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Effect of Biorational Products on Non-Target
Microorganisms on Dogwood Foliage
Debbie J. Eskandarnia, Margaret T. Mmbaga, and Frank A. Mrema
Tennessee State University, Cooperative Agricultural Program, Nursery
Crop Research Station, McMinnville, TN
Index Words: Biorational, Powdery Mildew, Erysiphe Pulchra, Non-Target
organisms, Dogwood, Cornus Florida
Signiﬁcance to Industry: Results from this research provides information
concerning alternatives to synthetic pesticides. Alternative compounds are
generally regarded as environmentally friendly compared to conventional
pesticides. Biorational compounds that are effective in controlling powdery
mildew and other foliage diseases include potassium bicarbonate salt
(Armicarb®), household soaps (Ajax®, Palmolive® and Equate®), Neem seed
oil extract (Triact 70®), and clay (Surround®) (2, 3, 4). Such compounds are
assumed to be friendlier to non-target organisms and also degrade faster than
traditional fungicides. However, there is not enough documentation to conﬁrm
these compounds are less detrimental to non-target organisms (5). This study
will provide that documentation and will help growers make informed decisions in
choosing biorational products over traditional fungicides for controlling powdery
mildew or other foliage diseases.
Nature of Work: Applications of traditional pesticides can erode non-target
microorganisms that often provide a buffering effect against different pathogens
(1). The objective of this study was to determine the effect of selected biorational
products on non-target fungi, bacteria, and yeast that reside on leaf surfaces
and compare it with the effect of traditional fungicides. Previous studies in which
the effect of these products on non-target organisms was monitored monthly
over a two-year period showed that leaves treated with propiconazole had the
lowest microbial population. However, overall there were no signiﬁcant treatment
effects and the results were not consistent (2). Such results showed the seasonal
change in microbial population when biorational and traditional fungicides are
used, but the effect of individual sprays on the populations of fungi, yeast and
bacteria resident on plant foliage was not evaluated. The objective of this study
was to evaluate the microbial population change after each spray with biorational
compounds or traditional fungicides.
This study was conducted using 2-2 1/2 in. caliper established trees grown under
ﬁeld conditions. The daily temperatures in the ﬁeld environment for the duration
of this study ranged from a maximum of 74 to 82ºF (August to October) and
minimum temperatures of 55 to 65ºF (August to October), 2004. Treatments
consisted of fungicides propiconazole (Banner MAXX®), thiophanate methyl
(Cleary’s 3336®), kaolin (Surround®), neem seed oil extract (Triact 70EC®);
Potassium bicarbonate salt (Armicarb®); and household soaps (Ajax®, Palmolive®,
and Equate®). Treatments were applied using CO2 sprayers set at 12psi. A
randomized complete block experimental design was used with three replicates
of individual plants and the spray interval was 12 days.
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Leaves were collected from the spray treatments every three days starting 2 to
3 hours after treatments were applied. Thus, microorganisms on the leaves were
evaluated on day 0, 3, 6, 9, and 12 after spray treatments. Sterile forceps were
used to collect the leaves and three leaves were collected from each tree. The
leaves were stored in sterile plastic bags in a cooler and moved to the laboratory
where they were washed using 20 ml of double distilled water in a bag mixer
(Bag Mixer® St. Nom, France). The leaf washings were plated onto nutrient (NA),
wort (WA), and potato dextrose agar (PDA) for the isolation of bacteria, yeast,
and fungi respectively. Three plates were used for each media and a Spiral
Autoplate® 4000 system (Spiral Biotech, Bethesda, MD) was used for all plating.
The plates were incubated at room temperature at 72º F (22º C) for 48 hours,
and then placed in cold storage at 40° F (4 C° ) until colony forming units (CFU)
were counted using Spiral Biotech image analysis system.
Results and Discussion: Populations of yeast, bacteria, and fungi over the
12-day period are presented in Figs. 1 & 2. The composition of yeast, bacteria,
and fungi varied with treatment. The population was highest 2 to 3 hours after
spraying and thereafter the total number of microorganisms declined. Although
the decline was followed by an increase in the microbial number, the population
did not return to pre-treatment levels (Figs. 1 & 2). The re-colonization of the
leaves was mostly with yeast and later some fungi (Figs.1 & 2). Fungicides
(Banner®) propiconazole and (Cleary’s®) thiophanate methyl and household
soaps Palmolive® and Ajax® had the biggest effect on the microbial population
with a sharp decline in the microbial population soon after spraying. Overall, all
treatments had a negative effect on the fungi, yeast, and bacteria that reside on
plant leaves. The yeast population re-colonized the leaves faster than bacteria
and fungi. Out of the products evaluated, Triact 70®, Surround® and Armicarb®
had the least effect on the microbial population in the ﬁeld (Figs. 1 and 2).
Acknowledgements: The authors would like to thank Phillip Cornell for his
assistance in this study.
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Fig. 1. Total microbial population from dogwood leaves treated with commercially
available fungicides or biorationals.
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Fig. 2. Total microbial population from dogwood leaves treated with commercially
available fungicides or biorationals.
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Late Season Spray Program to Delay
Powdery Mildew on Dogwood in Spring
Andrew Trivette and Margaret Mmbaga
Tennessee State University, Nursery Crop Research Center,
472 Cadillac Lane, McMinnville, TN
Index Words: Dogwood, Fungicide, Powdery Mildew, Erisyphe pulchra,
Cornus ﬂorida
Signiﬁcance to Industry: Control of Powdery Mildew on dogwoods in nursery
production has required an intensive spray program, which can be expensive for
