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Irrigation Effects on the Spread of Corynespora
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Signiﬁcance to Industry: African violets are susceptible to the fungus
Corynespora cassiicola. Infected tissue appears as circular lesions with light
brown centers surrounded by narrow dark-brown margins (3). Mist, drip, and
ebb & ﬂow irrigation systems were studied to determine which was most effective
in reducing the spread of the fungus. Data indicated that the drip treatment
supported a slower initial infection rate, but all three systems provided no
reduction in the spread of C. cassiicola.
Nature of Work: Corynespora cassiicola is a pathogen of several plant species
including tomatoes (Lycopersicon esculentum), zebra plants (Aphelandra
squarrosa), lipstick vine (Aesclynanthus
Aesclynanthus pulcher
pulcher), rubber (Heva brasiliensis),
tobacco (Nicotiana tabacum) and African violets (Saintapaulia ionatha) (1, 2, 4).
In greenhouses of African violets, the disease can explosively spread from late
March to late September and destroy most of the crop.
African violets can be grown with different types of irrigation systems that
may affect the plants ability to resist disease or make the environment more
conducive for disease development. The objective of this study was to determine
which irrigation method was the most effective in controlling the spread of
C. cassiicola while maintaining the best growing conditions for the plant. The
three irrigation systems used in this study were mist, drip, and ebb & ﬂow.
In July 2005 and May to June 2006, a total of thirteen replications were
conducted on each treatment of ebb & ﬂow, mist, and drip. Data were collected
each week for seven weeks. Each treatment consisted of eight healthy plants
surrounding one diseased plant for a total of nine African violets within each
treatment. Each plant within a treatment was placed three and a quarter inches
apart from the diseased plant. The treatments were randomly placed and
separated by Plexiglas making the treatment area eight square feet.
The ebb & ﬂow treatment was watered three days a week on Mondays,
Wednesdays, and Fridays at ten in the morning for ﬁfteen minutes. The mist
treatment cycle used micronet vibro-mist nozzles and the system used three
cycles a day between 8-10, 11:30-1:30, and 3-5. The mist treatment cycle during
these times was on for two minutes and off for ten minutes. The drip treatment
used woodpecker drippers and the emitters used a half a gallon of water per
hour. The drip came on once a day for twenty minutes at ten in the morning.

184

Pathlogy and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
Results and Discussion: Healthy plants were monitored for seven weeks
for the presence of lesions on leaves and/or petioles. Once a plant became
symptomatic, it was marked as infected with C. cassiicola. The time in which
the lesions appeared determined the effectiveness of the respective irrigation
system.
Three replications of each treatment were conducted in July. Plants in the mist
and the ebb & ﬂow treatments were the ﬁrst to show symptoms of the disease.
Lesions appeared on the healthy plants and both treatments supported a 4.3%
infection rate by the third week (Fig. 1a). All the plants were infected in the ebb
& ﬂow treatment after seven weeks whereas, 100% infection of plants required
more time in the mist and the drip irrigation treatments.
The initial infection rate of plants in the drip treatment was the slowest in
the three irrigation systems investigated in July. Lesions on plants did not
appear until the ﬁfth week. However, once infection was present, the disease
spread rapidly.
The study was repeated between May and June, 2006. All of the plants in each
irrigation treatment were infected after seven weeks. (Fig.1b).
In the ﬁrst study, the drip treatment was superior to other treatments in delaying
disease development. However, in the second experiment, no irrigation treatment
reduced disease development.
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Figure 1. Disease progression of Corynespora leaf spot on African violets grown
under three irrigation regimes, ebb & ﬂow (EB), mist (M) and drip (D) in July (a)
and November (b).
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Chemical Control of Alternaria Leaf Spot, Powdery
Mildew, and Bacterial Leaf Spot on Zinnia
A. K. Hagan and J. R. Akridge
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Index Words: Zinnia elegans, Xanthomonas campestris pv. zinniae, Alternaria
zinniae, Erysiphe cichoracearum, azoxystrobin, chlorothalonil, myclobutanil,
tebuconazole, paraﬁnnic oil, copper hydroxide, streptomycin sulfate
Signiﬁcance to Industry: Selected pesticides with fungicidal and bactericidal
activity were screened for the control of Alternaria leaf spot, bacterial (angular)
leaf spot, and powdery mildew on zinnia (Z. elegans) in a simulated landscape
planting. While Alternaria leaf spot and powdery mildew were noted in 2004,
bacterial leaf spot predominated in 2005. None of the treatments controlled all
three diseases. Heritage 50W greatly reduced the incidence of Alternaria and
bacterial leaf spot but not powdery mildew. Daconil Weather Stik, as well as the
retail fungicides SunSpray Ultra Fine Oil, Bayer Disease Control, and Immunox
controlled Alternaria leaf spot and powdery mildew but not bacterial leaf spot.
When compared with the other treatments, the bactericide Agrimycin 17 gave
better control of bacterial leaf spot than Alternaria leaf spot and powdery mildew.
Kocide 101 77W was very phytotoxic to zinnia.
Nature of Work: Zinnias are full sun summer annuals that come in a wide range
of ﬂower colors and growth habits. In recent years, sales of zinnias as cut ﬂowers
at local farm markets have also expanded. However, production of zinnias,
particularly selections and hybrids of Z. elegans, has declined due to prevalence
of diseases such as Alternaria leaf spot, bacterial (angular) leaf spot, and
powdery mildew (1,3,5). Extended periods of wet, cloudy summer weather are
especially favorable for the rapid onset and spread of bacterial and Alternaria leaf
spot (3,5). Powdery mildew often will appear in late summer or early fall as night
temperatures begin to cool. Planting disease resistant cultivars is the preferred
method of avoiding outbreaks of Alternaria leaf spot, bacterial (angular) leaf spot,
and powdery mildew. Unfortunately, Gombert et al (1) noted in a Tennessee
trial that nearly all of the 57 cultivars of zinnia (Z. elegans), including the
recently released ‘Dreamland Series’, were heavily damaged by a combination
of Alternaria and/or bacterial leaf spot. Information relating to the reaction of
selections of ‘Star Series’ (Zinnia augustifolia), ‘Crystal Series’ (Zinnia haageana)
and ‘Profusion Series’ zinnia to the above diseases is not available. Previously,
Z. augustifolia was shown to be highly resistant to Alternaria and bacterial leaf
spot (4). Chemical treatments are also an option for controlling Alternaria leaf
spot, bacterial leaf spot, and powdery mildew on zinnia. Wehlburg (5) noted that
Daconil (chlorothalonil), maneb, and zineb will control Alternaria leaf spot, while
Miller (3) suggested applications of Kocide 101 77W (copper hydroxide) alone
or tank mixed with Dithane M-45 (mancozeb) for the control of bacterial leaf
spot. The objective of this study was to assess the effectiveness of foliar-applied
pesticides for the control of Alternaria leaf spot, powdery mildew, and bacterial
leaf spot in a simulated landscape planting of a selection of Z. elegans.
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Prior to planting, Benndale sandy loam soil at the Brewton Agricultural Research
Unit (USDA Plant Hardiness Zone 8a) was worked to seed-bed condition.
Soil fertility and pH were also adjusted before transplanting according to the
results of a soil fertility assay. Flats of zinnia ‘Dreamland Mix’ and ‘Dreamland
Yellow’, which were purchased from a retail garden center, were transplanted
on 5 May 2004 and 20 April 2005, respectively. Drip irrigation tape was installed
immediately after planting and the test plants were watered as needed. In both
years, a slow release nursery fertilizer was evenly distributed over each replicate.
Plots were mulched with aged pine bark. Weeds were controlled with a hoe or
were hand pulled. The experimental design was randomized complete block
with 6 single plant replications in 2004 and 6 two-plant replications in 2005.
Agrimycin 17 (streptomycin sulfate), Bayer Disease Control (tebuconazole),
Daconil Weather Stik 6F (chlorothalonil), Heritage 50W (azoxystrobin), Immunox
(myclobutanil), Kocide 101 77W (copper hydroxide), and SunSpray Ultra Fine
Oil (parafﬁnic oil) were evaluated. Treatments were applied to drip with a CO2pressurized sprayer at 2-week intervals from 14 May to 10 September 2004 and
from 2 May to 23 August 2005. Incidence of Alternaria leaf spot, bacterial leaf
spot and powdery mildew were rated on a 1 to 12 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 or damaged. Disease ratings were recorded
on 20 September 2004 and 24 August 2005.
Results and Discussion: In 2004, total rainfall for May through September
was at or above the historical average for those months. All of the treatments
signiﬁcantly reduced the incidence of Alternaria leaf spot and powdery mildew
compared to the untreated control (Table 1). Heritage 50W, Immunox, Daconil
Weather Stik 6F, SunSpray Ultra Fine Oil, and Bayer Disease Control gave better
control of Alternaria leaf spot than Agrimycin 17 and Kocide 101 77W. Little if
any colonization of the leaves by the powdery mildew fungus was noted on the
Kocide 101 77W, Immunox, Daconil Weather Stik 6F, SunSpray Ultra Fine Oil,
and Bayer Disease Control-treated zinnia. Some suppression of powdery mildew
was also obtained with Agrimycin 17 but surprisingly not with Heritage 50W. A
severe marginal leaf burn and noticeable light blue residue was noted on Kocide
101-treated zinnia.
At the 20 June 2005 rating date, no symptoms of any leaf spot diseases were
seen. With the onset of almost daily rain showers and dense cloud cover from
mid-June until the 24 August, weather patterns were extremely conducive for
disease development. Between 20 June and 24 August, considerable spotting,
which was largely attributed to bacterial leaf spot, was noted on the leaves of
most plants. Disease ratings for the Daconil Weather Stik 6F, SunSpray Ultra
Fine Oil, and Immunox-treated zinnia were similar to that for the untreated
control. Bayer Disease Control and Kocide 101 77W gave some disease control.
With the exception of Agrimycin 17, Heritage 50W gave better disease control
than all of the other treatments. Again, a severe leaf burn was seen on the
Kocide 101-treated zinnia. Powdery mildew development was not observed
in 2005.
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In summary, none of the pesticides screened gave effective control of all three
diseases. Heritage 50W controlled Alternaria leaf spot and surprisingly bacterial
leaf spot but relatively ineffective against powdery mildew. Previously, this
fungicide gave excellent control of powdery mildew on ﬂowering dogwood (2).
As expected, Agrimycin 17 slowed the spread of bacterial leaf spot but not
particularly effective in controlling Alternaria leaf spot and powdery mildew. Bayer
Disease Control, Daconil Weather Stik 6F, Immunox, and SunSpray Ultra Fine Oil
gave good control of Alternaria leaf spot and powdery mildew but generally had
little impact on the spread of bacterial leaf spot. Kocide 101 77W, which showed
some activity against powdery mildew and bacterial leaf spot, proved highly
phytotoxic and should not be applied to zinnia.
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Table 1. Chemical control of Alternaria leaf spot and powdery mildew on
‘Dreamland Mix’ zinnia, 2004.

Fungicide and Rate/100 gal
Untreated control
Heritage 50W 4.0 oz
Agrimycin 17 22.4W 1.0 lb
Kocide 101 77W 1.5 lb
Immunox 100 ﬂ oz
Daconil Weather Stik 6F 1.3 pt
SunSpray Ultra Fine Oil 0.8 gal
Bayer Disease Control 0.4 gal

Disease Incidence
Alternaria
Powdery
leaf spot
mildew
8.2 a*
6.0 a
2.2 c
4.7 ab
4.8 b
3.7 b
4.5 b
1.3 c
3.0 c
1.0 c
3.0 c
1.8 c
3.2 c
1.8 c
2.3 c
1.0 c

*Means in the same column that are followed by the same letter are not signiﬁcantly different according
to Fisher’s protected least signiﬁcant difference test (P=0.05).
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Table 2. Chemical control of bacterial leaf spot on zinnia ‘Dreamland
Yellow’, 2005.

