
Extension Offices had microscopic equipment which included a dissecting microscope and a compound microscope. Additional Extension
offices used digital cameras to submit digital images.
Results and Discussion: Over the past year, Extension agents from
sixty-seven county offices have posted over 1200 sets of digital images
of plant diseases (853), insects (257) and weeds (118) for identification
on the Distance Diagnosis Website. Turn-around time has been reduced
from an average of 4 days to 1 day when compared to sending physical
specimens through postal mail. In many cases, pests were identified
within hours after digital images were posted. Sixteen county Extension
offices now have imaging stations that include microscopic equipment
and digital cameras.

Project benefits include:
• Agribusiness enterprises that depend on timely pest identification
save money as they are able to respond quickly to emerging insect
and disease outbreaks. Growers in Robertson County, TN have
saved over $200,000 during the first year due to the Distance
Diagnosis System.
• County Extension agents have sharpened their diagnostic skills.
• The Distance Diagnosis system utilizes the expertise of faculty
members located across the state.
• A digital library of insects and plant diseases is under construction for
use by farmers, nursery workers, Extension agents, Master Garden
ers and students.
Significance to Industry: The identification of plant pests over the
Internet provides tangible benefits to persons who work in the green
industry. Distance diagnosis through digital imaging will improve with
advances in technology and continued training of Extension agents.
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Molecular Genetic Analysis of Powdery Mildew
Pathogens of Dogwood
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Nature of Work: Powdery mildew emerged as a production problem on
dogwood (Cornus spp.) in recent years. The disease is now widespread
and is causing great concern throughout the southeastern USA (Hagan
et al. 1995, Hagan and Mullen 1995, McRitchie 1994). Factors contributing to the sudden emergence of the disease are presently unknown.
Possible factors include increased use of susceptible cultivars, a genetic
change in virulence of native pathogens, an introduction of an exotic
pathogen strain, and changes in weather or growing conditions to favor
disease development. Two fungi, Phyllactinia guttata (Wallr.:Fr) Lév. (syn,
P. corylea) (Sinclair et al. 1993, McRitchie 1994) and Microsphaera
pulchra Cook et Peck, have been associated with the disease (Sinclair et
al. 1987, Ranney et al. 1994). The relative prevalence of the two fungi in
relation to disease severity is unknown and disease symptoms from the
two fungi are similar. The two pathogens cannot be easily distinguished
at the conidial stage (anamorph) and the anamorph prevails throughout
the growing season. Even though ascocarps (teliomorph) of the two
fungi are distinctly different, they form late in the season only when
environmental conditions are suitable.
To understand the relative roles of these two pathogens in disease
epidemics or determine the prevalence of each pathogen in dogwood
production areas, techniques are needed to identify and distinguish these
two fungi at the conidial stage. In addition, the occurrence of the
teliomorph suggests opportunity for genetic recombination within species
and a potential to develop more aggressive strains. Information on the
population genetics of the pathogens is needed to understand the role of
genetic recombination in the sudden emergence of the disease.
The objective of this study was to apply DNA molecular diagnostic
techniques based on the internal transcribed spacer (ITS) regions of
rDNA to 1) distinguish Phyllactinia guttata from Microsphaera pulchra,
and 2) provide additional information on the genetic structure of the
powdery mildew pathogens.
Materials and Methods: i) Powdery mildew sample collection and
single conidiospore isolation. Powdery mildew samples were collected
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from commercial nurseries in Cannon, Coffee, Franklin, Rutherford and
Warren counties in Tennessee. Leaves were observed under a dissecting
microscope and single conidial chains were selected for single-spore
isolation. Cultures from single conidiospores were maintained on surface-sterilized, detached leaves placed on 1% water agar under fluorescent lighting. The detached leaves were obtained from disease-free
‘Cherokee Princess’ plants grown in a greenhouse environment and
surfaced sterilized with 10% CloroxTM (sodium hypochlorite). Powdery
mildew colonies were visible in about 7 days after inoculation, and were
ready for harvest in 2-3 weeks.
Ascocarp samples of M. pulchra were obtained from dry leaves collected
from Tennessee and Kentucky, and samples of P. guttata ascocarps were
obtained from Kentucky (courtesy of Dr. John Hartman, Univ. of Kentucky, Lexington). The ascocarp samples were stored at 4oC.