dogwood growers. Preliminary research has suggested that these sprays can be
reduced if the timing of sprays is customized to target the developmental stages
of the pathogen in the autumn (1). Initiating a late season spray could delay the
development of powdery mildew in spring by several sprays. Growers could
beneﬁt not only from savings on labor and pesticides, but also by spraying at a
period of reduced work-load in late autumn and possibly eliminating the need to
spray during mid-spring when work-load is highest.
Nature of Work: Previous research on improved timing of fungicide applications
has been conducted in greenhouses, and growth chamber environments. Since
each of these areas has its own microclimate, the results could show only
general trends and not actual results comparable to those found in commercial
dogwood production in ﬁeld environment. The objective of this experiment was
to conﬁrm previous information concerning the timing of fungicide sprays, and
disease development under a modiﬁed spray program.
Initial study was conducted in 2002 at the Nursery Research Center using
naturally infected C. ﬂorida ‘Cherokee Princess’ of about 2” caliper. A second
study was conducted in 2004-05 at Tennessee State University farms in three
locations, Cheatham County, Davidson County (TSU campus), and Warren
County (Nursery Research Center). In each location two plots were established
in 2003, one for end of season spray treatments and one for no spray treatments.
Spray treatments were arranged in a randomized complete block design with
4 replications of 7 blocks for each replicate. Each block had two 2-year-old
plants which were spaced two feet apart, one susceptible and one moderately
resistant to powdery mildew. The treatments were applied using CO2 sprayers
(R& D Sprayers, Tallahassee, FL). Spray treatments and their application
rates are presented in Table 1. All plants were monitored for powdery mildew
infection. Previously infected leaves were crushed and used to provide a source
of powdery mildew infection to promote high disease severity in all plots, except
Warren County where infection was naturally high. By August 2004, all plots had
severe infection covering nearly 100% of plant foliage.
One plot in each location was sprayed on September 30th, October 15th and
29th, 2004. The spray treatments were chosen on the basis of previous work
documenting the efﬁcacy of fungicides and biorationals towards control of
powdery mildew (2). At the end of the spray program, bird netting was placed
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around the plants to ensure that the leaves from each plant remained in place
for evaluation. These leaves were harvested in early December and the number
of ascocarps formed was determined. Evaluation of ascocarps was done using
a dissecting microscope at 35x magniﬁcation and both sides of each leaf were
examined for the presence of ascocarps. An average of thirty leaves from each
plot was examined and a scale of 1-6 was used to enumerate the ascocarps
with 1 = 1-10 ascocarps, 2 = 11-20 ascocarps, 3 = 21-30 ascocarps, 4 = 31-40
ascocarps, 5 = 41-50 ascocarps and 6= >50 ascocarps. After evaluation was
completed in January 2005, all leaves were returned to their respective plots
Development of powdery mildew in all plants was evaluated weekly, beginning
April 22nd, 2005.
Three leaves were harvested from each plant. Thus, a total of 72 leaves were
collected every week and placed in wet Petri dishes, one leaf per Petri dish, and
transported to the laboratory where they were incubated at room temperature for
10 days. The leaves were examined after 10 days for the presence of powdery
mildew colonies. By June 1, when this paper was submitted, very few colonies
covering less than 1% of the foliage were observed (Fig. 5). When all leaves
show a signiﬁcant amount of infection indicating an abundance of secondary
inoculum, plants will be rated for disease severity in the ﬁeld.
Results and Discussion: A summary of ﬁeld data from 2002 is shown in Fig. 1.
This data shows that regardless of the chemical used, spraying in late autumn
reduced the amount of ascocarps formed as a source of inoculum for the
following spring (3). This was conﬁrmed in the experiment done at three locations
in which ascocarps abundance was reduced by late season sprays (Fig. 2-5).
Leaves collected and incubated in the lab allowed for close observation and
a more accurate enumeration of the infection development before symptoms
appeared in the ﬁeld. The results showed that infection started up to 3 weeks
before disease symptoms became visible in the ﬁeld. The results also showed
that the use of biorational products like Ajax, Palmolive and Equate, in the late
season spray program was just as effective in controlling Ascocarp formation as
some of the traditional fungicides registered for powdery mildew control. These
biorational products offer an environmentally low impact alternative to traditional
fungicides. Due to the lack of substantial infection this spring, no spraying was
done before the ﬁrst of June 2005 (Fig. 6). This indicates that spraying can be
delayed by at least 6 weeks after bud break.
In addition to late season spraying, monitoring plants for disease symptoms
would also be beneﬁcial in reducing the number of sprays used to control
powdery mildew. Most growers begin spraying against powdery mildew at bud
break, around mid of April; at least 3 sprays could be eliminated if disease
development is monitored before spraying. In our study, the plants that were
sprayed in autumn still had almost no infection in June, thus the spraying will
most likely be delayed until late June. Previous results have shown that weather
has signiﬁcant effect on the severity of powdery mildew (1). In the years when the
weather is not very favorable to powdery mildew, the late season spray program
in the previous autumn may eliminate or signiﬁcantly reduce spray applications
needed to control powdery mildew.
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Table 1. Compounds evaluated for control of ascocarps that serve as a source of
primary inoculum for powdery mildew of dogwood.
Treatments