Fungicide and Rate/100 gal
Untreated control
Heritage 50W 4.0 oz
Agrimycin 17 22.4W 1.0 lb
Kocide 101 77W 1.5 lb
Immunox 100 ﬂ oz
Daconil Weather Stik 6F 1.3 pt
SunSpray Ultra Fine Oil 0.8 gal
Bayer Disease Control 0.4 gal

Disease
Incidence
7.1 ab*
3.0 f
4.0 ef
4.6 de
6.6 abc
7.3 a
7.0 ab
5.3 cde

*Means in the column that are followed by the same letter are not signiﬁcantly different according to
Fisher’s least signiﬁcant difference (LSD) test (P=0.05).
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Susceptibility of Flowering and Hybrid Dogwoods to
Diseases at Two Locations in Alabama
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Index Words: Spot anthracnose, Cercospora leaf spot, powdery mildew, Cornus
ﬂorida, Cornus kousa x ﬂorida, Stellar series dogwood
Signiﬁcance to Industry: Cultivars of Stellar® hybrid dogwood and ﬂowering
dogwood were established in a full-sun simulated landscape planting at the
Brewton Agriculture Experiment Unit (BARU) in Southwest Alabama and
the Sand Mountain Research and Extension Center (SMREC) in Northeast
Alabama. At both study sites, their reaction to the diseases spot anthracnose,
powdery mildew, and Cercospora leaf spot, as well as tree dimensions and
vigor, were evaluated. With a few exceptions, Stellar® hybrid dogwoods were
more resistant to these three diseases that are commonly found on dogwood
in Alabama landscape plantings. However, chlorotic leaves, reduced leaf area,
and vulnerability to Asian ambrosia beetle show that these trees are not well
adapted to the South Alabama. In contrast, the combination of low disease
pressure, as well as vivid green leaves and rapid growth in full sun make the
Stellar® hybrid dogwoods an attractive alternative to ﬂowering dogwoods in
North Alabama landscapes. Among the ﬂowering dogwoods, Cherokee Brave
was less susceptible than the other ﬂowering dogwood selections to powdery
mildew, while Cherokee Princess may be the least sensitive to spot anthracnose.
While leaf color was better at the SMREC than BARU for the ﬂowering dogwood
cultivars, an Asian ambrosia beetle infestation was noted on only 2% of
these trees.
Nature of Work: Flowering dogwood (Cornus ﬂorida) are among the most
popular small ﬂowering trees in southern landscapes. The fungus-incited
diseases spot anthracnose, powdery mildew and Cercospora leaf spot often have
a detrimental impact on the aesthetics and possibly health of ﬂowering dogwood
in the landscape. While fungicides can protect ﬂowering dogwood from diseases
(2), planting a resistant cultivar is the preferred method of avoiding damaging
disease outbreaks in the nursery and landscape. Recent studies (3,4,6) have
focused largely on ﬂowering dogwood cultivar reaction to spot anthracnose
and/or powdery mildew but none have addressed their reaction to Cercospora
leaf spot.
The Stellar® series of hybrid dogwood (C. kousa x ﬂorida) were released to the
nursery trade by Dr. Elwin Ortin at Rutgers University in the early 1990’s. In
North Carolina, Ranney et al (5) noted that the Stellar® series hybrid dogwoods
Stellar Pink and Celestial were highly resistant to dogwood anthracnose, while
the level of resistance in Constellation, Aurora, and Ruth Ellen was listed as
intermediate. Resistance to E. pulchra-incited powdery mildew for Stellar Pink,
Celestial, and Aurora was also reported (5). Mmbaga and Sauve (4) also noted
Pathlogy and Nematology Section
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that Ruth Ellen is more susceptible to E. pulchra-incited powdery mildew than
the other Stellar® series dogwoods. While the Stellar® hybrid dogwood cultivars
demonstrated a high level of resistance or immunity to spot anthracnose and
powdery mildew in central Alabama, their survival rate over the four-year study
period was far below that for the ﬂowering dogwood cultivars (3). In this study,
the reaction of selected cultivars of ﬂowering and Stellar® hybrid dogwood to the
diseases spot anthracnose, powdery mildew, and Cercospora leaf spot, as well
as their adaptability was assessed in full sun simulated landscape planting at two
locations in Alabama.
In February 2004, selected cultivars of ﬂowering dogwood (Cornus ﬂorida)
and Stellar® hybrid dogwood (Cornus kousa x ﬂorida) were planted in full sun
at the Sand Mountain Research and Extension Center [SMREC] in Northeast
Alabama and at the Brewton Agricultural Research Unit [BARU] in Southwest
Alabama. The ﬂowering dogwood Appalachian Spring was included in the study
at the BARU but not SMREC. Otherwise, the cultivar list for both locations was
identical. Before planting, soil fertility and pH was adjusted according to the
results of a soil fertility assay. Immediately after planting, approximately 1 inch
of aged pine bark was distributed around the base of each tree. A drip irrigation
system was installed immediately after planting and the trees were watered
as needed. Ammonium nitrate was applied twice around each tree at a rate of
150 pounds of actual nitrogen per treated acre. In addition, Surﬂan AS at 2 quart
per acre alone or in combination with Gallery at 1 pound per acre was applied
for pre-emergent weed control at the SMREC and BARU, respectively. At the
SMREC, MSMA was applied as needed to control escaped grass weeds. Spot
anthracnose, powdery mildew and Cercospora leaf spot incidence was assessed
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 diseased or prematurely shed.
Ratings for spot anthracnose, powdery mildew, and Cercospora leaf spot were
recorded on the dates listed in the table. Signiﬁcance of treatment effects were
tested by analysis of variance and Fisher’s protected least signiﬁcant difference
(LDS) test (P=0.05).
Results and Discussion: In the SMREC trial in 2005, symptoms of spot
anthracnose on the leaves of seven of the 9 dogwood cultivars were ﬁrst seen
on 13 April. By 17 May, spot anthracnose ratings were signiﬁcantly higher
for the ﬂowering dogwood cultivars Cherokee Brave, Cherokee Princess,
Cloud 9, and Rubra than for all of the Stellar® Series hybrid dogwoods (Table
1). Cherokee Princes had a lower spot anthracnose leaf rating compared with
the other ﬂowering dogwood cultivars. Spot anthracnose ratings for the ﬁve
Stellar® series hybrid dogwoods were equally low. Incidence of powdery mildew
greatly increased on several ﬂowering dogwood cultivars between the 17 May
and 8 July rating dates. Nearly all of the leaves on the Rubra and Cherokee
Princess ﬂowering dogwood were colonized by the powdery mildew fungus
E. pulchra. While Cherokee Brave and Cloud 9 had lower powdery mildew
ratings than the above ﬂowering dogwood cultivars, a very high percentage of
the leaves on both trees were also heavily colonized. In contrast, incidence of
powdery mildew on the leaves of Stellar Pink, Ruth Ellen, Celestial, Aurora, and
Constellation ranged from 0% and 8%. Stellar Pink had lower powdery mildew
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ratings than Constellation. Cercospora leaf spot appeared between the 8 July
and 29 August rating dates. By 29 August, heaviest premature defoliation was
noted on Cherokee Princess ﬂowering dogwood. Over the next two weeks,
defoliation levels increased on all dogwood cultivars. On Cherokee Princess and
Cherokee Brave, defoliation exceeded 50% on 14 September compared with less
than 6% on the Stellar® series dogwoods Stellar Pink, Ruth Ellen Celestial, and
Aurora. On this same date, similar levels of defoliation were recorded for Rubra,
Cloud 9, and Constellation. By 20 October, moderate to heavy Cercospora leaf
spot-induced defoliation was seen on all ﬂowering and Stellar® series hybrid
dogwoods except for Celestial and Stellar Pink. Heaviest premature defoliation
was recorded on the ﬂowering dogwood cultivars Cherokee Princess and
Cherokee Brave. Defoliation levels for Ruth Ellen, Aurora, and Constellation were
statistically similar.
As was noted in the previous year, spot anthracnose damage was considerably
heavier on the ﬂowering than the Stellar® series hybrid dogwoods in 2006.
Among the ﬂowering dogwood cultivars, Cherokee Princess suffered less
spot anthracnose-related leaf spotting (Table 1). Spot anthracnose ratings for
Cherokee Brave, Cloud 9, and Rubra were similar. Characteristic symptoms
associated with spot anthracnose were found on no more than 3% of the leaves
of any of the Stellar® series hybrid dogwood. Overall, the Stellar® series hybrid
dogwoods proved much more resistant to powdery mildew than the ﬂowering
dogwood cultivars. On the 6 June, little if any colonization of the leaves of
the Stellar® series dogwoods was noted. In contrast, colonies of the powdery
mildew fungus were found on more than 90% of the leaves of Rubra ﬂowering
dogwood. While Cherokee Brave had the lowest powdery mildew ratings among
the four ﬂowering dogwoods, the level of leaf colonization was higher on this
cultivar compared with all ﬁve Stellar® series hybrid dogwood. As of 6 June 2006,
symptoms of Cercospora leaf spot were not observed at the SMREC on the
leaves of any of the ﬂowering or hybrid dogwoods.
While the incidence of spot anthracnose on the ﬂowering dogwood cultivars in
2005 at BAMU ranged from 25% for Appalachian Spring to approximately 40%
for Cloud 9, Cherokee Princess, and Rubra, differences in the ratings for this
disease were not signiﬁcant (Table 2). All of the Stellar® series hybrid dogwoods
had signiﬁcantly lower spot anthracnose ratings than the ﬂowering dogwood
cultivars Cloud 9, Cherokee Princess, and Rubra. Spot anthracnose ratings for
the ﬂowering dogwood cultivars Appalachian Spring and Cherokee Brave were
statistically similar to those reported for the Stellar® series hybrid dogwoods Ruth
Ellen, Stellar Pink, Aurora, and Constellation but not for Celestial. No signiﬁcant
differences in spot anthracnose ratings were noted between the ﬁve Stellar®
series hybrid dogwood. Although considerable powdery mildew development
was noted on the leaves of all of the ﬂowering dogwood cultivars in 2005, the
Stellar® series hybrid dogwoods suffered from very little if any leaf colonization by
the powdery mildew fungus E. pulchra. Among the ﬂowering dogwood cultivars,
Rubra and Cherokee Brave had the highest and lowest, respectively, powdery
mildew ratings. Powdery mildew incidence was higher on Cherokee Brave than
all of the Stellar® series hybrid dogwood cultivars. On 22 August, the level of
premature defoliation attributed to Cercospora leaf spot was higher on Cherokee
Princess compared with nearly all of the ﬂowering and Stellar® series dogwoods.
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By the 10 October rating date, defoliation levels for the Stellar® series dogwoods
cultivars were far below those recorded for the ﬁve ﬂowering dogwood cultivars.
On this rating date, defoliation levels for the ﬂowering dogwood cultivars ranged
from a low of nearly 50% for Cherokee Brave to a high almost 93% for Rubra.
Cercospora leaf spot-related defoliation was lower for Appalachian Spring,
Cherokee Brave, Cloud 9, and Cherokee Princess compared with Rubra. Ruth
Ellen, Constellation, and Stellar Pink, which had the highest Cercospora leaf spot
defoliation ratings among the Stellar® series dogwoods, suffered approximately
8 to 12 % premature leaf loss. Defoliation ratings for Celestial and Aurora
were signiﬁcantly below those recorded for Stellar Pink and Constellation.
Between the 15 October and 11 November rating dates, Cercospora leaf
spot-related defoliation intensiﬁed on all dogwood cultivars. By 11 November,
defoliation ratings for Stellar® series dogwoods Ruth Ellen, Stellar Pink, and
Constellation were often similar to those recorded for the Appalachian Spring,
Cloud 9, and Cherokee Princess ﬂowering dogwoods. On this date, the Rubra
ﬂowering dogwood was almost completely defoliated. Among the Stellar® series
dogwoods, Celestial and Aurora had the lowest Cercospora leaf spot-related
defoliation ratings.
So far, rainfall totals for the spring 2006 have been far below the totals for the
same period of time in 2005. With the exception of Cherokee Princess, spot
anthracnose incidence on 8 May was signiﬁcantly lower for the Stellar® series
than for the ﬂowering dogwood cultivars (Table 2). Among the ﬂowering dogwood
cultivars, spot anthracnose ratings for higher for Appalachian Spring and Rubra
than for Cherokee Princess, but not Cloud 9 and Cherokee Brave, which were
intermediate. Similar spot anthracnose ratings were recorded for all of the
Stellar® series hybrid dogwood cultivars. In 2006, noticeable powdery mildew
development was noted only on the Rubra ﬂowering dogwood.
Overall, the Stellar® series dogwoods appear to be performing better at the
SMREC than the BARU, which is located approximately 45 miles northeast of
Pensacola, FL. At the SMREC, these dogwoods have deeper green leaf color,
larger leaves, and faster shoot elongation compared with the same cultivars at
the BARU. Overall vigor of the ﬂowering dogwood cultivars appeared better at
the SMREC than the BARU. In addition, Asian ambrosia beetle (Xylosandrus
crassiusculus) damage on the trunks was recorded between March and June
2006 at BARU on 30% of the Stellar® series dogwoods. In contrast, little Asian
ambrosia beetle damage has been seen on the ﬂowering dogwood cultivars at
BARU. Several of the beetle-damaged Stellar® series dogwoods have recently
died. Insect damage similar to that seen on the Stellar® series dogwoods at the
BARU has not been found on the any trees at the SMREC.
As has been previously reported (3,4,5), Stellar® series hybrid dogwoods have
a much better disease resistance package than most cultivars of ﬂowering
dogwood. At both locations, incidence of the leaf spot phase of spot anthracnose,
as well as powdery mildew was usually lower for the Stellar® hybrid than for
the ﬂowering dogwood cultivars. In addition, very few differences in the level
of spot anthracnose and powdery mildew resistance were seen between the
Stellar® series hybrid dogwoods Aurora, Celestial, Constellation, Ruth Ellen, and
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Stellar Pink. Cherokee Brave, which demonstrated partial resistance to powdery
mildew, proved just as susceptible to spot anthracnose as the other cultivars of
ﬂowering dogwood.
While information concerning the reaction of selections or cultivars of dogwood
species to Cercospora leaf spot is largely unavailable, differences in the rate of
disease development can be seen in a landscape planting of ‘native’ ﬂowering
dogwood (Hagan, personal observation). Recently, development of Cercospora
leaf spot was slightly slower on the Cherokee Chief than the Cloud 9 ﬂowering
dogwood (1). When compared with most of the Stellar® hybrid dogwood cultivars,
ﬂowering dogwood cultivars often were considerably more susceptible to
Cercospora leaf spot. Among the Stellar® hybrid dogwoods, the most Cercospora
leaf spot resistant cultivars were Celestial and Aurora. In contrast, late-fall
defoliation levels for Constellation at both locations, as well as Ruth Ellen and
Stellar Pink at the BARU did not signiﬁcantly differ from those recorded for
several of the ﬂowering dogwood cultivars.
In summary, the Stellar® series dogwoods Aurora, Celestial, Constellation, Ruth
Ellen, Stellar Pink demonstrated moderate resistance to immunity to common
landscape and nursery diseases of dogwood. Of these, Celestial, which suffered
little if any damage from spot anthracnose, powdery mildew, and Cercospora
leaf spot, may have the best disease resistance package. Despite their high
level of disease resistance, the Stellar® series dogwoods were not well adapted
to the hotter and other wetter climate of Southwest Alabama. The combination
of poor foliage color, slowed growth, and vulnerability to Asian ambrosia beetle
shows that establishment of these trees should be limited, particularly in full
sun settings, to the northern third of Alabama. Among the ﬂowering dogwood
cultivars, Cherokee Brave proved most resistant to powdery mildew, but was
vulnerable to spot anthracnose and Cercospora leaf spot.
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Table 1. Sensitivity of selected ﬂowering and hybrid dogwood cultivars to spot
anthracnose, powdery mildew, and Cercospora leaf spot at SMREC in 2005
and 2006.
Spot
Powdery
Anthracnose*
Mildew
17 May 5 May
8 July 7 June
Dogwood
2005
2006
2005 2006
Flowering dogwood (C.
( ﬂorida))
Rubra
4.2 ab 6.2 a
11.4 a 10.0 a
Cherokee Brave 4.0 ab 6.2 a
7.0 b 3.2 c
Cloud 9
5.4 a
5.4 a
8.4 b 5.6 b
Cherokee
3.6 b
4.0 b
10.8 a 8.3 a
Princess
Stellar hybrid dogwood (C.
( kousa x ﬂorida))
Ruth Ellen
1.4 c
2.0 c
1.8 cd 1.2 d
Stellar Pink
1.6 c 1.4 c
1.0 d 1.0 d
Celestial
1.2 c
2.0 c
2.4 cd 1.0 d
Aurora
1.2 c
1.2 c
2.6 cd 1.2 d
Constellation
2.0 c
2.0 c
3.2 c 1.0 d