ii) Preparation, amplification, and analysis of DNA from fungal mycelia
and ascocarps: Samples of mycelia from the single-spore cultures were
harvested and placed in amplification tubes using disposable micropipette tips, then frozen at -20oC until DNA preparation was performed.
Cell lysis and DNA preparation from mycelial samples was performed
using Lyse-N-GoTM reagents (Pierce, Rockford, IL) following the suggested temperatures and protocol of the manufacturer. When the
samples were to be used directly for PCR (Polymerase Chain Reaction)
reactions, they were held at 80oC until the reagents for PCR reactions
were added and PCR cycles initiated. Remaining samples were stored at
–20oC for later use. The Lyse–N-GoTM procedure was also used to
prepare DNA from ascocarps; however, ascocarps were manually
crushed and homogenized in the reagent prior to DNA preparation.
The internal transcribed spacer (ITS) region, including the intervening
5.8S rRNA gene, was amplified using universal primer pairs, ITS1 and
ITS4, as described by White et al. (1990). Each 50- µ l reaction mixture
contained template DNA from fungal DNA preparations (or no DNA
template for a negative control), 1 unit Taq polymerase (Perkin-Elmer,
Branchberg, NJ), 4 mM MgCl2, 200 (M dNTPs, and 0.5 (M of each primer
(ITS1 and ITS4). A Techne ProgeneTM (Princeton, NJ) thermal cycler was
used with the following cycling parameters: 94oC initial denaturation (5
m), followed by 48 cycles of denaturation at 94oC (35 s), annealing at
46oC (1 m 10 s), extension at 72oC (1 m 40 s), and one cycle of final
extension at 72oC (7 m) (Pimentel et al. 1998).
The PCR products were analyzed by electrophoresis in a 1.5% agarose
gel in 0.5X TBE (Tris-Borate-EDTA) buffer. The gels were stained with
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ethidium bromide (0.5 (g/ml) and DNA was visualized using UV light. The
PCR products for ITS (ca 650 bp) were sequenced using an ABI 377XL
PRISM automatic sequencer. Because PCR of P. guttata produced two
bands, the ca 650-bp band was excised from the agarose gel, and DNA
was isolated using GENECLEANTM (Bio101) before subsequent sequencing. The ITS sequences of M. pulchra and P. guttata were compared with information available in GenBank using a Blast search
(Altschul et al. 1997).
Results and Discussion: The Lyse-N-GoTM DNA preparation reagents
and associated protocol produced suitable template DNA from very small
amounts of mycelia or ascocarps (ca 75-100) of M. pulchra or P. guttata.
The use of very small amounts of mycelia directly from leaf tissue is of
particular significance to studies on obligate parasites that cannot be
grown in artificial media to obtain sufficient fungal material for DNA
extraction.
Amplification of the ITS regions produced a product of similar size, ca
650 bp, for all isolates of M. pulchra and P. guttata (Fig 1). All isolates M.
pulchra of exhibited an identical DNA sequence for ITS, a potential
indication of gene flow among the populations from which the selected
isolates originated or a reflection of a recent introduction of the pathogen.
Because the ITS region of M. pulchra did not show sequence variation,
the ITS region does not appear useful for studying genetic variation
within the species. Although amplified ITS from P. guttata was of a similar
size, the DNA sequence was distinctly different from M. pulchra (Fig 2).
These results can provide the basis for designing specific PCR primers
to detect and distinguish M. pulchra and P. guttata at the conidial stage.
A comparison of the ITS DNA sequence with information available in the
GenBank for M. pulchra isolates showed a virtually identical match with
M. pulchra var. pulchra from a Japanese research group (Mori et al.
2000). The isolate used by the Japanese group was isolated from
Cornus kousa. The PCR reaction of ITS for the P. guttata isolate showed
multiple bands. The 650-bp band was sequenced, and BLAST analysis
revealed a close alignment with P. moricola, P. kakicola, and P. fraxini.
The extraneous band (ca 600 bp) has not yet been sequenced and
needs further investigation. However, it is assumed that this extraneous
band may represent a contaminating organism or a hyperparasite.