Rates

1

Armicarb/Banner Rotation

19.8g + 0.94mL/3L

2

Ajax

50 mL/3L

3

Equate

52.5mL/3L

4

Palmolive

50mL/3L

5

Banner/Compass 1x

0.94mL+0.8mL

6

Banner/Compass

0.94mL+0.8mL

7

No Spraying

Figure 1. Effect of late season spray programs on the number of ascocarps
formed as a source of primary inoculum for 2003 powdery mildew infection of
dogwoods. Spray terminated in August (August) follows grower practice, sprays
terminated in October (October). In the treatment with Armicarb, one treatment,
October (Banner), had treatments with Armicarb followed by Banner starting in
September to end of October.
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Figure 2. Effect of late season spray program on the number of ascocarps
formed as source of primary inoculum for 2005 powdery infection in dogwood.
Armicarb/Banner, Banner/Compass were used in rotations, either sprayed one
time on the 1st of October or sprayed September 30 – October 30. (SeptemberOctober). Control plants were not sprayed to control powdery mildew during the
season. Data for McMinnville location.

Figure 3. Effect of late season spray program on the number of ascocarps
formed as source of primary inoculum for 2005 powdery infection in dogwood.
Armicarb/Banner, Banner/Compass were used in rotations, either sprayed one
time on the 1st of October or sprayed September 30 – October 30. (SeptemberOctober). Control plants were not sprayed to control powdery mildew during the
season. Data for Nashville location.
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Figure 4. Effect of late season spray program on the number of ascocarps
formed as source of primary inoculum for 2005 powdery infection in dogwood.
Armicarb/Banner, Banner/Compass were used in rotations, either sprayed one
time on the 1st of October or sprayed September 30 – October 30. (SeptemberOctober). Control plants were not sprayed to control powdery mildew during the
season. Data for Cheatham location.

Figure 5. Effect of late season spray program on the number of ascocarps
formed as source of primary inoculum for 2005 powdery infection in dogwood.
Armicarb/Banner, Banner/Compass were used in rotations, either sprayed one
time on the 1st of October or sprayed September 30 – October 30. (SeptemberOctober). Control plants were not sprayed to control powdery mildew during the
season. Summary from all locations.
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Figure 6. Effect of late season (Sept.-Oct.) spray program on the primary
inoculum in spring.
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Treatment Window for the Control of
Powdery Mildew on Dogwood
John W. Olive, Austin K. Hagan, and James C. Stephenson
Auburn University Ornamental Horticulture
Research Center, Mobile AL 36689
olivejw@auburn.edu
Index Words: Erysiphe pulchura, triﬂoxystrobin, Cornus ﬂorida
Signiﬁcance to Industry: Data indicate triﬂoxystrobin (Compass) was effective
at reducing symptoms of powdery mildew at all spray schedules tested except
for the single application of 1 June. This indicates that there is potential for
growers to reduce the number of fungicide applications in a season and still
obtain satisfactory control of the disease. Similar control of powdery mildew was
achieved with 3, 5 or 7 applications depending on the spray schedule. Chemical
costs as well as time and labor make pesticide applications an expensive input
for production. If a grower can reduce his spray applications from 7 to 3 and still
obtain adequate disease control, production costs can be greatly reduced. More
testing is needed to determine a consistently effective spray schedule; however,
these preliminary results indicate a grower may reduce the number of chemical
applications and still provide satisfactory powdery mildew control on dogwood.
Nature of Work: Bare-root Florida dogwood (Cornus ﬂorida ‘Budded Pink’)
trees were potted in 3 gallon containers in April 2004. Plants were maintained
under 47% shade cloth and irrigated as needed with overhead impact sprinklers.
The experimental design was a randomized complete block with six single tree
replications. Treatments were applied with an R & D CO2 pressurized sprayer
at 40 psi. Compass 50W was applied at 4 oz per 100 gallons of water and
Sil-Spread non-ionic surfactant at 0.06% v/v was included in all treatments.
Schedules with multiple applications were sprayed every 14 days. Incidence of
powdery mildew was visually rated on 2 June and 8 September using a Horsfall
and Barrett rating scale where 1 = no disease, 2 = 0 to 3%, 3 = 3 to 6%, 4 = 6
to 12%, 5 = 12 to 25%, 6 = 25 to 50%, 7 = 50 to 75 %, 8 = 75 to 87%, 9 = 87
to 94%, 10 = 94% to 97%, 11 = 97 to 100%, and 12 = 100% of the leaves with
visible powdery mildew. Only data for the 8 September rating are presented.
Results and Discussion: All treatment schedules except the single application
of June 1 provided superior powdery mildew control when compared to the
untreated check (Table 1). The treatments beginning on 1 June consisting of
5 and 7 applications as well as the 3 and 5 applications beginning 1 July had
the lowest disease incidence and were similar in their powdery mildew control.
The 3 application treatments beginning 1 June and 1 August also signiﬁcantly
reduced disease incidence compared to the untreated control but were not as
effective as the other 3 application treatment, or the 5 or 7 application treatments.
Even the single application applied 1 July or 1 August had signiﬁcantly less
powdery mildew than the unsprayed control. The single application treatment
applied 1 June did not reduce disease incidence and was statistically similar to
the unsprayed control.
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Table 1. Powdery mildew disease rating on Florida dogwoods sprayed with
Compass™ fungicide at different treatment intervals.
Fungicide and
Rate / 100 gal

Treatment Window
Start

End

Number of
Applications

Powdery Mildew1
rating_8 Sept

Compass 50W
4 oz

Jun 1

Jun 1

1

6.2 ab2

Compass 50W
4 oz

Jun 1

Jul 1

3

4.3 cd

Compass 50W
4 oz

Jun 1

Aug 1

5

3.0 de

Compass 50W
4 oz

Jun 1

Sep 1

7

2.8 e

Compass 50W
4 oz

Jul 1

Jul 1

1

4.7 c

Compass 50W
4 oz

Jul 1

Aug 1

3

3.2 de

Compass 50W
4 oz

Jul 1

Sep 1

5

3.0 de

Compass 50W
4 oz

Aug 1

Aug 1

1

4.8 bc

Compass 50W
4 oz

Aug 1

Sep 1

3

5.5 bc

…

…

…

7.5 a

Unsprayed Control
1

Horsfall & Barratt visual rating scale: 1 = no disease, 2 = 0 to 3%, 3 = 3 to 6%, 4 = 6 to 12%, 5 = 12 to
25%, 6 = 25 to 50%, 7 = 50 to 75%, 8 = 75 to 87%, 9 = 87 to 94%, 10 = 94 to 97%, 11 = 97 to 100%,
and 12 = 100% of leaves with Erysiphe pulchra visible.