Cercospora Leaf Spot
Defoliation
29 Aug 14 Sep 20 Oct
2005
2005
2005
3.0 bc
6.8 a
3.2 b
5.8 a

5.8 b
7.4 a
4.8 b
7.6 a

8.4 abc
9.0 a
7.4 bc
9.6 a

1.2 d
1.0 d
1.0 d
1.0 d
1.8 cd

2.6 d
3.0 cd
1.6 d
1.8 d
4.4 bc

4.8 de
3.8 ef
2.4 f
4.8 de
6.6 cd

*Disease ratings for spot anthracnose on the leaves.
**Means separation within columns was according to Fisher’s protected least signiﬁcant difference test
(P=0.05).

Table 2. Susceptibility of selected ﬂowering and hybrid dogwood cultivars to
spot anthracnose, powdery mildew, and Cercospora leaf spot at BARU in 2005
and 2006.
Spot
Powdery
Anthracnose*
Mildew
19 May 8 May 23 July 7 June
Dogwood
2005 2006
2005
2006
Flowering dogwood (C.
( ﬂorida))
Appalachian Spring 5.0 ab 4.5 a
6.8 c
1.2 b
Cherokee Brave
5.7 ab 4.3 ab 4.7 d
1.0 b
Cloud 9
6.6 a
4.3 ab 8.0 bc 1.1 b
Cherokee Princess 6.4 a
3.3 bc 9.1 b
2.3 b
Rubra
6.5 a
4.9 a
11.6 a 7.0 a
Stellar hybrid dogwood (C.
( kousa x ﬂorida))
Ruth Ellen
4.0 bc 1.9 d
1.0 e
1.0 b
Stellar Pink
4.1 bc 2.0 d
1.1 e
1.0 b
Celestial
2.5 c
2.1 cd 1.1 e
1.0 b
Aurora
3.6 bc 2.5 cd 1.0 e
1.0 b
Constellation
4.3 bc 2.3 cd 1.0 e
1.0 b

Cercospora Leaf Spot
Defoliation
22 Aug 10 Oct 11 Nov
2005 2005 2005
1.2 c
1.0 c
1.1 c
2.5 a
1.9 ab

7.3 b
6.8 b
7.8 b
7.3 b
9.8 a

7.3 cd
9.3 b
8.1 cd
8.3 bc
10.9 a

1.1 c
1.0 c
1.3 bc
1.3 bc
1.0 c

4.4 cd
4.9 c
2.6 e
2.9 de
4.6 c

7.1 d
7.8 cd
4.1 e
4.8 e
8.0 cd

*Disease ratings for spot anthracnose on the leaves.
**Means separation within columns was according to Fisher’s protected least signiﬁcant difference test
(P=0.05).
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Susceptibility of Daylily Cultivars
to Daylily Rust in Arkansas
Steve Vann1 and James A. Robbins2
University of Arkansas, Little Rock, AR 72203
2
Dept. of Plant Pathology and Horticulture, Little Rock, AR 72203
svann@uaex.edu
1

Index Words: disease, fungicide, Puccinia hemerocallidis Thuemen
Signiﬁcance to the Industry: Over 370 daylily cultivars were evaluated under
ﬁeld conditions in Central Arkansas for susceptibility to daylily rust in 2001 and
2002. Of those rated in both years, 21% were rated very resistant (rating = 1)
and 13% as susceptible (ratings 4 to 4.9). Only 1 cultivar was rated as very
susceptible (rating 5) in both years. Evaluation of a large number of daylily
cultivars for susceptibility to this new disease would be critical to breeders,
retailers, and consumers.
Nature of Work: A new rust disease was conﬁrmed on daylilies (Hemerocallis)
growing in Arkansas in August 2001. The documented appearance of daylily rust
in Arkansas in 2001 came as no surprise. To date, the rust has been reported
in at least 30 states and is currently conﬁned to the daylily. The disease, which
is caused by the fungus Puccinia hemerocallidis Thuemen was ﬁrst identiﬁed
in Florida in the fall of 1999. The rust is native to Asia and may have been
introduced into the U.S. from Central America.
Like other rust diseases, the best long-range method to deal with this disease is
to select and encourage the planting of resistant cultivars. Daylily cultivars differ
in their disease susceptibility. Access to an Arkansas daylily grower with a large
selection of daylily cultivars infected with daylily rust enabled us an opportunity to
rate cultivars for disease susceptibility.
Results and Discussion: Field-grown daylilies were evaluated for susceptibility
to daylily rust at a commercial grower in Central Arkansas in 2001 and 2002.
Daylily plants were ﬁeld grown in full-sun beds. Ratings in 2001 were conducted
on 4 September by 4 individuals separated into 2 teams. Ratings of one-half
a unit (e.g. 1.5) were used. 2002 ratings were made on 14 November using 6
individuals separated into two teams. Ratings in 2002 were recorded in whole
numbers (e.g. 1.5 not allowed). In both years observers were trained on the
evaluation scale. Plants that were more than 2-years-old were visually rated
using a 1-5 scale: 1=very resistant with no rust pustules; 2=moderately resistant;
3=moderately susceptible; 4=susceptible; 5=very susceptible with over 80%
foliage of the surface area covered with pustules.
This is the ﬁrst reported ﬁeld survey of a large number of daylily cultivars to the
new rust disease. Over 490 daylily cultivars were evaluated under ﬁeld conditions
in Central Arkansas for susceptibility to daylily rust in 2001 and 2002. Disease
severity ratings ranged from very resistant (1) to very susceptible (5) (Table 1).
Of those rated in both years, 80 (21%) were rated very resistant (rating = 1) and
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49 (13%) as susceptible (ratings 4 to 4.9). Only 1 cultivar (‘Splendid Touch’) was
rated as very susceptible (rating 5) in both years. Based on ratings conducted
in Arkansas cultivars with a rating of 2 or less would be recommended for
breeders or consumers. Cultivars with a rating of 4 or higher should probably be
avoided since disease severity was severe and would require frequent chemical
applications to control the disease.
Acknowledgements: The authors acknowledge the assistance of Joel Stout at
Cricket Hill Farm.
Table 1. Daylily cultivars rated with moderate daylily rust susceptibility (3 to 3.9)
in 2001 and 2002 at a ﬁeld nursery in Central Arkansas.
Cultivar
Always Afternoon
Cinderellas Blush
Coyote Moon
Elizabeth’s Magic
Fortunes Dearest
Huckleberry Candy
Lilac Morning
Premier Edition
Prize Picotee Deluxe
Rosie Pinkerton
Seminole Wind
Siloam Doodlebug
Solomons Robes
Something Wonderful
Light of Heaven
Sinbad Sailor
Awash with Color
Baby Red Eyes
Glittering Elegance
Leonard Bernstein
Mississippi Morning
Polynesian Love Song
Purple Arachne
Terza Jane
Velvet Beads
What Wonderous Love
Seal of Approval
Crepe Eyed Rufﬂes
Etched Eyes
198

Aver. Rust
Ratingx

Foliage
TypeY

Chromose
No.Z

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3.1
3.15
3.25
3.25
3.25
3.25
3.25
3.25
3.25
3.25
3.25
3.25
3.35
3.5
3.5

S
S
E
S
E
D
S
S
D
S
S
D
E
S
D
E
E
D
E
E
S
D
E
D
D
S
E
E

Tet
Dip
Tet
Tet
Tet
Tet
Tet
Dip
Tet
Dip
Tet
Dip
Dip
Tet
Tet
Tet
Dip
Tet
Tet
Dip
Tet
Tet
Dip
Tet
Dip
Dip
Dip
Tet
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Lavender Silver Cords
Omega Supreme
Orchid Candy
Passion District
Phaedra
Reckless
Respighi
Royal Heiress
Solar Music
Violet Explosion
White Wow
Windward Passage
Absolute Treasure
Annalesia
Creative Edge
Magniﬁcent Rainbow
Patience Plus
Pink Fanfare
Romantic Dreams
Rosa Grande
Siloam New Toy

3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.5
3.75
3.75
3.75
3.75
3.75
3.75
3.75
3.75
3.75

S
S
D
E
D
D
E
E
D
D
D
S
E
E
S
D
D
D
S
S
D

Tet
Tet
Tet
Tet
Tet
Tet
Tet
Tet
Tet
Dip
Dip
Tet
Tet
Tet
Tet
Tet
Dip
Tet
Tet
Tet
Dip

Average of ratings from 2001 and 2002.

X

Leaf type: E=evergeen; D=deciduous; S=semi-evergreen.

Y

Chromosome number: Dip=diploid; Tet=tetraploid.

Z
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Table 2. Daylily cultivars rated as susceptible (4 to 4.9) or very susceptible (5) to
daylily rust in 2001 and 2002 at a ﬁeld nursery in Central Arkansas.

Cultivar
David Kirchhoff
Hello Sunshine
Promise Keeper
Silken Touch
Siloam Lesia Mowery
Yes Indeed
Creole Blush
Pardon Me Boy
Siloam Holland’s Choice
Big Blue
Dena Marie
Siloam Ralph Henry

Aver. Rust
Ratingx
4
4
4
4
4
4
4.25
4.25
4.25
4.5
4.5
4.75

Foliage
TypeY
S
D
D
D
D
D
E
D
D
D
D
D

Chromose
No.Z
Tet
Tet
Tet
Tet
Dip
Tet
Dip
Tet
Dip
Tet
Dip
Dip

5

E

Tet

Splendid Touch
Average of ratings from 2001 and 2002.

X

Leaf type: E=evergeen; D=deciduous; S=semi-evergreen.

Y

Chromosome number: Dip=diploid; Tet=tetraploid.