Implications of similarity between M. pulchra isolates from C. florida in
Tennessee and M. pulchra isolates from C. kousa in Japan. The virtually
identical ITS sequences of M. pulchra isolates from Tennessee and the
Japan raises a serious question as to whether this powdery mildew
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pathogen was introduced to the USA (e.g., with C. kousa plants). The
sudden appearance of the powdery mildew problem in the southeastern
USA came at a time when intensive efforts were focused on controlling
dogwood anthracnose, caused by Discula destructiva. During this time,
efforts were underway to identify anthracnose-resistant sources from
diverse geographic areas. Ascocarps of M. pulchra constitute an important source of primary inoculum and can be carried on plants, including
C. kousa, that appear clean from powdery mildew symptoms (Mmbaga
2000). Is it possible that ascocarps on symptom-less C. kousa were
accidentally introduced to the USA? If so, M. pulchra may have quickly
increased and spread on the more susceptible C. florida that is native to
the USA. The implications from this preliminary study need confirmation,
but such insight is critical to develop an approach to manage powdery
mildew disease on dogwood.
Significance to the Industry: Preliminary results from this study
provide a potential means to distinguish M. pulchra and P. guttata at the
condial stage, and suggest possible explanations for the sudden emergence of powdery mildew disease problem in dogwood. This information
is critical for the development of disease management strategies in
nursery crops, but more studies using more isolates are needed to
confirm the above results.
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Figure1. PCR reactions with ITS primers on Microsphaera pulchra, and
Phyllactinia guttata from Cornus florida (Lane 1 = Negative control, Lane
2 = P. guttata, Lane 3 = M. pulchra, and M = Molecular size markers).
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Figure 2. Sequences of the ITS region of Microsphaera pulchra and
Phyllactinia guttata from Cornus florida
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Nature of Work: Fire blight, caused by the bacterium Erwinia
amylovora, is one of the most significant diseases of rosaceous plants,
particularly members in the subfamily Maloideae. Susceptible plants can
be severely damaged and killed by fire blight in nursery and landscape
plantings. The disease can be especially problematic in the SE United
States where environmental conditions are favorable for the pathogen.
Flowering crabapples vary considerably in resistance to this disease
providing opportunities for the selection and development of superior
plants (2, 7).
Research on fire blight resistance of flowering crabapples has been
limited and has primarily been based on observations of natural infection
(2, 4, 5, 6, 7). Because incidence of fire blight can be sporadic and vary
from region-to-region and year-to-year, observations and results from
field surveys can be inconsistent and variable. Plants that initially appear
to be resistant may later be found to be susceptible when conditions are
favorable for disease development. Controlled inoculations of actively
growing shoots with E. amylovora can provide an effective and consistent means for evaluating fire blight resistance (1, 3).
Forty-nine 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, N.C. Trees were planted between March 1990 and March
1991. Erwinia amylovora strain Ea 273, a virulent strain obtained from
Cornell University, was used as the inoculum at a concentration of ~ 4.7
x 108 cfu/ ml. The two youngest leaves on actively growing shoots were
bisected with a small pair of scissors that had been dipped into the
inoculum prior to each cut. Each tree was divided into quadrants and
one actively growing shoot (subsample) in each quadrant was inoculated
on 20 May 1999. Disease assessments were made 40 days after the
initial inoculations. Lesion length and total length of the current season’s
growth were measured. The severity of infection was calculated as the
length of the fire blight lesion as a percentage of overall shoot length.
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Trees in the same field plot as described previously were also evaluated
for natural occurrence of fire blight. Disease severity was rated during
the summers of 1994, 1995, and 1999 (see Table 1 for rating scale). All
data were subjected to analysis of variance.
Results and Discussion: Resistance to fire blight varied widely among
the taxa screened. Lesion lengths ranged from 0 to 100 % of overall
shoot length (Table 1). ‘Sinai Fire’, ‘Golden Raindrops’ and M.
tschonoskii were highly susceptibility and differed significantly from other
taxa screened. Lesions extended into prior year’s growth on some of the
replicates of ‘Sinai Fire’, ‘Golden Raindrops’, ‘Silver Moon’, M.
tschonoskii. Thirty-six taxa did not differ significantly from 0 % infection
while ten others differed significantly from both 0 and 100% and were
considered intermediate in susceptibility to fire blight strain Ea 273 under
the conditions of this test.
Disease ratings of natural infections varied considerably over the three
years (Table 1). Nine, 14, and 22 taxa showed some infection for 1994,
1995, and 1999, respectively. Infection in 1999 was higher on average