2

Data followed by the same letter are not signiﬁcantly different according to Fisher’s least signiﬁcant
difference test (P=0.05).
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Nitrogen Rate and the Incidence
of Diseases of Dogwood
A. K. Hagan1, J. R. Akridge2, and K. L. Bowen1
Department of Entomology and Plant Pathology,
Auburn University, AL 36849
2
Brewton Agricultural Research Unit, Brewton, AL 36427
haganak@auburn.edu
1

Index Words: Spot anthracnose, Cercospora leaf spot, powdery mildew, trunk
caliper, tree height, fungicide, Heritage
Signiﬁcance to Industry: Flowering dogwood is among the most popular small
ﬂowering trees in southern landscapes. Diseases such as spot anthracnose,
powdery mildew and possibly Cercospora leaf spot can have a detrimental
impact on tree aesthetics and health. In 2003, nitrogen applied at rates ranging
from 37.5 to 600 pounds of actual N per treated acre had relatively little impact
on the incidence and severity of spot anthracnose, powdery mildew, and
Cercospora leaf spot on two cultivars of ﬂowering dogwood. In this simulated
full-sun landscape planting, trunk diameter but not tree height increased as the
rate of nitrogen was raised from 37.5 to 600 pounds of actual N per treated acre.
Damaging outbreaks of spot anthracnose and Cercospora leaf spot may be
related to reductions in tree growth.
Nature of Work: Nitrogen is one of the key components for plant growth.
However, the impact of this critical nutrient on the diseases of woody
ornamentals, particularly in landscape or ﬁeld plantings, has not been widely
investigated. Elevated levels of nitrogen have been linked with the increased
severity of ﬁre blight on apple (8) and Phytophthora dieback on rhododendron
(5). In contrast, resistance of black walnut and other trees to the disease
anthracnose has been enhanced with supplemental applications of nitrogen (8).
Severity of Alternaria leaf spot along with bacterial leaf spot diseases on tropical
herbaceous and woody plants have been observed to decline sharply with
increasing rates of nitrogen (2). Increased nitrogen fertilization can reduce the
severity of dogwood anthracnose when weather patterns are less than ideal for
disease development (1).
Fungus-incited diseases, such as spot anthracnose, powdery mildew, and
Cercospora leaf spot, may not only mar the ﬂoral and foliar display of ﬂowering
dogwood but may sometime threaten tree health. In several recent Alabama (3)
and Tennessee (6) studies, powdery mildew has recently been shown to slow
the growth of ﬂowering dogwood. Cercospora leaf spot greatly accelerates the
rate of leaf abscission to the point that diseased trees fail to show any fall color
(3). The inﬂuence of nitrogen fertilization rate on the onset and development
of spot anthracnose, powdery mildew, and Cercospora leaf spot of ﬂowering
dogwood, which has not previously been evaluated, will be studied in a simulated
landscape planting at the Brewton Agricultural Research Unit (USDA Hardiness
Zone 8a).
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Prior to planting, soil fertility and pH of a Benndale (A) ﬁne sandy loam were
adjusted according to the results of a soil fertility assay. A drip irrigation system
with a single emitter per tree was installed before tree establishment. Containergrown ‘Cherokee Chief’ and ‘Cloud 9’ ﬂowering dogwood were transplanted in
early 2001. No nitrogen was applied in 2001. An area approximately 6 feet in
diameter around each tree was mulched with aged pine bark. Approximately 3 oz
of murate of potash (0-0-60 K2O) was evenly distributed over the mulched area
around each tree on February 26, 2003. Directed applications of 1 lb/A of Gallery
DF and 2 qt/A of Surﬂan T/O were made to the mulched area to control annual
weeds. Hand weeding and spot applications of Finale herbicide at 2 ﬂ oz/gallon
of spray volume were used to control escaped weeds.
The design was a split-split plot consisting of 6 replications with nitrogen rate
as the main plot, dogwood cultivar as the split plot, and fungicide treatment as
the split-split plot. Nitrogen application rates were 37.5, 75, 150, 300, and 600
pounds of actual nitrogen per treated area. Ammonium nitrate (33N-0P2O5-0K2O)
was the form of nitrogen used. In April and June, a half rate of each nitrogen
treatment was evenly distributed over the mulched area around each tree. Each
main plot consisted of a pair of ‘Cherokee Chief’ and ‘Cloud 9’ dogwoods. On
one randomly selected ‘Cherokee Chief’ and ‘Cloud 9’ dogwood in each plot,
protective fungicide treatments were made to control spot anthracnose, powdery
mildew, and Cercospora leaf spot, while the other tree was left untreated. The
fungicide Heritage WDG [Syngenta Professional Products, Greensboro, NC] was
applied at 2 week intervals at 4 ounces per 100 gallons of spray volume. In 2003,
applications were made to drip with a hand wand and a tractor-mounted sprayer
from 21 March to 10 July.
Incidence of spot anthracnose, powdery mildew, and Cercospora leaf spot were
individually rated on all trees at 2- to 4-week intervals using the Horsfall and