Z
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Efﬁcacy of Organic Bio-Fungicides on
Cercospora and Corynespora Leaf Spot
on Container-grown Hydrangea
Alejandro Bolques1, M. Timur Momol2, Gary Knox2,
Laura Ritchie2, James H. Aldrich2 and Hank Dankers2
1
Florida A&M University/CESTA, Gadsden County Extension,
2140 W. Jefferson St., Quincy, FL 32351
2
University of Florida/IFAS, NFREC, 155 Research Road, Quincy, FL 32351
Index Words: hydrangea leaf spot, container production, organic
Signiﬁcance to Industry: Control of Cercospora and Corynespora leaf spot of
hydrangea by the organic products, Global Earth Tek™ (GET) # O508 and Smart
Tea TS # O508, was not signiﬁcantly different from control by the conventional
pesticide, Bravo Weather Stik during the ﬁrst 30 days of the evaluation period.
However, only Bravo Weather Stik signiﬁcantly reduced disease severity
compared to the untreated control, and this level of control lasted only through
six weeks.
Nature of Work: The use of organic products in plant production can provide
environmental beneﬁts that may not be attained by conventional production
methods. Consumers may perceive organic production as an environmentally
friendly option that is in contrast with the environmental pollution mentality
that is associated with conventional farming practices. The ability to grow
ornamental crops organically for specialty markets has the potential of creating
a new consumer choice niche for the industry. Media amendments and fertilizer
components for organic container plant production of geraniums have been
investigated by Duke, et al. (2, 3) that was comparable to conventionally
produced geraniums. As consumers become more educated about organic plant
production and landscape alternatives, one can expect that the market share
for organic production in the green industry to continue to increase (1, 4, 5). In
this study an organic fungicide alternative was evaluated to control two leaf spot
disease organisms of hydrangea.
Two hundred plants of Hydrangea macrophylla ‘Nikko Blue’ were evaluated for
fungal leaf spot diseases under conventional shadehouse production in Quincy,
Florida. Naturally occurring fungal pathogens were the source of infections.
Prior to the experiment, the plants were potted, at a local nursery, in 1-gallon
containers using the nursery’s standard “azalea” substrate media containing
11 lb/yd3 of a 12-month 18-5-13 fertilizer. Biweekly foliar applications of Heritage,
Daconil, and Chipco 26019 were made at the nursery. On August 3 the plants
were transferred to the University of Florida/IFAS North Florida Research and
Education Center (Quincy) and re-potted into 3-gallon containers using an
80:10:10 (pine bark:peat:sand) substrate media containing 10 lb/yd3 of Graco
13-6-6 fertilizer with sludge. Plants were placed on a 30% shade production
bed and irrigated with 1cm of water twice a day by overhead sprinklers for the
duration of the study. On August 29 the plants were top dressed with a 3 to
4 month formulation of Osmocote 15-9-12.
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The evaluation consisted of ﬁve treatments replicated 4 times containing
10 plants per replication in a complete randomized design. Treatments
consisted of Bravo Weather Stik, Smart World Organics Global Earth Tek™
(GET) # O508, Smart World Organics Smart Tea TS # O508, (GET) # O508
plus Bravo Weather Stik and untreated control (Table 1). Treatments of (GET)
# O508, Smart Tea TS # O508, and (GET) # O508 plus Bravo Weather Stik
received an initial 250 mL drench of product followed by weekly foliar and
drench applications as per manufacturer recommendations. The initial drench
materials were poured over the substrate media around the base of the plant,
treatment applications begun on August 26 and ended on October 31. A
2-gallon pump-style, single nozzle sprayer was used for foliar application of
materials, whereby leaves were thoroughly wet to runoff. Plants were assessed
for disease severity based on percent infected leaf area showing symptoms on
September 15 and 28, October 17 and 27, and November 9 (Table 1). Initial
height and width measurements were taken on August 11 and ﬁnal height and
width measurements on November 7. Substrate media analysis parameters were
conducted to determine nitrate nitrogen, phosphorus, potassium, calcium, and
magnesium content. Five plants were randomly chosen from each treatment for
initial substrate media analysis and one pooled sample per treatment replication
containing a combination of substrate from each plant per replication was taken
between November 10 and 17.
Results and Discussion: Ten weeks after application on November 9, no
signiﬁcant differences were observed among the treatments and the untreated
control (Table 1). Initial plant leaf spot disease assessment on September 15
showed that Bravo Weather Stik had a lower percentage of disease severity
spot compared to the untreated control. Leaf spot assessment two weeks later
on September 29 indicated that Bravo Weather Stik and GET # O508 plus
Bravo provided the best control. On October 17 and 27, the Bravo Weather Stik
treatment resulted in signiﬁcantly less disease severity as compared to Smart
Tea TS # O508, although it was not signiﬁcantly different from the untreated
control or other treatments. Percent leaf spot severity began to rise after the third
assessment period culminating with no signiﬁcant differences by November, 9.
Plant growth during the evaluation period was determined by comparing
height and width growth index at the beginning and end of the study. While
Bravo Weather Stik had the greatest total growth (23.7 cm) when compared
to the control (20.9 cm), no signiﬁcant differences were observed amongst the
treatments (data not shown).
Substrate media analysis for nitrate nitrogen, phosphorus, potassium, calcium,
and magnesium (mg/L) and pH and electrical conductivity at the end of the
evaluation period were comparable. Average nitrate nitrogen in ﬁnal media
analysis was lower within the treatments, 29.1±1.0 compared to 37.1 in the
untreated control (data not shown).
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Table 1. Percent of Cercospora and Corynespora fungal leaf spot disease
severity by treatment on Hydrangea macrophylla ‘Nikko Blue’a.

Treatment
UTCb
Bravo Weather Stikc
GET # O508d
Smart Tea TS # O508e
GET # O508 + Bravof

Sep. 15
17.4a
13.8b
16.4ab
15.3ab
16.1ab

Percent Disease Severity, Fall 2005
Sep. 29
Oct. 17
Oct. 27
17.4a
16.4a
19.3ab
13.8b
13.4b
16.0b
16.1ab
17.3a
17.9ab
15.3ab
17.9a
19.8a
14.3b
15.1ab
17.1ab

Nov. 9
20.5a
20.6a
21.8a
23.0a
19.6a

a

Means with the same letter are not signiﬁcantly different (P=0.05) by Duncan’s multiple range
test (SAS).

b

Untreated control.

c

Bravo Weather Stik (1.375pt/100gal), weekly foliar application.

d

GET # O508 initial drench (8%); weekly foliar application (7oz/gal) + weekly drench (0.25%).

e

Smart Tea TS # O508 initial drench (2%); weekly foliar application (1.5oz/gal) + weekly drench (0.25%).

GET # O508 initial drench (8%); weekly foliar application (7oz/gal) + weekly drench (0.25%) + Bravo
Weather Stik (1.375pt/100gal) foliar application every 14 days.

f
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USDA ARS / TAES Cooperative Agreement:
Ornamental Genomics and Pathology
M. Windham1, R. Trigiano1, J. Spiers2 and C. Jones1
University of Tennessee, Knoxville, TN 37996-4560
2
Thad Cochran Southern Horticultural Laboratory, Poplarville, MS 39470
1

Signiﬁcance to Industry: USDA ARS / TAES Cooperative Agreement
58-6404-2-0057 has strengthen ties between federal and land-grant
researchers on nursery production problems important to southeastern and
midsouth growers.
Nature of Work: In 2003, the Mid South Area of USDA Agricultural Research
Service and the Tennessee Agricultural Experiment Station entered into a formal
agreement (58-6404-2-0057) to establish cooperative ties between scientists in
Poplarville, MS, McMinnville, TN and Knoxville, TN. The foci of this cooperative
are the development of new nurseries crops for the mid south (Alabama,
Arkansas, Kentucky, Louisiana, Mississippi and Tennessee) and ﬁnding solutions
to nursery production problems.
African Violets: Federal and state scientists are investigating the epidemiology
and developing new control strategies for Corynespora leaf spot. This disease
affects all stages of production and causes economic losses at large African
violet production facilities.
Azaleas: Cold hardiness in Encore Azalea® cultivars is being studied to determine
if the range these plants that are poplar in the deep south can be extended into
the northern areas of the deep south.
Bent Grass: Scientists have teamed to investigate fungicide resistance of
Sclerotinia homoeocarpa (dollar spot) on bent grass greens. Emphasis is placed
on development of techniques to rapidly identify fungicide resistance and to what
class of fungicides is affected.
Crepe Myrtles: Cold hardiness and powdery mildew resistance in seedlings
originated from desired crosses or from irradiated seed are being studied to
develop superior genotypes for the northern areas of the mid south.
Dogwood: Mechanisms for resistance to powdery mildew and dogwood
anthracnose are being investigated by state and federal scientists. Identiﬁcation
of genes responsible for powdery mildew resistance is a high priority of the team
of horticulturists, geneticists, pathologists and molecular biologists. Dogwood
borer ecology, as well as studies with other clearwing borers, is being studied to
understand genetic relationships between clearwing borer genera.
Hydrangea: Hydrangea cultivars are being screened for resistance to
foliar diseases. Mechanisms used by plants to resist powdery mildew are
being investigated.
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Rose: Resistance to black sot and Cercospora leaf spot in hybrid tea, shrub,
miniature and antique roses is being investigated to generate lists of “no spray”
roses for the mid south. Mechanisms that enable plants to resist these diseases
are being identiﬁed.
Results and Discussion: Formation of the multidisciplinary team of federal
and state scientists allows for progress to be made on many fronts important
to nurseries in the mid south much quicker than if scientists were working
as individuals. Cooperative arrangements have led to greater access
to federal scientists by postdoctoral associates and students (graduate
and undergraduate).
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Resistance to Foliar Diseases in Rosa sp.
J. Mynes1, W. Copes2, J. Spiers2, N. Edwards2, R.N. Trigiano1,
A. Windham1 and M. Windham1
1
University of Tennessee, Knoxville, TN 37996-4560
2
Thad Cochran Southern Horticultural Laboratory, Poplarville, MS 39470
Index Words: Diplocarpon rosae, Rosa sp., foliar resistance
Signiﬁcance to Industry: Roses are affected by many foliar diseases.
Evaluating for resistance to those diseases helps growers and consumers
choose better plants. Rose cultivars Rosa roxburghii and Mrs. B R. Cant were
resistant to black spot and Cercospora leaf spot.
Nature of Work: Roses are one of the most popular plants grown in the
southeastern United States. Though prone to many foliar diseases, the rose
remains one of the most favored ﬂowers in many home gardens. Black spot
(Diplocarpon rosae) is a common foliar disease that causes black lesions and
chlorosis and plant death in severe cases. Other common foliar diseases of
roses in the southeast are Cercospora leaf spot and powdery mildew. Although
black spot is known for being the most common and damaging disease of roses
in the southeast, Cercospora leaf spot can also cause extensive leaf spotting
and premature leaf drop on many cultivars of rose. Powdery mildew can also
be a signiﬁcant disease in hot, humid areas. This research reports on the
relative resistance, or lack thereof, in many popular bush and shrub roses to
foliar diseases.
Fifty cultivars were planted in full sun in a sandy loam soil and irrigated with drip
irrigation as needed in Wiggins MS. The plants were mulched four inches of pine
bark mulch and fertilized monthly throughout the summer. Plants were rated
the ﬁrst week of every month starting the spring and progressing until fall using
the following scale: 0 = healthy, 1 = <2% diseased foliage, 2 = <10% diseased
foliage, 3 = <25% diseased foliage, 4 = <50% diseased foliage, 5 = >50%
diseased foliage, and 6 = 100% diseased foliage.
Results and Discussion: In 2004, four cultivars showed high (<2) foliar
resistance to black spot (Caldwell Pink, Carefree Beauty, Carefree Sunshine,
and R .roxburghii). Only R. roxburghii, or Chestnut Rose, did not have
high susceptibility to Cercospora spp. Conversely, roses highly resistant to
Cercospora were extremely susceptible to black spot: Chrysler Imperial,
Marchessa Boccella, Martha Gonzales, Pink Grootendorst, Prosperity, and
Zephrine Drouhim (Table 1). Powdery mildew was observed sparely on few
replications of a small number of cultivars and data is not presented.
In 2005, nearly all of the roses rated well (<3) in their resistance to black spot.
This is due to high levels of defoliation that was partly due to inclement weather
(tropical storm Cindy). The levels of Cercospora resistance are much the same
as 2004 due most likely to its less virulent nature.
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Eight cultivars were much better than the others in their resistance to both
pathogens across both years: Archduke Charles, Duchesse de Brabant,
Eutin, Louis Philippe, Mrs. B.R. Cant, Mrs. Dudley Cross, and Chestnut Rose.
Among those eight, Chestnut Rose stands out with very highly black spot
resistant foliage. While many of the cultivars had resistance to either black
spot or Cercospora only Chestnut Rose and to a lesser degree Mrs. B. R. Cant
performed well.
Roses highly resistant to Cercospora in both years (<1) are often extremely
susceptible to black spot (Belinda’s Dream, Marchessa Boccella, Marie Pavie,
Martha Gonzales, Mary Rose, and Pink Grootendorst). To determine whether
this is true resistance to the pathogen or that Blackspot is more virulent more
research is needed to elucidate.
Table 1.

Abraham Darby
Archduke Charles
Basye’s Blueberry
Belinda’s Dream
Belinda
Blush Noiselle
Caldwell Pink
Carefree Beauty
Carefree Delight
Carefree Sunshine
Carefree Wonder
Cecile Brunner
Chrysler Imperial
Cramoisi Superieur
Ducher
Duchesse de Brabant
Eutin
Felicia
Graham Thomas
Heritage
Hermosa
Katy Road Pink
La Marne
Louis Philippe
Maggie
Marchessa Boccella

2004
Blackspot Cercospora
5.0
0.5
3.7
0.5
4.4
0.9
4.6
0.9
3.5
4.5
4.8
3.3
1.3
4.4
1.7
4.4
2.3
5.0
1.8
4.3
5.0
0.8
5.0
1.6
4.6
0.1
4.4
1.0
4.8
1.4
3.5
2.6
3.8
2.1
4.1
2.0
5.0
0.8
4.9
0.9
4.8
0.8
3.0
4.8
4.9
2.4
3.8
1.6
4.6
1.3
5.0
0.0
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2005
Blackspot Cercospora
2.0
3.0
1.3
1.3
1.3
1.3
2.0
0.5
0.5
5.0
0.5
4.5
0.5
4.0
0.8
4.8
0.8
5.5
0.5
4.5
1.5
3.0
3.5
3.0
3.0
1.3
1.5
2.0
2.0
2.8
1.5
2.5
3.3
3.0
2.3
2.8
4.0
3.3
3.0
1.8
0.5
2.4
0.3
4.8
2.8
3.0
2.5
1.3
0.5
2.3
4.0
0.7
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Marie Pavie
Marie van Houtte
Martha Gonzales
Mary Rose
Mrs. B. R. Cant
Mrs. Dudley Cross
Mrs. R. M. Finch
Mutabilis
Nozomi
Old Blush
Penelope
Perle d’Or
Pink Grootendorst
Pinkie, Climbing
Rosa roxburghii
Prosperity
Queen Elizabeth
Safrano
Sombreuil
Souvenir de la
Maimaiso
Spice
The Fairy
Zephrine Drouhim
Mr. Lincoln