than in 1994 and 1995. There were many instances where certain
cultivars had no disease in some years, but severe infections in others.
For example, Malus tschonoskii and Malus ‘Brandywine’ received a zero
rating for both 1994 and 1995 but had mean disease ratings of >2 for
1999.
In many cases there was considerable agreement between results from
natural infection and controlled inoculations. The taxa M. sieboldii
‘Calocarpa’, ‘David’, and ‘Adirondack’ showed no symptoms of natural
infection in all three years, which was consistent with the 0% lesion
length under the controlled inoculations. ‘Golden Raindrops’, ‘Sinai Fire’,
and M. tschonoskii all showed symptoms of natural infection, particularly
in 1999 when all three received at least a rating of 2, also consistent with
susceptibility found in controlled inoculations. However, there were also
cases where plants appeared to be resistant based on natural infection,
but were susceptible based on controlled inoculations. For example,
‘Baskatong’ and ‘White Angel’ showed no sign of natural infection for all
three years, yet had mean lesion lengths of 32 and 41%, respectively,
under controlled inoculations. In previous studies (6), ‘White Angel’ was
reported as “resistant” and ‘Sinai Fire’ as “moderately resistant” under
natural disease pressure. In this study, ‘White Angel’ was found to be
susceptible under controlled inoculations while ‘Sinai Fire’ was found to
be one of the most susceptible cultivars under both natural and controlled conditions. Those cultivars reported as highly resistant in this
study (i.e. 0% lesion length and rating = 0) have also been reported as
being resistant in previous studies (6).
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Differences in inoculum levels and conditions favoring infection during
bloom within and between years may account for differences observed in
this study and among studies at various locations. Our results indicate
that field observations of fire blight susceptibility, under conditions of
natural infection, can be misleading and may not be a reliable method to
evaluate resistance. The results presented in this paper are being used
as a foundation for additional research on the role of secondary plant
metabolites in host plant resistance to E. amylovora, host by pathogen
strain interactions, and the development of new disease resistant cultivars.
Significance to the Industry: Flowering crabapples are one of the most
economically important flowering trees produced in the United States.
Evaluation, selection, and improvement of cultivars with superior disease
resistance will contribute to lower production costs, reduced need for
pesticides, improved environmental quality, and superior products. This
research utilized a rigorous approach of controlled pathogen inoculation
to screen cultivars for resistance to fire blight under “worst case” conditions. Information from this study provides a reliable basis for the
selection and improvement of more disease resistant crabapples.
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Table 1. Fire blight ratings for flowering crabapples.
Malus taxa
Controlled Natural
Natural
Inoculations Infection
Infection
z
y
1999
1994
1995y
sieboldii ‘Calocarpa’ 0
0.0
0.0
‘David’
0
0.0
0.0
‘Adirondack’
0
0.0
0.0
‘Sentinel’
1
0.3
0.7
‘Adams’
1
0.0
0.0
‘Pink Princess’
2
0.0
0.0
‘Sutyzam’
3
0.2
0.0
(Sugar TymeTM )
‘White Cloud’
4
0.0
0.0
‘Centurion’
4
0.0
0.0
baccata ‘Jackii’
4
0.0
0.0
‘Radiant’
6
0.0
0.0
‘Molten Lava’
6
0.0
0.0
‘Pink Satin’
6
0.0
0.0
‘Camzam’
7
NA
0.0
(CamelotTM )
‘Ormiston Roy’
7
0.0
0.7
‘Prairifire’
7
0.0
0.0
‘Indian Summer’
8
0.0
0.0
floribunda
9
0.3
1.0
‘Robinson’
9
0.0
0.0
‘Narragansett’
10
0.0
0.0
‘Dolgo’
10
0.0
0.0
sargentii
10
0.0
0.0
‘Liset’
11
0.0
0.0
‘Jewelberry’
11
0.0
0.0
‘Purple Prince’
11
0.0
0.0
‘Strawberry Parfait’ 11
0.3
0.0
‘Callaway’
12
0.0
0.0
‘Candy Mint’
13
0.0
0.0
‘Glen Mills’
14
0.0
0.0
‘Silver Drift’
14
0.0
0.0
‘Snow Drift’
14
0.0
0.3
‘Canary’
17
0.0
0.0
‘Hargozam’
18
0.3
0.7
(Harvest GoldTM )
‘Louisa’
19
0.0
0.0
‘Prairie Maid’
22
0.0
0.0
‘Red Splendor’
23
0.0
0.0
‘Doubloons’
28
0.3
0.7
‘Baskatong’
32
0.0
0.0
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Natural
Infection
1999y
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
0.0
0.7
0.0
0.0
0.0
1.7
0.0
0.0
1.0
0.0
0.0
0.3
0.0
0.7
0.0
0.0
0.0
0.0
0.0
0.3
0.7
0.3
0.0
1.3
0.2
0.0
0.0
0.7
0.0
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‘Professor
33
Sprenger’
‘Branzam’
39
(BrandywineTM )
‘Mary Potter’
40
‘White Angel’
41
‘Mazam’
50
(MadonnaTM )
hupehensis
55
‘Donald Wyman’
61
‘Silver Moon’
61*
‘Schmidtcutleaf’
91*
(Golden RaindropsTM)
tschonoskii
100*
‘Sinai Fire’
100*

LSD 0.05

25.6

0.0

0.3

0.3

0.0

0.0

2.0

0.0
0.0
0.0

1.0
0.0
1.7

1.3
0.0
0.3

0.0
0.0
1.3
1.0

0.8
0.3
2.0
2.0

2.7
0.5
2.7
2.3

0.0
1.0

0.0
0.7

2.5
2.0

0.5

0.4

0.8

z Controlled Inoculations: % of total shoot length infected.
y Natural infection: 0=no evidence of fire blight, 1=few (1-3) branch tips
infected, 2=numerous (>3) branch tips showing symptoms and few (1-3)
major branches infected, 3=several (2-3) major branches infected and
considerable dieback, 4=major (>30%) portion of the tree killed. NA =
data not available.
* Lesion extended into prior year’s growth on some branches.
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