Barratt rating scale where 1 = 0%, 2 = 0 to 3%, 3 = 3 to 6%, 4 = 6 to 12%, 5 = 12
to 25%, 6 = 25 to 50%, 7 = 50 to 75%, 8 = 75 to 87%, 9 = 87 to 94%, 10 = 94
to 97%, 11 = 97 to 100%, and 12 = 100% of leaves showing signs of powdery
mildew colonization, or symptoms of spot anthracnose and/or Cercospora leaf
spot. Cercospora leaf spot-induced defoliation was also rated using the above
Horsfall and Barratt rating scale. Spot anthracnose ratings on the bracts were
taken on 23 April 2003, as well as on the leaves on 23 April, 27 May, 13 June,
and 16 July 2003. Powdery mildew incidence was rated on 27 May, 13 June,
and 16 July 2003. Incidence of leaf spotting and defoliation due to Cercospora
leaf spot were evaluated on 19 August, 20 September, 1 October, 15 October,
30 October, and 15 November 2003. Tree height and caliper were taken on 13
February 2001, 3 December 2001, 17 February 2003 and 13 January 2004.
Counts of ﬂower buds on each tree were also recorded on 17 February 2003 and
13 January 2004.
The area under the disease progress curve (AUDPC) was calculated for
incidence and/or severity data for each disease in each year. The AUDPC for
each disease were subjected to analysis of variance (ANOVA) to determine the
effects of nitrogen rate, cultivar selections, and fungicide treatment. Differences
in height and caliper were also subjected to ANOVA. Correlation coefﬁcients
were calculated for AUDPC’s for each of the three diseases to differences in tree
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height and caliper changes that occurred between February 2001 and January
2004. Signiﬁcant differences are at the P=0.05, unless otherwise indicated.
Results and Discussion: In 2003, incidence of spot anthracnose on the bracts
of the ‘Cloud 9’ and ‘Cherokee Chief’ ﬂowering dogwoods was very similar across
all rates of nitrogen (data not shown). Spot anthracnose bract ratings were
signiﬁcantly affected by dogwood cultivar. Overall disease incidence was lower
on ‘Cherokee Chief’ than ‘Cloud 9’ (Table 1). On the trees that were not treated
with Heritage fungicide, characteristic symptoms of this disease were found on
the bracts of over 25% of the blooms on ‘Cloud 9’ compared with less than 10%
on ‘Cherokee Chief’. Across all rates of nitrogen, Heritage fungicide signiﬁcantly
reduced the percentage of spot anthracnose-damaged blooms of ‘Cherokee
Chief’ and ‘Cloud 9’.
Nitrogen rate did not signiﬁcantly inﬂuence the incidence of spot anthracnose on
the leaves on either ﬂowering dogwood cultivar. Since the interaction for nitrogen
rate x dogwood cultivar was not signiﬁcant, the impact of nitrogen rate on the
spot anthracnose incidence on the leaves of ‘Cloud 9’ and ‘Cherokee Chief’
followed the same pattern. However, ‘Cloud 9’ was more susceptible to spot
anthracnose than ‘Cherokee Chief’ (Figure 1). Fungicide treatment signiﬁcantly
reduced the incidence of spot anthracnose. At all nitrogen rates and rating dates,
the percentage of diseased leaves on the untreated ‘Cloud 9’ was greater than
60% compared with about 12% for ‘Cherokee Chief’ (Table 1) (Figure 2). Spot
anthracnose incidence was reduced with Heritage by approximately 38% and
47% on ‘Cherokee Chief’ and ‘Cloud 9’, respectively. Also, fewer lesions and less
leaf distortion were seen on the leaves of the fungicide-treated dogwoods.
Overall, powdery mildew incidence was relatively low in 2003. Regardless of
nitrogen rate, dogwood cultivar, or fungicide treatment, little if any increase in
the percentage of leaves colonized was seen between the May and July rating
dates (Figure 3). As previously observed with spot anthracnose, nitrogen did not
signiﬁcantly inﬂuence the development of powdery mildew. In addition, powdery
mildew incidence on both dogwood cultivars was similar. Signiﬁcant reductions in
disease incidence were obtained with Heritage fungicide on both the ‘Cherokee
Chief’ and ‘Cloud 9’ ﬂowering dogwoods (Table 1).
As indicated by a signiﬁcant nitrogen rate x cultivar x fungicide interaction,
nitrogen rate had a signiﬁcant impact on the severity of Cercospora leaf spot
severity on the fungicide treated ‘Cloud 9’ but not on the untreated ‘Cloud 9’ as
well as on the treated and untreated ‘Cherokee Chief’ ﬂowering dogwood (Figure
4). On the fungicide-treated ‘Cloud 9’, the level of leaf spotting and defoliation
declined as nitrogen rates increased. Differences in leaf spotting and defoliation
were most noticeable between the highest and lowest rates of nitrogen. By midNovember, the level of defoliation for the treated ‘Cloud 9’ at the 37.5 pounds of
nitrogen per acre rate was over 87% compared with nearly 60% for the same
cultivar maintained at the 600 pound per acre of nitrogen.
Onset of Cercospora leaf spot occurred on both the untreated ‘Cloud 9’ and
‘Cherokee Chief’ before the August 19 rating date (Figure 5). On that date,
approximately 35 to 40% of the leaves on both dogwood cultivars displayed
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typical leaf spot symptoms. A low level of premature defoliation (< 6%) on the
untreated trees both cultivars was also seen. Within a month, the percentage