4.4
4.6
4.9
5.0
2.9
3.6
4.9
5.0
4.0
4.6
4.5
4.6
5.0
4.9
0.0
4.9
4.8
4.8
4.9

0.6
1.8
0.0
0.4
2.6
1.8
0.6
1.3
2.4
1.1
2.1
0.8
0.0
2.1
2.9
0.0
0.8
0.8
0.3

4.5
1.5
1.5
3.8
0.8
0.5
2.0
2.3
0.8
1.3
0.3
2.0
4.5
2.8
0.3
2.3
2.5
2.3
3.5

0.8
1.8
1.0
1.0
1.8
4.0
1.3
2.8
4.3
2.3
4.0
2.3
0.0
3.8
1.5
1.8
1.8
2.8
2.0

4.1
4.0
3.0
4.8
4.3

0.5
1.9
4.1
0.1
0.8

1.3
2.3
1.5
1.0
3.8

2.0
2.8
5.0
3.0
1.3

Standard Deviation

1.1

1.4

1.2

1.3

208

Pathlogy and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 51 - 2006

Analysis of Genetic Diversity Between Fungicide
Resistant Sclerotinia homoeocarpa Isolates Using
AFLP and Vegetative Compatibility
Renae E. DeVries1, Robert N. Trigiano1, Mark T. Windham1, John Sorochan2,
Alan S. Windham1 and Timothy A. Rinehart3
1
University of Tennessee, Entomology and
Plant Pathology Dept., Knoxville, TN 37996-4560
2
University of Tennessee, Plant Science Dept., Knoxville, TN 37996-4560
3
United States Department of Agriculture, Agricultural Research Service,
Southern Horticultural Laboratory, Poplarville, MS 39470
rtrigian@utk.edu
Index Words: Dollar spot, Sclerotinia homoeocarpa, AFLP, vegetative
compatibility
Signiﬁcance to Industry: Several reports of fungicide resistant isolates of the
dollar spot fungus have been discovered on southern golf courses. If molecular
markers could be correlated with a certain type of resistance, educated decisions
could be made as to what fungicide to use against a particular isolate by testing
for the diagnostic allele. By not using a “trial and error” type fungicide system,
money could be saved by using the appropriate fungicide the ﬁrst time.
Nature of Work: Sclerotinia homoeocarpa F.T. Bennett is the causal agent of
dollar spot disease that infects turfgrasses of golf courses in Tennessee as well
as around the world. Dollar spot taints the uniformity and aesthetic value of
putting greens, therefore causing a serious problem on golf courses (2). High
dependency on fungicides as a form of control has resulted in the selection of
resistant isolates. Fungicide resistant S. homoeocarpa isolates were detected by
Baird (1) in Tennessee and northern Mississippi.
The objective of this study was to delineate the genetic diversity between
Tennessee and northern Mississippi isolates by ampliﬁed fragment length
polymorphism (AFLP) and vegetative compatibility. Associations between
fungicide resistance and arbitrary molecular markers could provide the basis
for a program to give much needed advice to golf course managers as to
which fungicide would be most effective against their particular isolate(s) and
conversely which fungicides would be ineffective. Implementation of such a
program would be invaluable ﬁnancially and environmentally if fungicide use
could be reduced.
Fifty S. homoeocarpa isolates varying in resistance and susceptibility were
selected from the original 90 provided by Pam Baird, University of Tennessee.
Four isolates were received by Baird from Michigan State University (courtesy
of J. Vargas) with known resistance to certain fungicides were also included. An
additional six vegetative compatibility tester strains were received for this study
from Michigan State University (courtesy of J. Vargas), which were discovered
in a previous study (6). Isolates were paired 1.5 cm apart on PDA dishes.
Presence of an obvious dark barrage zone between PDA plugs was scored as
incompatible; conﬂuent hyphal growth was scored as compatible (5).
Pathlogy and Nematology Section
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A modiﬁed AFLP (8) protocol was used that was developed by Habera et al. (4).
AFLP fragments were detected using the Beckman Coulter CEQ™ 8000 Genetic
Analysis System. The binary data was analyzed by NTSYS version 2.20b (3) to
calculate the similarity indices and perform cluster analysis using Unweighted
Pair Group Method with Arithmetic Mean (UPGMA) method. In addition, pairwise
absolute distances were determined using PAUP (7) and bootstrap values by
WinBoot (9).
Results and Discussion: Generally, isolates were compatible within location
and incompatible between locations. Few isolates were delineated into vegetative
compatibility groups (VCG), and fungicide resistance could not be associated
with a particular vegetative compatibility group. Compatibility of isolates within a
location could be due to founder effects. One isolate of S. homoeocarpa could
have been separated from a larger population and all isolates within the location
were perhaps derived from the original progenitor. Fungicide resistance could not
be associated with any particular vegetative compatibility group.
Similarity indices and pairwise differences calculated indicate large amounts
of homology between isolates (0.86-1.00 and 0-14, respectively). Grouping of
isolates with similar fungicide resistance was not revealed by cluster analysis,
although grouping of isolates from the same VCG and location occurred.
Unfortunately, clusters were not supported by sufﬁcient bootstrap values (greater
than 50). Clustering of members of the same VCG suggests that AFLP primers
could be amplifying regions of DNA associated with genes for vegetative
compatibility. Clustering of isolates from the same location could be due to
founder effects. Arbitrarily primed PCR techniques, such as AFLP, do not give
information about what region of genomic DNA was ampliﬁed, thus more work
will need to be done to determine the origin of these polymorphisms.
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PCR-based Identiﬁcation of Pseudocercospora
Species from a Leaf Spot Disease
in Japanese Tree Lilac
Ainong Shi and Margaret Mmbaga
Tennessee State University, Otis L. Floyd Nursery
Research Center, McMinnville, TN 37110
Index Words: Syringa reticulata, lilac leaf spot, ITS, PCR.
Signiﬁcant to Industry: Previous evaluation of lilac germplasm at Tennessee
State University, Nursery Research Center, McMinnville TN showed that
Japanese tree lilac was relatively free of foliage diseases compared to other
lilac species. However, in 2004 and 2005 a leaf spot disease was observed on
Japanese tree lilac (Fig.1). The acervuli and pseudospores isolated from the
leaf spot showed morphological similarity to Cercospora, Mycosphaerella or
Pseudocercospora species (Fig. 2). Reports on a similar leafspot disease on
Japanese tree lilac [Syringa reticulata ssp. reticulata (Blume) Hara] in Iowa,
Minnesota and Idaho, identiﬁed Cercospora species as the causal pathogen (1).
The objective of this research was to identify the pathogen that caused leaf spot
on Japanese lilac tree in McMinnville, Tennessee
Nature of Work: Leaf spot samples were collected from Japanese lilac tree
[Syringa reticulata ssp. reticulata (Blume) Hara] naturally infected by an
unknown pathogen in 2004 and 2005 at Tennessee State University, Nursery
Research Center, McMinnville, TN. Microscopic observation of the leafspot
reveled the presence of a fungus producing acervuli and pseudospores that
morphologically resembled Cercospora, Mycosphaerella and Pseudocercospora
species (Fig. 2). Genomic DNA was extracted directly from leaf spot disease
tissue using the DNeasy Plant Mini Kit (Qiagen Inc, Valencia, CA) following
the manufacturer’s recommendations. PCR ampliﬁcation was performed in a
Touchgene Thermal Cycler (Barloworld Scientiﬁc Ltd, United Kingdom). Each
50 µl PCR reaction mixture consisted of 36 µl sterile ddH2O, 5 µl 10X PCR
buffer, 3 µl MgCl2 (25 mM), 1.5 µl dNTP (10 mM total, 2.5 mM each), 1.5 µl
each primer (20 ng/µl), 0.2 µl Taq polymerase (Promega) (5 U/µl), and 1.3 µl
template DNA (20 ng/µl). PCR cycles consisted of an initial denaturation step
at 94 C for 5 min followed by 38 cycles 1 min at 93 C (denaturation), 1 min at
46 C (annealing), 2 min at 72 C (extension). An extension cycle at 72 C for 5 min
was followed by a 4 C soak. The PCR products were visualized using 1.0-1.5 %
agarose gel in 1X TBE, stained with ethidium bromide. The universal primers,
ITS1 (TCCGTAGGTGAACCTGCGG), ITS4 (TCCTCCGCTTATTGATATGC),
and ITS1-F: (CTTGGTCATTTAGAGGAAGTAA) were used to amplify the ITS
region in the fungus by the using standard PCR procedure described above.
The PCR products ampliﬁed from the primer pair ITS1-F/ITS4 were sequenced
(Davis Sequencing Inc. at Davis, CA) and compared with all sequences of ITS
regions in GenBank using Blast analysis. A phylogenetic tree was constructed
using neighbor-joining (NJ) by ClustalX, and the sequence compared with other
accessions in the GenBank and viewed by TreeView .
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Results and Discussion: PCR product using primer pair ITS1-F and ITS4
produced a fragment of 581 bp (Fig. 3). The sequence of the PCR product
ampliﬁed from ITS1-F/ITS4 had a 99.7% match to Pseudocercospora
bairamifera (GenBank accession AF309595 and AF222837); a 99% match to
Pseudocercospora paraguayensis (AF309596 and AF222845); a 99% match
to Mycosphaerella sp. (GenBank accession AY752154 and AY752153); a
96% match to Cercospora kalmiae (GenBank accession AF297226; a 97%
match to Mycosphaerella cruenta (GenBank accession AY266153) and a 94%
to 96% match to other related species, Pseudocercospora eucalyptorum,
Pseudocercospora natalensis, Pseudocercospora eriodendri, Mycosphaerella
fori, Pseudocercospora syzygiicola, and Mycosphaerella musicola in GenBank
by Blastn search. Phylogenetic analysis using neighbor-joining (NJ) by ClustalX
for ITS region, viewed by TreeView showed that the fungus from lilac leaf spot
disease was closest to Pseudocercospora bairamifera as (Fig. 4) compared to
other 16 ITS region sequences which showed the most similarity. These results
indicated Pseudocercospora bairamifera or one Pseudocercospora species was
one of the pathogen of leaf spot on Japanese tree lilac. Dombroski and Gleason
(2005) reported a Cercospora sp. was the pathogen causing leaf spot on
Japanese tree lilac. Whether the Pseudocercospora is the main pathogen of this
disease needs further research.
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Figure 1. Symptoms of lilac leaf spot.
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Figure 2. Acervuli and pseudospores of Psedocercospora sp. of lilac leaf spot.

Figure 3. Two PCR bands with the same size of 581 bp ampliﬁed from the primer
pair ITS1-F/ITS4 in two DNA samples from lilac leaf spot disease (Lane 1 & 2).
Lane M is a 100 bp molecular-weight marker.
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Figure 4. Neighbor-joining tree based on ClustalX alignment among 17 ITS
region sequences covering three genera. The Lilac-Leaf-Spot is from our data
and other 16 species from GenBank which showed the closest similarity by
Blast search.
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Bacterial Agents for Biocontrol of
Powdery Mildew in Dogwood
F. A. Mrema and M. T. Mmbaga
Tennessee State University, Otis L. Floyd Nursery
Research Center, McMinnville, TN 37110
mmmbaga@tnstate.edu
Index Words: Erysiphe (Sect. Microsphaera) pulchra, biocontrol, bacteria,
Cornus ﬂorida, biopesticides.
Signiﬁcance to Industry: Bacteria isolated from leaves of ﬂowering dogwood
growing in the wild have previously shown potential in biological control of
powdery mildew in dogwood. The objective of this study was to further evaluate
the selected bacteria and assess their potential as biological agents for
controlling powdery mildew either alone or as a component of integrated disease
management system.
Nature of Work: Powdery mildew is one of the most important diseases
affecting dogwood production in south eastern USA. The common method for
controlling powdery mildew is with routine fungicide applications and that has
raised concerns over fungicide resistance and environmental effect (Mmbaga
and Sheng 2002). Previous studies have shown that fungi, bacteria and yeast
isolated from dogwood foliage may play a signiﬁcant role in keeping foliage
disease at insigniﬁcant levels and could be used in disease management
(Mmbaga and Mrema, 2004, Kiss, 2003, Elad, 2000, Elad et al., 1996). Recent
studies have shown that bacteria in the genera Bacillus, Agrobacterium,
Pseudomonas and Streptomyces species were effective in controlling plant
diseases (McSpadden Garderner and Fravel, 2002).However, reports on bacteria
effective in reducing powdery mildew development on ﬂowering dogwoods have
not been well studied. This article will report the effect of bacteria isolates on
powdery mildew (E. pulchra) disease development on ﬂowering dogwood.
Fifteen isolates of bacteria from dogwood foliage were rejuvenated from pure
cultures stored in -80ºC in 15% aqueous glycerol and grown in nutrient broth
containing (meat extract 1.0g; yeast extract 1.0g; peptone 5.0g; and sodium
chloride 5.0g) per liter. After 24 hours of growth, the cells were centrifuged,
washed twice in sterile water, and re-suspended in sterile water containing
0.01% Tween 20.The bacterial suspension was adjusted to the concentration
of 5.0 x 109 colony forming units (CFU)/ ml and used to inoculate dogwood
seedlings for powdery mildew biological control. Disease free seedlings of
ﬂowering dogwood were spray inoculated with different bacterial isolates and
some plants were sprayed with fungicide thiophanate methyl (Cleary’s 3336 F®)
or sterile water as positive and negative controls, respectively. Plants were
arranged in a randomized complete block experimental design with a replication
of six individual plants per treatment. The inoculated plants were allowed to
air dry for 1 – 2 hours before they were incubated at 100% relative humidity
(RH) for 24 hours. At 3 days after incubation period, all plants were inoculated
with powdery mildew conidiospores using spore-tower inoculation technique.
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Plants were maintained in greenhouse environment at 24 ± 2°C and monitored
for disease development. Continuous source of powdery mildew inoculum was
provided from previously infected plants that were scattered randomly within
experimental area (Mmbaga and Sheng, 2002).
Disease severity was evaluated weekly using a rating scale of 1-5 where,
1 = 1-10%, 2 = 11-25%, 3 = 26-50%, 4 = 51-75% and 5 = 75-100% coverage
of foliar powdery mildew symptoms. Application of bacterial isolates, fungicide
and sterile water treatments was repeated every 7 days and disease evaluation
was terminated when the negative control had 100% infection on all plants.
The bacterial isolates that were unable to reduce the powdery development on
dogwood seedling were eliminated from the study and isolates that were effective
in controlling powdery mildew were evaluated twice. Data was analyzed using
analysis of variance (ANOVA) performed using SYSTAT 11.0 software. Paired
t-test was performed to compare the mean disease severity between treatments
with bacterial isolates and the fungicide and water controls.
Results and Discussion: Biological control agents can be deﬁned as natural
enemies, antagonistic or competitors and other self-replicating biotic entities
used to control plant diseases (FAO, 2002). In this study, 44% of all bacterial
isolates from dogwood leaves were not effective in reducing powdery mildew
disease on dogwood and excluded in this report. The effect of bacterial isolates
on powdery mildew disease severity on dogwood seedlings is presented in
Fig. (1A–D). Although none of the bacterial isolates had same efﬁcacy as
conventional fungicide, three of bacteria reduced the disease development
closely similar to the fungicide. Two isolates of unidentiﬁed bacteria showed high
potential in controlling powdery mildew and reduced disease severity to 23.3%
and 27.7% as compared to 84% from the water treated control and 19.5% from
fungicide treatment. The bacterium Curtobacterium sp. reduced disease severity
to 29.1%; Arthrobacterium sp. (44.0%); Bradyrhizobium sp. (30.5%) and Bacillus
sp. (33.3%). None of the treatments (fungicide or bacterial) totally stopped the
disease development and by day 42 the water inoculated treatment approached
disease severity of 75-100%. The weekly application of bacterial agents was
similar to what has been reported on other crop systems to maintain a high
population of the bacteria on the leaf surface (Lindow et. al., 2002). Additional
studies are in progress to improve the efﬁcacy of the biological agents and
increase the interval of application.
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Figure 1(A-D): Efﬁcacy of most effective bacterial isolated on powdery mildew
disease severity on dogwood seedlings as compared to conventional fungicide
(-n-) and non-treated control (-®-); A) Bacterial biocontrol agents that reduced
disease severity compared to non-treated control; B-D) Isolates that showed
highest potential, B) B017- Unidentiﬁed bacterial isolate (-∆-); C) B08-Bacillus
spp (-▲-); and D) B103-Bradyrhizobium spp.(-O-)
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Identiﬁcation of a Powdery Mildew Pathogen in Maple
Ainong Shi and Margaret Mmbaga
Tennessee State University,
Nursery Research Center, McMinnville, TN 37110
Index Words: Maple, Powdery Mildew, PCR
Signiﬁcance to Industry: Several fungi: Sawadaea bicornis (Uncinula bicornis),
Sawadaea polyﬁda, Sawadaea tulasnei, Erysiphe (Uncinula) circinata, and
Phyllactinia guttata have been associated with powdery mildew in maple (1-4).
Powdery mildew was observed on naturally infected maple leaves in greenhouse
environment in McMinnville. The objective of this research was to identify the
causal pathogen and develop species-speciﬁc primers for easy detection of
this pathogen.
Nature of Work: Powdery mildew samples were collected from maple leaves
naturally infected with powdery mildew in McMinnville, Tennessee. Mycelia,
conidiospores and ascocarps were observed under a microscope at x100 and
x400 magniﬁcation. Genomic DNA was extracted from mycelia and conidia using
the DNeasy Plant Mini Kit (Qiagen Inc, Valencia, CA) following manufacturer
protocols. PCR ampliﬁcation was performed in a Touchgene Thermal Cycler
(Barloworld Scientiﬁc Ltd, United Kingdom). Each 50 µl PCR reaction mixture
consisted of 36 µl sterile ddH2O, 5 µl 10X PCR buffer, 3 µl MgCl2 (25 mM),
1.5 µl dNTP (10 mM total, 2.5 mM each), 1.5 µl each primer (20 ng/µl), 0.2 µl Taq
polymerase (Promega) (5 U/µl), and 1.3 µl template DNA (20 ng/µl). PCR cycles
consisted of an initial denaturation step at 94 C for 5 min followed by 40 cycles
of 1 min at 93 C (denaturation), 1 min at 40 to 60 C (annealing), 2 min at 72 C
(extension). The annealing temperature was set depending on the primer Tm,
typically ﬁve-degree less than the lower primer Tm (Tm – 5). An extension cycle
at 72 C for 5 min was followed by a 4 C soak. The PCR products were visualized
using 1.0-1.5 % agarose gel in 1X TBE, stained with ethidium bromide.
The ITS universal primers, ITS1-F (cttggtcatttagaggaagtaa) and ITS4
(tcctccgcttattgatatgc) and the general powdery mildew ITS primers, PMITS1
(tcggactggcccagggaga) and PMITS2 (tcactcgccgttactgaggt) (2) were used to
amplify the ITS region of maple powdery mildew fungus following standard PCR
protocols. The PCR product ampliﬁed from this primer pair was sequenced
(Davis Sequencing Inc. at Davis, CA) and compared with all sequences of ITS
regions in GenBank using Blast analysis. A phylogenetic tree was constructed
using neighbor-joining (NJ) by ClustalX, viewed by TreeView and the sequence
of our samples DNA was compared to the sequences of 35 other powdery
mildew fungi covering nine genera of powdery mildew fungi (Erysiphales)
published in the GenBank.
The ITS sequence of our samples was used to design three species-speciﬁc
primers, m-pm-f1 (ggtctgag tcgccatgaatc), m-pm-r1 (ccctgtcgcgagaagaagta) and
m-pm-r2 (cagcagcaccgccactgaat) using software Primer 3 (http://frodo.wi.mit.
edu/cgi-bin/primer3/primer3_www.cgi). The primers were checked for speciﬁcity
by using Blast analysis and information in the GenBank on powdery mildew
Pathlogy and Nematology Section

219

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
fungi. The speciﬁcity of primer pairs m-pm-f1/m-pm-r1 and m-pm-f1/m-pm-r2
was evaluated on our samples and four other powdery mildew fungi that were
available in our local area: Erysiphe australiana of crape myrtle, E. pulchra of
dogwood, E. syringae-japonicae of lilac, and P. guttata of oak powdery mildew.
Results and Discussion: Ascocarps from maple powdery mildew are shown in
Fig. 1. All appendages were apically uncinate-circinate and not branched. The
ascocarps were morphologically similar to the Uncinula and different from those
of Sawadaea, which have dichotomous to trichotomous branching (1).
PCR analysis using universal primers ITS1-F/ITS4 produced a band of 659 bp
and primer pairs PMITS1/PMITS2 produced a band of 564 bp (Fig. 2). Sequence
of maple powdery mildew PCR product from ITS1-F/ITS4 was published in
GenBank (Accession DQ066421). DNA sequence analysis for similarity with
other powdery mildew fungi indicated that the closest match was with Sawadaea
tulasnei (GenBank Accession AB022367) with 89% match. Sequence analysis by
LALIGN showed 84.7% match to Sawadaea tulasnei, 82.8% match to Sawadaea
polyﬁda var. japonica (GenBank Accession AB000936) and 81.7% match to
Uncinula bicornis (GenBank Accession AF298540). Phylogenetic analysis among
36 ITS region sequences covering nine genera of powdery mildew fungi (4)
showed that the maple powdery mildew was close to the Sawadaea clade for
ITS region using neighbor-joining (NJ) by ClustalX viewed by TreeView diseases
(Fig. 3). These results indicated that the pathogen of maple powdery mildew in
McMinnville, TN is in a genus close to Sawadaea, but different from Sawadaea
bicornis reported on Norway maple (Acer platanoides) in North America in
2003 (3). Although, the ascocarps were morphologically different from those of
Sawadeae, it is possible that the difference was a developmental stage in which
branching had not developed in our samples.
Speciﬁc prime pairs m-mp-f1/m-mp-r1 and m-mp-f1/m-mp-r2 ampliﬁed maple
powdery mildew and produced 289 bp and 255 bp fragment respectively, but
they did not amplify DNA of other powdery mildews from crape myrtle, dogwood,
lilac and oak (Figure 4). These primers can be used to detect this fungus and
distinguish it from other powdery mildews which may not be morphologically
distinct.
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Figure 1. Ascocarp of maple powdery mildew fungus showing appendages that
are apically uncinate-circinate without branching.

Figure 2. PCR bands ampliﬁed from powdery mildew primer pairs: PMITS1/
PMITS2 (Lane 1 & 2) and universal primers ITS1-F/ITS4 (Lane 3 & 4). Lane M is
a 100 bp molecular-weight marker.

Pathlogy and Nematology Section

221

SNA RESEARCH CONFERENCE - VOL. 51 - 2006
Figure 3. Neighbor-joining tree based on ClustalX alignment of the ITS region
sequence of Tennessee maple-powdery mildew fungus in comparison with
35 other powdery mildew fungi covering nine genera of powdery mildew fungi
(Erysiphales) published in the GenBank.
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Figure 4. PCR bands from maple powdery mildew in comparison with four
other powdery mildews fungi ampliﬁed with ITS speciﬁc primers m-pm-f1/mpm-r1 (Lanes 1 to 6) and m-pm-f1/m-pm-r2 (Lanes 7 to 12). Maple powdery
mildew fungus (lanes 5 & 6 and 11 & 12), Erysiphe australiana of crape myrtle
(Lanes 1 & 7), E. pulchra of dogwood (lanes 2 & 8), E. syringae-japonicae of lilac
(lanes 3 & 9), and P. guttata of oak (lanes 4 & 10). Lane M is a 100 bp molecularweight marker.