of disease leaves on ‘Cloud 9’ and ‘Cherokee Chief’ exceeded 87%. Defoliation
levels between mid-August and mid-September increased from approximately
2 and 4% on the untreated ‘Cherokee Chief’ and ‘Cloud 9’ to over 12 and 25%,
respectively. By mid-November, the untreated dogwoods were almost completely
defoliated. While the late summer defoliation rate was slightly slower for
‘Cherokee Chief’ than ‘Cloud 9’, the overall rate of disease development on both
dogwood cultivars in the fall was equally rapid.
The Heritage fungicide program noticeably slowed the intensiﬁcation of
Cercospora leaf spot on both dogwood cultivars (Table 1). On August 19, the
percentage of diseased leaves was just over 3% for the treated ‘Cloud 9’ and
‘Cherokee Chief’ compared with nearly 50% for the untreated trees of both
cultivars (Figure 4). While the level of leaf spotting on both cultivars sharply
intensiﬁed between the August 19 and September 20 rating dates, defoliation
levels for the treated dogwood, regardless of nitrogen rate, averaged less than
3%. By mid-November, the level of leaf spotting on the treated dogwood was
in the 90% range compared with over 97% for the untreated trees. However,
defoliation levels on the fungicide-treated trees of both cultivars were nearly half
that of the 97% level recorded for the untreated ‘Cloud 9’ and ‘Cherokee Chief’.
Trunk diameter was signiﬁcantly impacted by nitrogen rate. As expected, trunk
caliper increased as the rate of nitrogen was raised from 37.5 to 600 pounds per
acre (data not shown). Similar increases in trunk diameter were noted on both
dogwood cultivars. The increase in trunk diameter was higher for the fungicide
treated than the untreated trees of both cultivars. Again, the inﬂuence of fungicide
inputs on the trunk caliper of the two dogwood cultivars was similar.
Unlike trunk diameter, tree height of both ‘Cloud 9’ and ‘Cherokee Chief’ was not
affected by nitrogen rate. ‘Cherokee Chief’ demonstrated a faster growth rate
between February 2001 and January 2004 than ‘Cloud 9’.
Correlation analysis showed that the AUDPC for spot anthracnose and
Cercospora leaf spot were correlated to reductions in tree height and trunk
diameter. Powdery mildew incidence was not related to tree growth.
Relatively few studies have examined the impact of nitrogen fertilization rate
on the development of tree and shrub diseases. Previously, higher rates of
nitrogen were linked with reduced severity of leaf spot and blight diseases of
several tropical herbaceous perennials, shrubs, and trees. In this study nitrogen
rates ranged from four times below to four times above the recommended
annual nitrogen fertilization rate for ﬂowering dogwood of approximately 150
pounds of nitrogen per acre. Overall, nitrogen fertilization rate had little impact
on the incidence and severity of spot anthracnose and Cercospora leaf spot on
ﬂowering dogwood, particularly on the trees receiving preventative treatments of
the fungicide Heritage. Due to low disease incidence, the impact of nitrogen rate
on the development of powdery mildew could not be determined.
In contrast, cultivar selection and especially the preventative fungicide program
consistently had a signiﬁcant impact on incidence of all three diseases. As
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previously noted by Hagan et al (4), ‘Cloud 9’ was considerably more susceptible
to spot anthracnose than ‘Cherokee Chief’. Unlike the results of this previous
Alabama study (4), both ﬂowering dogwood cultivars proved equally susceptible
to powdery mildew. In addition, Mmbaga and Sauve (7) recently reported that
‘Cloud 9’ and ‘Cherokee Chief’ had similar powdery mildew ratings over a
ﬁve-year period. While differences in the level of Cercospora leaf spot-related
leaf spotting and premature leaf shed can be seen between native seedling
dogwoods in residential landscapes, no information is available concerning
the sensitivity of ﬂowering dogwood cultivars to this disease. During early
stages of disease development, ‘Cherokee Chief’ was slightly less susceptible
to Cercospora leaf spot than ‘Cloud 9’. By mid-fall, however, the level of leaf
spotting and premature lead shed on both dogwood cultivars was so high that the
expected fall color display failed to occur.
The preventative Heritage program was incorporated so the impact of
nitrogen rate on tree growth could be assessed without interference from spot
anthracnose and powdery mildew. Heritage gave excellent control of both of the
above diseases. While the applications ceased in mid-July, leaf spotting and
premature defoliation attributed to Cercospora leaf spot was greatly suppressed
on both dogwood cultivars through mid-November. In fact, good fall-color was
noted in late October through mid-November only on the Heritage-treated
dogwoods.
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Table 1. Effect of fungicide inputs on the incidence of spot anthracnose and
Cercospora leaf spot on ‘Cherokee Chief’ and ‘Cloud 9’ ﬂowering dogwood
in 2003.
Spot Anthracnose
Cercospora Leaf Spot
Avg. Leaf
Powdery Mildew
Spotting
Avg. Incidence Avg. Leaf Spotting Avg. Defoliation
Fungicide