Pathlogy and Nematology Section

223

SNA RESEARCH CONFERENCE - VOL. 51 - 2006

PCR-based Analysis of Colletotrichum acutatum
and C. gloeosporioides in Flowering Dogwood
Ainong Shi, Margaret Mmbaga, Frank Mrema and Emmanuel Nnodu
Tennessee State University, Otis L. Floyd Nursery
Research Center, McMinnville, TN 37110
Index Words: Dogwood, Cornus ﬂorida, Colletotrichum acutatum (Glomerella
acutata), C. gloeosporioides (G. cingulata), PCR
Signiﬁcance to Industry: Colletotrichum acutatum (Glomerella acutata)
and C. gloeosporioides (G. cingulata) both cause severe diseases in many
crops including the nursery crops (3). In ﬂowering dogwood (Cornus ﬂorida),
C. acutatum was ﬁrst reported as a limb dieback disease in 1993 (2). In 2001,
C. acutatum was reported as the main pathogen in ﬂowering dogwood in
Florida (5) causing leaf spot, twig and limb blight; trunk canker aspects of the
disease were all caused by the same fungus. C. acutatum was also found
in infected dogwood fruits and seed (4) causing damping-off (1). A related
fungus, C. gleospoirioides was reported as dogwood pathogen as early as
1965 and was associated with dogwood leaf anthracnose. Both C. acutatum
and C. gloeosporiodes were isolated from dogwood stem and leaf on naturally
infected ﬂowering dogwood at Tennessee State University, Nursery Research
Center germplasm evaluation plots in McMinnville, TN, but only C. acutatum was
isolated from dogwood seeds. When the two pathogens occur on foliage, their
symptoms are not easily distinguishable and their cultures are also not easily
distinguishable. The objectives of this study was to identify and distinguish the
two pathogens by molecular approaches, develop PCR-assays to detect the
two pathogens in infected tissue, and explore the occurrence of some genes
associated to pathogenicity of the two fungi in other crops.
Nature of Work: Colletotrichum acutatum and C. gloeosporioides were isolated
from infected dogwood leaves, stems and dogwood seeds at Tennessee State
University, Nursery Research Center germplasm evaluation plots in McMinnville,
TN. Genomic DNA was extracted from the cultures of Colletotrichum spp. and
from infected dogwood leaves, stems and seeds using the DNeasy Plant Mini Kit
(Qiagen Inc, Valencia, CA) following the protocol from the company. Universal
primers, ITS1/ ITS4, and ITS1-F/ ITS4 for ITS region and NS1/NS2 for 18S rRNA
were used to amplify DNA from C. acutatum and C. gloeosporioides following
standard PCR protocols. ITS-speciﬁc primers CaInt2/ITS4 for C. acutatum and
CgInt/ITS4 for C. gloeosporioides previously reported by Freeman et al. (3) were
also used to evaluate samples. Additional ITS-speciﬁc primers for C. acutatum
and C. gloeosporioides were designed by using software Primer3 and sequences
previously reported in the GeneBank. Primer pairs CaGlu-f1/CaGlu-r1 and
CaGlu-f2/CaGlu-r2 for glutamine synthetase gene intron sequence was designed
from GenBank accession AF285766; primer pair CaKl-f/CaKl-r for Glomerella
acutata key lime pathogenicity protein gene from AY918714; primer pair CaLacf/CgLac-r for Glomerella cingulata laccase gene from AY853696; and primer pair
CgPec-f/CgPec-r for G. cingulata pectate lyase B (PELB) gene from AF052632.
All primers listed in Table 1 were used in standard polymerase chain reaction
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(PCR) protocols to amplify the internal transcribed spacer (ITS) regions of rDNA
and the intervening 18S rRNA gene. The PCR products were visualized in 1.5%
agarose gel in 1X TBE, stained with ethidium bromide. The PCR products were
sequenced by Davis Sequencing Inc., Davis, CA and BLAST analysis of the
sequence of the PCR products was done to show sequence similarity with ITS
sequences in the GenBank.
Results and Discussion: DNA ampliﬁcation of C. acutatum and
C. gloeosporioides with universal ITS primers ITS1-F/ITS4 and ITS1/ITS4 and
18S rRNA primers NS1/NS2 produced fragments of similar sizes (Table 2 and
Fig. 1). Our results conﬁrmed previously reports on the need for ITS-speciﬁc
primers that can distinguish C. acutatum and C. gloeosporioides (3). Speciﬁc
primers pairs CaInt2/ITS4, ca-f1/ca-r1, ca-f1/ca-r2, ca-f1/ca-r3, ca-f2/ca-r1,
ca-f2/ca-r2, ca-f2/ca-r3, and CaKl-f/CaKl-r produced DNA fragments only for
C. acutatum; CgInt/ITS4, CaLac-f/CgLac-r, and CgPec-f/CgPec-r only for
C. gloeosporioides and CaGlu-f2/CaGlu-r2 produced different sizes for the two
fungi (Table 2 and Fig. 2, 3 and 4). These results indicated that these speciﬁc
primer pairs can be used as a diagnostic tool to distinguish the two fungi.
Infected leaf tissue of our samples produced similar results as pure cultures
and conﬁrmed the occurrence of the two pathogens in Tennessee dogwood.
The six primer pairs ca-f1/ca-r1, ca-f1/ca-r2, ca-f1/ca-r3, ca-f2/ca-r1, ca-f2/
ca-r2, and ca-f2/ca-r3, were also tested in other fungi including Acremonium
alternatum, Alternaria alternata, Botryosphaeria dothidea, Botrytis cinerea,
C. gloeosporioides, and Phomopsis eucommicola and they did not produce any
bands. Thus, the six primer pairs were used to detect C. acutatum in dogwood
seeds. Results veriﬁed the occurrence of C. acutatum in seed collected from
Tennessee without showing visible symptoms.
The sequences or partial sequences of the PCR products from C. acutatum
in C. ﬂorida ampliﬁed with ITS1-F/ITS4 (Genbank accession DQ062670) was
100% matching to those in ITS region of C. acutatum in host Lupinus albus
(accessions AJ301964, AJ301951, AJ301950, AJ301932, and AJ301922). The
sequence from the PCR product for C. gloeosporioides in C. ﬂorida (Genbank
accession DQ062671) was 100% match to the ITS region of C. gloeosporioides f.
sp. Aeschynomene in GenBank accession AJ301986. The ITS sequences for
C. acutatum and C. gloeosporioides in C. ﬂorida were 91.1% identical. Partial
sequence of the PCR product ampliﬁed from the primer pair CaLac-f/CaLac-r
(DQ062672) was 98% match to the laccase gene of G. cingulata (GenBank
accession AY853696); no other similar sequences were found by Blast search.
The translated protein sequence of this PCR product (DQ062672) was 100%
match to the laccase gene of G. cingulata (GenBank accession AAW47924) and
no other close match was found. Partial sequence of the PCR product ampliﬁed
from the primer pair CaPec-f/CaPec-r (GenBank accession DQ062673) was 98%
match to G. cingulata pectate lyase (Pel) mRNA (GenBank accession U32942),
97% match to the pectate lyase B (PELB) gene of G. cingulata (GenBank
accession AF052632), and 87% match to G. magna putative pectate lyase
gene (GenBank accession AF152958). Partial sequence of the PCR product
ampliﬁed from the primer pair CaGlu-f1/CaGlu-r1 (DQ062674) was 96% match
to C. acutatum glutamine synthetase gene, and intron sequence (GenBank
accessions AF285765 and AF285766 respectively) and only 66.7% match
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to C. gloeosporioides glutamine synthetase (gln) gene (GenBank accession
L78067). Partial sequence of the PCR product ampliﬁed from the primer pair
CaKl-f/CaKl-r (DQ062675) was 96% match to C. acutatum key lime pathogenicity
protein gene (GenBank accession AY918714). These sequence analyses
indicated these primers can be used not only to distinguish the two fungi, but
also to verify that pathogenicity gene for the two fungi in dogwood were similar
to C. acutatum and C. gloeosporioides in othe crops. These results provide
useful tools to identify and distinguish C. acutatum and C. gloeosporioides
in limb dieback of ﬂowering dogwood and this research also provides further
characterization of related genes involved in host pathogenicity of the
two pathogens.
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Table 1. Primers used to amplify the internal transcribed spacer (ITS) regions of
rDNA and the intervening 18S rRNA gene in standard polymerase chain reaction
(PCR).
Primer1
Name
ITS1-F
ITS1
ITS4
NS1
NS2
CaInt2
CgInt
Ca-f1
Ca-f2
Ca-r1
Ca-r2
Ca-r3
CaGlu-f1
CaGlu-r1
CaGlu-f2
CaGlu-r2
CaKl-f
CaKl-r
CgLac-f:
CgLac-r:
CgPec-f:
CgPec-r:

Sequence 5'→3'
cttggtcatttagaggaagtaa1
tccgtaggtgaacctgcgg1
tcctccgcttattgatatgc
gtagtcatatgcttgtctc1
ggctgctggcaccagacttg
ggggaagcctctcgcgg1
ggcctcccgcctccgggcgg
tgaacatacctaaccgttgc1
ccggaggaaaccaaactcta1
agggtccgccactaccttta
tcccagtgcgagacgttag
ggggttttacggcaagagtc
agctcgctattccaccagaa1
ttgcaagacctccaataccc
cgttcacgacaaacaccttg1
atcgagtcgtgatcgaatcc
agagctggcaaatctccaaa1
ccgagtggcgtttatttgtt
gaagatctcggcaccatcat1
aacaacagggaccaggtcag
caccagctcgaaacagtcaa1
tgtcgagcagaccatcgtag

Size
22
19
20
20
20
17
20
20
20
20
19
20
20
20
20
20
20
20
20
20
20
20

Tm

Position2

60.00
64.48
58.35
49
65
66.84
126-142
76.80
147-166
60.40
95-104
60.40
189-208
62.45
478-459
62.32
521-503
62.45
549-530
59.98
93-112
59.93
609-590
60.19
4-23
60.04
505-486
59.96
679-698
60.00 1274-1255
60.04
118-137
60.00
645-626
60.02
248-267
60.01
788-769

GenBank
accession

DQ0626703
DQ062670
DQ062670
DQ062670
DQ062670
DQ062670
DQ062670
AF285766
F285766
AF285766
AF285766
AY918714
AY918714
AY853696
AY853696
AF052632
AF052632

1

Forward primers.

2

Position means where the primer is located at corresponding locus of GeneBank accession.

3

GenBank accession for Glomerella acutata ITS region (DQ062670); Glomerella acutata strain MYA-662
glutamine synthetase gene, intron sequence (AF285766); Glomerella acutata key lime pathogenicity
protein gene (AY918714),: Glomerella cingulata laccase gene (AY853696), and Glomerella cingulata
pectate lyase B (PELB) gene (AF052632).
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Table 2. Fragment sizes of Colletotrichum acutatum and C. gloeosporioides
ampliﬁed with sixteen primer pairs in a standard polymerase chain
reaction (PCR).
Primer pair
ITS1-F/ITS4
ITS1/ITS4
NS1/NS2
CaInt2/ITS4
CgInt/ITS4
Ca-f1/ca-r1
Ca-f1/ca-r2
Ca-f1/ca-r3
Ca-f2/ca-r1
Ca-f2/ca-r2
Ca-f2/ca-r3
CaLac-f/CgLac-r
CgPec-f/CgPec-r
CaGlu-f1/CaGlu-r1
CaGlu-f2/CaGlu-r2
CaKl-f/CaKl-r

PCR fragment size
C. acutatum
622 bp
584 bp
570 bp
496 bp
384 bp
427 bp
455 bp
290 bp
333 bp
361 bp
517 bp
501 bp
596 bp

C. gloeosporioides
613 bp
572 bp
560 bp
463 bp
505 bp
541 bp
-

No the band was observed (-).

Figure 1. PCR fragments of Colletotrichum acutatum (Lane 1, 3, 5) and
C. gloeosporioides (Lane 2, 4, and 6) ampliﬁed with three universal primer pairs
i (1) ITS1-F/ITS4 (Lane 1 & 2); (2) ITS1/ITS4 (Lane 3 & 4) and; (3) NS1/NS2
(Lane 5 & 6). Lane M is a 100 bp molecular-weight marker.
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Figure 2. PCR fragments of Colletotrichum gloeosporioides (Lane 1, 2, 5, 6) and
C. acutatum (Lane 3, 4, 7, 8) ampliﬁed with speciﬁc primer pairs CaInt2/ITS4
(Lane 1 to 4) and (2) CgInt/ITS4 (Lane 5 to 6). Lane M is a 100 bp molecularweight marker.

Figure 3. PCR Fragments of Colletorichum acutatum ampliﬁed with six primer
pairs: Lane 1 = ca-f1/ca-r1; 2 = ca-f1/ca-r2; 3 = ca-f1/ca-r3; 4 = ca-f2/ca-r1;
5 = ca-f2/ca-r2 and; 6 = ca-f2/ca-r3. Lane M is a 100 bp molecular-weight marker.
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Figure 4. PCR fragments of Colletotrichum gloeosporioides (Lane 1 & 2, 5 & 6,
9 & 10, 13 & 14, 17 & 18) and C. acutatum (Lane 3 & 4, 7 & 8, 11 & 12, 15 & 16,
and 19 & 20) ampliﬁed with ﬁve primer pairs: (1) CgLac-f/CgLac-r (Lane 1 to 4);
(2) CgPec-f/CgPec-r (Lane 5 to 8); (3) CaGlu-f1/CaGlu-r1 (Lane 9 to 12); (4)
CaGlu-f2/CaGlu-r2 (Lane 13 to 16) and; (5) CaKl-f/CaKl-r (Lane 17 to 20). Lane
M is a 100 bp molecular-weight marker.
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Seed-borne Diseases of Dogwood and Their Control
Emmanuel C. Nnodu and Margaret T. Mmbaga
Institute of Agricultural and Environmental Researech, Otis Floyd Nursery
Research Center, Tennessee State University, McMinnville TN 37110
Nature of Work: Dogwood accounts for over $ 40 million of the Tennessee’s
$200 million in annual nursery sales (1). Seeds are regarded as the most vital
basic and critical input for sustaining agriculture (4). So the production and
maintenance of healthy seeds are therefore important. Many fungi, bacteria
and viruses invade seeds during their developmental stages on the plants and
after the seeds have matured, harvested and stored. They also cause seedling
damage resulting in the development of disease at later stages of the plant
growth. Some of the seed-borne pathogens that have been associated with
dogwood plants are Colletotrichum acutatum, Curvularia afﬁnis, Botryosphaeria
dothidea, Discula destructiva, Fusarium spp, Pestalotia sp., Penicillium spp,
Phomopsis sp and Epicoccum sp (2, 7). The objective of the study is to ﬁnd
which fungicides that will control these fungi. Four batches of 50 seeds each
were used for this study after they have been vernalized for three months.
The ﬁrst batch was treated with Captan (25 gm/500 ml of water), the second
with Subdue (15 ml/500 ml of water), and the third with Vitavax (2 ml/500 ml of
water). The fourth batch, which was treated with distilled water, served as the
control. The seeds were planted in four plastic trays of soil mix and covered with
vermiculite. They were watered as needed. When the seeds germinated after
two weeks, they were transplanted into quart (about 1-liter) plastic containers
containing sterilized soil mix. Fertilizer was applied and the plants watered
as needed. The heights of the plants were measured at 4 and 6 weeks after
transplanting. After 6 weeks, plants were harvested and the adhering soil
washed off. The roots and shoots were dried at 65 C for six days and the weights
recorded. The design of the experiment was a randomized complete block
replicated ﬁve times. Treatment means were separated using Tukey’s test (5) of
signiﬁcance at P = 0.05.
Results and Discussion: The highest germination of dogwood seeds was
recorded from Vitavax treated seeds, 82 %, followed by Subdue, 78 % and
Captan, 75 %. Germination in the water treated group (control) was 36 %. The
low percentage germination of the control seeds may be due to infection of the
seeds. Signiﬁcant increase in seedling emergence has been reported when
wheat seeds were treated with Captan and Vitavax (8).
The highest mean height of plants was obtained from Subdue treated seeds
(5.7 cm), followed by Captan (5.6 cm) and Vitavax (4.7 cm). The control group
had a mean height of 1.4 cm and was statistically shorter than the fungicide
treated plants. There was no statistical difference in height between the
fungicide-treated plants. Measurements at six weeks followed the same trend
as that of four weeks (Table 1). The mean root and shoot dry weights of the
fungicide treated plants were not statistically different, but were signiﬁcantly
greater than the control. Root dry weights were Subdue (59 mg), Captan (58 mg),
Vitavax (53 mg), and control (17 mg). Shoot dry weights were 360 mg (Subdue),
320 mg (Captan), 280 mg (Vitavax), and 100 mg (control). The three fungicides,
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Vitavax, Subdue and Captan, tested were effective in controlling seed-borne
pathogens compared with the control. They also helped in producing better
emergence and more vigorous seedlings. Izhar et al. (6) obtained beneﬁcial
effects with Vitavax on grain yield and plant characteristics of wheat. Since
some seed-borne diseases can result in the development of diseases, such as
limb dieback (3) and anthracnose (9) later in the life of the plant, the next phase
of this study will focus on the control of the diseases on plants following the
seed infection.
Signiﬁcance to Industry: Subdue, Captan and Vitavax can be recommended
for controlling fungal infection of dogwood seeds. They enhance germination of
the seeds and also help in producing more vigorous seedlings.
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Table 1. Effect of seed dressing fungicides on height, root and shoot weights of
dogwood seedlings.