Cherokee Cloud Cherokee Cloud Cherokee
Cherokee
Chief
9
Chief
9
Chief Cloud 9 Chief Cloud 9

Untreated

4.8 az

7.5 a

2.5 a

2.4 a

9.2 a

9.5 a

6.4 a

7.1 a

Treated

2.7 b

3.9 b

1.1 b

1.0 b

5.4 b

6.4 b

3.3b

4.2 b

z

Means followed by the same letter in each column are not signiﬁcantly different according to Fisher’s
least signiﬁcant difference (LSD) test (P=0.05).

Figure 1. Impact of nitrogen rate on the severity of spot anthracnose on the
leaves of two cultivars of ﬂowering dogwood that were treated with Heritage
fungicide (FT) or left untreated (UT).
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Figure 2. Average spot anthracnose ratings for the fungicide-treated (FT) and
untreated (UT) ‘Cherokee Chief’ and ‘Cloud 9’ ﬂowering dogwood in 2003.

Figure 3. Incidence of powdery mildew on fungicide (FT) and untreated
‘Cherokee Chief’ and ‘Cloud 9’ ﬂowering dogwood in 2003.
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Figure 4. Impact of nitrogen rate on average leaf spot (A) and defoliation (B)
rating on fungicide treated (FT) and untreated (UT) ‘Cloud 9’ and ‘Cherokee
Chief’ ﬂowering dogwood.
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Figure 5. Increase in leaf spotting and defoliation due to Cercospora leaf spot
on fungicide-treated (FT) and untreated (UT) ‘Cherokee Chief’ ﬂowering dogwood
over time, 2003.
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Seed-borne Diseases of Dogwood
Emmanuel Nnodu, Frank Mrema, and Ainong Shi
Institute of Agriculture and Environmental Research, Otis L. Floyd Nursery
Research Center, Tennessee State University, McMinnville, TN 37110
Index Words: Dogwood, seed-borne disease, relative growth rate
Signiﬁcance to Industry: Seed-borne diseases may affect dogwood production
by reducing seed germination. In order to control the diseases, the causal
organisms have to be identiﬁed. Once these are known, the next step will be to
control them. This work will provide information on the importance of seed-borne
diseases.
Nature of Work: Dogwoods are important ornamental plants grown in many
parts of the United States and account for over $40 million of Tennessee’s $200
million in annual nursery sales (2). Seeds are regarded as the most vital basic
and critical input for sustaining agriculture (3); the production and maintenance
of healthy seeds are therefore very important. Many fungi, bacteria and viruses
invade seeds during their developmental stages and during harvesting and
storage (7). Seed-borne diseases can cause poor seed germination and/or
become a source of infection of seedlings. The role of seed-borne diseases
in dogwood is not well understood. This study therefore was conducted to
investigate the role of seed-borne pathogens on seed germination in dogwood.
Isolation and Identiﬁcation
Dogwood seeds were obtained from the following four locations: two in Warren
County, Tennessee, and two from commercial suppliers in Montana and
Pennsylvania. Two hundred seeds from each location were surface disinfected
for 10 minutes in 1% sodium hypochlorite solution and washed in three changes
of sterile distilled water. The seeds were placed in 5.5 mm petri dishes containing
potato dextrose agar (PDA) and 166 mg/ml chloramphenicol. Plates were
incubated for 7 days at 25C after which the number of seeds with infection was
counted and fungal pathogens isolated.
Evaluation of fungal isolates for enzyme production
Isolated organisms were cultured on 2.5% malt extract agar (MEA) containing
0.1% guaicol (6). Cultures were excised with a 0.5 mm cork borer, placed in the
middle of a petri dish, and incubated at 25C for two weeks. Cultures producing
a strong violet color change in the media were regarded as strongly positive, a
medium color change as medium positive, a little color change as weak positive,
and those with no change in color as negative for enzyme production that is
normally associated with pathogenesis.
Pathogenicity Tests
The isolated pathogens were tested on greenhouse-grown disease-free
dogwood seedling at the 2-leaf stage. Plants were carefully removed from the
growing medium and all soil particles washed off with sterile distilled water. The
roots were inoculated by immersing them in spore suspensions (105-106/ml)
of the various isolated organisms for 30 minutes. Roots of control plants were
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immersed in sterile distilled water. Infested seedlings were transplanted into
sterile potting media. Each isolate was replicated on ten seedlings. The plants
were kept in 100% humidity chamber for one day after which they were moved to
greenhouse environment at 13-26C. The total dry weight and root dry weight of
ﬁve plants were determined at the onset of the trial. Plant height was measured
weekly and dead plants were noted. The plants were watered when necessary.
After one month, ﬁve plants from each treatment were uprooted, washed and
dried to a constant weight in an oven set at 80C. Total dry weight and root dry
weight were determined. Relative growth rates (RGR) and shoot/root ratios
were determined. The RGR was determined according to the following formula
used by Slim and Pitman (1983). RGR = (logeW2 – logeW1)/∆t where W2 = Dry
weight of plant (g) at harvest, W1 = Dry weight of plant (g) at the beginning,
and ∆ = Difference in time (days). The organisms obtained from the seeds were
respectively re-inoculated on germinating seeds and attempts made to recover
the organisms from them.
Results and Discussion: The organisms isolated from the dogwood seeds were
Colletotrichum acutatum, Curvularia afﬁnis, Discula sp., Fusarium javanicum,
F. negundis, F. proliferatum, Penicillium griseoroseum, Trichoderma viride, and
an unknown bacterium. Identiﬁcation was carried out by the Plant Pathogen
Identiﬁcation Laboratory, North Carolina State University, Raleigh, NC.
Percentage infected seeds from the four locations are shown in Table 1. The
production of phenol oxidase enzyme by Bavendamn reaction is shown Table
2. The production of a positive reaction (violet color) in this test indicated the
organism is pathogenic to plants. Curvularia afﬁnis, P. griseoroseum and Discula
sp. produced very strong violet color change, F. proliferatum produced medium
violet color change, whereas F. negundis and an isolate of Colletotrichum
produced weak color change. Fusarium javanicum and the bacterial isolate
were negative. The strong violet color change indicated that the organisms were
pathogenic to dogwood whereas those that were not pathogenic did not show
any color change. The height of plants after thirty days is shown in Table 3. Five
plants exposed to C. acutatum died; four exposed to F. negundis and one plant
exposed to C. afﬁnis died also. Plants exposed to F. negundis, C. acutatum and
C. afﬁnis were signiﬁcantly shorter than those of the control. Fusarium javanicum
and Colletotrichum sp. infected plants were not signiﬁcantly different from the
control.
Data showed a relationship between exposure to C. acutatum, C. afﬁnis, and
F. negundis, which had signiﬁcantly lower shoot to root ratios when compared
to F. javanicum (Table 3). Plants exposed to C. acutatum, C. afﬁnis and F.
javanicum had lower relative growth rate (RGR) values than plants exposed to
Colletotrichum sp. and F. negundis. The control had the greatest RGR, which
suggested that the plants were using more resources for growing whereas in
C. acutatum, C. afﬁnis and F. javanicum treated plants were using some of their
resources for resisting infection by the pathogens (9). The pathogenicity of the
isolates was conﬁrmed by re-isolating C. acutatum, C. afﬁnis and F. negundis
from dogwood plants thereby conﬁrming their pathogenicity. These results
indicate that C. acutatum, C. afﬁnis and F. negundis are pathogenic to dogwood.