Fungicide
Captan
Vitavax
Subdue
Control

Height of
plants (cm)
12/6/05
5.0 a
4.5 a
5.4 a
1.1 b

12/20/05
5.6 a
4.7 a
5.7 a
1.4 b

Root dry WT Shoot dry WT
(mg)
(gms)
58 a
320 a
53 a
280 a
59 a
360 a
17 b
100 b

Means followed by the same letter in each column do not differ signiﬁcantly (P=0.05) Tukey’s Test.
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Microscopic and Macroscopic Studies on
Resistance Responses to Daylily Rust
Y. H. Li1, M. T. Windham1, R. N. Trigiano1, D. C. Fare2,
J. M. Spiers3 and W. E. Copes3
1
Dept. of Entomology and Plant Pathology,
University of Tennessee, Knoxville, TN 37996-4560
2
USDA/ARS Floral & Nursery Plants Research Unit, McMinnville, TN 37110
3
USDA/ARS Small Fruit Research Unit, Poplarville, MS 39470
mwindham@utk.edu
Index Words: daylily rust, Puccinia hemerocallidis, resistance, histology
Signiﬁcance to Industry: Hypersensitive cell death is one of the resistance
responses to daylily rust. Delayed latent periods and reduced sporulation
represent other types of resistance mechanisms in the daylily rust pathosystem.
These results provide useful information for evaluating resistance to daylily rust
and for understanding the effects of host resistance on epidemics of daylily rust.
Nature of Work: Daylily rust, caused by Puccinia hemerocallidis, is a newly
introduced disease in the United States (1, 4). Although the variations of
susceptibility to daylily rust in commercial daylily cultivars were reported in
greenhouse experiments (3), the effects of host resistance on the fungal infection
and development are unclear. The objectives of this study were to compare
macroscopic and microscopic fungal developments on daylily rust cultivars
varying in levels of resistance and to investigate resistance mechanisms utilized
by resistant cultivars.
Eight daylily cultivars, ‘Buttered Popcorn’, ‘Mary Todd’, ‘Chorus Line’, ‘Chicago
Apache’, ‘ Blue Eyes’, ‘Stella De Oro’, ‘Bertie Ferris’ and ‘Pardon Me’, with
different levels of resistance to P. hemerocallidis were used in the experiments.
Leaf segments (5 cm long) were rinsed in running water and inoculated with a
single-pustule isolate of P. hemerocallidis in a settling tower using the method
described previously (2). Inoculated leaf segments were placed on moistened
paper towels with abaxial surface up and incubated at the room temperature
(22 ± 1 ºC) with a continuous light after incubation in dark for 24 h.
Results and Discussion: According to lesion types and sporulation rates,
the eight daylily cultivars were grouped into ﬁve categories of susceptibility to
P. hemerocallidis. The susceptible cultivar ‘Pardon Me’ supported abundant spore
production from bright yellow uredia. On moderately susceptible cultivars ‘Mary
Todd’ and ‘Chorus Line’, uredia and urediniospores were formed in brown spots.
Moderately resistant cultivar ‘Chicago Apache’ exhibited necrotic lesions with few
urediniospores release. Resistant cultivars ‘Buttered Popcorn’ and ‘Stella De Oro’
exhibited necrotic lesions without sporulation. Cultivars ‘Bertie Ferris’ and ‘Prairie
Blue Eyes’ were placed in the highly resistant category with either tiny green
islands or no symptoms at penetration sites.
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Histological studies showed that protoplasts had shrunken away from cell walls in
the tissues under infection sites in all cultivars except susceptible cultivar ‘Pardon
Me’ two days after inoculation (Fig. 1A). Collapsed cells were observed at four
days after inoculation (Fig. 1B). Uredia (Fig. 1C) and urediniospores (Fig. 1D)
were formed in the susceptible cultivar ‘Pardon Me’, moderately susceptible
cultivars ‘Mary Todd’ and ‘Chorus Line’, and moderately resistant cultivars
‘Chicago Apache’, but not in resistant cultivars ‘Buttered Popcorn’ and ‘Stella De
Oro’ and highly resistant cutlivars ‘Bertie Ferris’ and ‘Prairie Blue Eyes’.
The number of collapsed cells per infection site were signiﬁcantly different
(P
P = 0.0001) among cultivars at 10 dai. Moderately resistant cultivar ‘Chicago
Apache’ had the largest amount of collapsed cells followed by ‘Buttered Popcorn’,
‘Stella De Oro’, ‘Chorus Line’, ‘Prairie Blue Eyes’, ‘Bertie Ferris’ and ‘Mary
Todd’, whereas, collapsed cells were rarely detected in the susceptible cultivar
‘Pardon Me’ (Fig. 2). Incubation period, the time to ﬁrst observation of symptoms,
was signiﬁcantly (P
P < 0.0001) different among eight cultivars. Compared to
susceptible cultivar ‘Pardon Me’, incubations periods were earlier for ‘Buttered
Popcorn’, ‘Chicago Apache’ and ‘Mary Todd’ and longer for ‘Chorus Line’ and
‘Stella De Oro’ (Fig. 3). Urediniospore production was detected on cultivars
‘Pardon Me’, ‘Mary Todd’, ‘Chorus Line’ and ‘Chicago Apache’. However, latent
periods were delayed (Fig. 4) and urediniospore production was reduced (Fig. 5)
for ‘Mary Todd’, and ‘Chorus Line’ and ‘Chicago Apache’ compared to susceptible
cultivar ‘Pardon Me’. Urediniospores were not observed in resistant and highly
resistant cultivars, ‘Buttered popcorn’, ‘Stella De Oro’, ‘Bertie Ferris’ and Prairie
Blue Eyes’ (Fig. 5).
Differences in infection types and resistance components among daylily
cultivars suggest that different resistance mechanisms exist in the daylily-rust
pathosystems. These results could provide the essential knowledge in evaluating
daylily rust resistance and understanding genetic resistance of daylily rust.
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Figure 1. Light micrographs of infection process of Puccinia hemerocallidis.
A, Shrank protoplast (SP) under the infection site between guard cells (GC)
in ‘Prairie Blue Eyes’ at 2 days after inoculation (dai). B, Collapsed mesophyll
cells (CC) in ‘Chicago Apache’ at 4 dai. C, Formation of a uredium (UR)
in the substomatal space under a stoma of ‘Pardon e’ at 6 dai. D, Mature
urediniospores (U) under epidemical cells (EC) of ‘Pardon Me’ at 8 dai.

Figure 2. Comparisons of collapsed cell numbers per infection site among
eight daylily cultivars. Means with the same letter on columns are not
signiﬁcantly different from each other at the P = 0.05 level according to the least
signiﬁcant difference.
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Figure 3. Comparisons of incubation periods among six daylily cultivars. Means
with the same letter on columns are not signiﬁcantly different from each other at
the P = 0.05 level according to the least signiﬁcant difference.

Figure 4. Comparisons of latent periods among four daylily cultivars. Means with
the same letter on columns are not signiﬁcantly different from each other at the
P = 0.05 level according to the least signiﬁcant difference.
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Figure 5. Comparisons of sporulation among eight daylily cultivars. Means with
the same letter on columns are not signiﬁcantly different from each other at the
P = 0.05 level according to the least signiﬁcant difference.
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Signiﬁcance to Industry: Epidemics of powdery mildew on ﬂowering dogwood
were started in late-May, followed by a rapid increase in disease severity
until early- to mid-August. Differences in the disease progress were observed
in cultivars with different levels of resistance. ‘Karen’s Appalachian Blush’
expressed higher levels of resistance in both years. Disease onset, upper
asymptote, absolute infection rate, and standard area under the disease progress
curves were proposed as epidemiological components of resistance to powdery
mildew in dogwoods. The results provide useful information for evaluating
dogwood resistance to powdery mildew in ﬁelds and the time arrangement of
fungicide application.
Nature of Work: Powdery mildew caused by Erysiphe pulchra has impeded
dogwood production and growth in nurseries and landscapes in the eastern
United States since 1995. Variation of resistance to E. pulchra among dogwood
seedlings was identiﬁed in nurseries, greenhouses and laboratories (1,2,3,4).
The results of leaf disk inoculation experiments showed that resistant cultivars
had lower values of infection efﬁciencies, delayed latent period and smaller
amount of sporulation (2). The objectives of this study were to describe disease
progress and investigate effects of host resistance on disease development in
ﬁelds by comparing the parameters, such as disease onset, upper asymptote,
absolute infection rate, and standard area under the disease progress curves.
The experiments were conducted using a randomized complete block design
with three blocks and three trees in each block. Disease severities were recorded
at six to ten days intervals. Disease progress curves were tested for the ﬁt of
Gompertz, monomolecular and logistic models (DO YOU NEED A REFERENCE
HERE?). From the most ﬁtted model, parameters were estimated, including
disease onsets, upper asymptotes and infection rates. Standard area under the
disease progress curves was also calculated. Signiﬁcant differences in disease
onsets, absolute infection rate, upper asymptotes and standard area under the
disease progress curves among cultivars were determined using the analysis of
variance. Means were compared using the least signiﬁcant difference at P = 0.05.
Results and Discussion: Epidemics of powdery mildew started later and were
developed slower in 2004 than in 2005. In general, epidemics of powdery mildew
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started in late-May, followed by a rapid increase in disease severity until earlyto mid-August. Disease progress curves of powdery mildew on dogwood were
ﬁtted better to the logistic model in both years (Fig. 1). Signiﬁcant differences in
disease onsets, upper asymptotes, absolute infection rates and standard area
under the disease progress curves were detected among ﬂowering dogwood
cultivars. Disease onsets for ‘Karen’s Appalachian Blush’ were signiﬁcantly
delayed than for the other cultivars except no differences from MW 94-60 and
MW 95-25 in 2004 (Fig. 2). ‘Karen’s Appalachian Blush’ had signiﬁcant lower
values of upper asymptotes than the other cultivars except not different from MW
94-60 and MW 95-25 in 2004, and ‘Cherokee Brave’ in 2005 (Fig. 3). Absolute
infection rates were higher for ‘Rubra’ than the other cultivars among which
absolute infection rates were not different from each other in 2004. However,
‘Karen’s Appalachian Blush’ had the lower value of absolute infection rate except
not different from ‘Cherokee Brave’ in 2005 (Fig. 4). The standard area under the
disease progress curves was highest for ‘Rubra’, lowest for ‘Karen’ Appalachian
Blush’ and intermediate for ‘Cherokee Daybreak’ except MW 94-60 and MW
95-25 that had different results of standard area under the disease progress
curves in two years (Fig. 5).
In conclusion, the epidemics of powdery mildew on ﬂowering dogwood started
at the end of May and disease severities increased rapidly during June and
July. Among the ﬂowering dogwood cultivars tested in the experiment, ‘Karen’s
Appalachian Blush’ had the highest resistance to powdery mildew characterized
as later disease onset, slower infection rate, and lower upper asymptote and
standard area under the disease progress curves. More experiments are needed
to understand the reason of different resistance expression for MW 94-60 and
MW 95-25. These results provide useful information for fungicide application and
resistance evaluation in ﬁelds.
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Figure 1. Observed (symbols) and estimated (lines) disease progress curves of
powdery mildew on ﬂowering dogwood cultivars with different levels of resistance
in 2004 and 2005.

Figure 2. Comparisons of disease onsets among ﬂowering dogwood
cultivars in 2004 and 2005. Means with the same letter on columns are not
signiﬁcantly different from each other at the P = 0.05 level according to the least
signiﬁcant difference.
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Figure 3. Comparisons of upper asymptotes among ﬂowering dogwood
cultivars in 2004 and 2005. Means with the same letter on columns are not
signiﬁcantly different from each other at the P = 0.05 level according to the least
signiﬁcant difference.

Figure 4. Comparisons of absolute infection rates among ﬂowering dogwood
cultivars in 2004 and 2005. Means with the same letter on columns are not
signiﬁcantly different from each other at the P = 0.05 level according to the least
signiﬁcant difference.
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Figure 5. Comparisons of standard area under the disease progress curves
among ﬂowering dogwood cultivars in 2004 and 2005. Means with the same
letter on columns are not signiﬁcantly different from each other at the P = 0.05
level according to the least signiﬁcant difference.

Pathlogy and Nematology Section

243

SNA RESEARCH CONFERENCE - VOL. 51 - 2006

244

Pathlogy and Nematology Section