244

Pathlogy and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005
Literature Cited:
1.

Abid M., Qayyum, A., Dasti, A.A. and Najid, A. 2001. Effect of salinity and
SAR if irrigation water on ﬁeld, physiological growth parameters of maize
(zea mays) and properties of the soil.

2.

Bradford, D. R. 1989. Isolation and partial characterization of tobamovirus
from ﬂowering dogwood in Tennessee. Plant Dis 73:174-176.

3.

Chiarappa L. 1992. Worldwide losses due to seed-born disease. Keynote
address presented at the Proc. CTA seminar on Seed Pathology.
Copenhagen, Denmark pp2—25.

4.

Khan, A. N., Qureshi, R. N. and Ahmad, A. 2004. Salt tolerance of cotton
cultivars in relation to relative growth rate in saline environments. Intl. J. of
Agri. Biol. 6(5) 786-787.

5.

Lanqerak, C. J. 1988. Seed-borne diseases and seed production in the
Netherlands. Pages 97-104 in S. B. Mathur and J. Jorgenson (Ed.) Seed
Pathology. Proc of CTA Seminar. Copenhagen Denmark June 20-25, 1988.

6.

Mrema, F. A. Asiegbu, F. O. Rosling, and Wahistrom, K. 2003.
Characterization of fungal isolates from Newtonia buchauanii montane rain
forest in Tanzania. Proc 10th Conf. on root and buttrot p.323-332.

7.

Neergard, P. 1977. Seed Pathology. MeMillan Press, London and
Basingstoke.

8.

Singh, R. S. and Singh, V. 2003 Growth and development inﬂuences by size,
age, and planting methods of Cladodes in Cactus pear (Opuntia ﬁcus-indica
L. mill.) J. PACD-2003

9.

South, B. D. 1955. Relative growth rates. A. Critique South African Forestry
Journal 173:43-48.

Table 1. Percentage of organisms isolated from dogwood seeds.
Location

% infected seeds

Montana commercial supplier

48.7

Warren Co. location 1

19.3

Warren Co. location 2

12.7

Pennsylvania commercial supplier

0.0
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Table 2. Production of phenol oxidate enzyme by Bavendamn reaction from
different isolates.
Isolate

Enzyme Tests
Strong
Positive

Collototrichum acutatum

Medium
Positive

Weak
Positive

Negative

+++

Collototrichum acutatum

+

Fusarium negundis

+

F. proliferatum

++

F. javanicum

-

Discula sp.

+++

Penicillium griseoroseum

+++

Bacterium

-

0 = Negative
1 – 10 mm = + Weak positive
11 – 20 mm = ++ Medium positive
21 – 30 mm = +++ Strong positive
Table 3. The effect of dipping roots in culture suspensions of fungi, height, shoot
to root ratio and relative growth rate of dogwood plants.
Organism

Height

Shoot to root
ratio

Relative growth rate

Colletotrichum acutatum 1.96 ab

1.81 a

0.0364

Curvularia afﬁnis

1.78 ab

1.42 ab

0.0357

Colletotrichum sp.

1.43 a

1.82 ab

0.0473

Colletotrichum sp.

2.70 bc

1.93 b

0.0477

Fusarium negundis

1.35 a

1.84 ab

0.0406

F. javanicum

2.42 bc

2.06 bc

0.0371

F. tricinctum

2.47 bc

2.64 c

0.0462

control

2.82 c

1.87 b

0.0631

The means followed by the same letter in the height and shoot to root ratio columns do not differ
signiﬁcantly (p = 0.05, Tukeys Test).

246

Pathlogy and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Development of Powdery Mildew on Resistant
and Susceptible Dogwood Cultivars
Y. H. Li1, M. T. Windham1, R. N. Trigiano1,
D. C. Fare2, J. M. Spiers3, and W. E. Copes3
1
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University of Tennessee, Knoxville, TN 37996-4560
2
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3
USDA/ARS Small Fruit Research Unit, Poplarville, MS 39470
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Index Words: dogwood, Cornus ﬂorida, resistance, Erysiphe pulchra
Signiﬁcance to Industry: To continue to develop new cultivars of ﬂowering
dogwood, it is necessary to understand how dogwoods resist the parasitism
by the powdery mildew fungus. This paper investigated the effects of dogwood
susceptibility to powdery mildew development on the detached leaf surface. Data
from these experiments could be used to develop a rapid method for evaluating
dogwoods for resistance to powdery mildew.
Nature of Work: Epidemics of powdery mildew caused by Erysiphe pulchra have
impeded ﬂowering dogwood (Cornus ﬂorida L.) production throughout the eastern
United States. Variation of resistance to E. pulchra among dogwood seedlings
was identiﬁed in greenhouses and nurseries (1,2,3).
In order to develop a rapid and convenient method for screening dogwood,
leaf disks of four cultivars, ‘Karen’s Appalachian Blush’, ‘Cherokee Brave’,
‘Cherokee Princess’, ‘Cherokee Daybreak’, and the two lines, MW 95-25 and
MW 94-60, of ﬂowering dogwood were inoculated in a settling tower by shaking
infected dogwood leaves with a blast of air. Inoculated leaf disks were placed
on two layers of moist ﬁlter papers in petri dishes and incubated at 20 °C with
a 19 h photoperiod. Disease severity was assessed as the percentage of leaf
area covered with sign of powdery mildew at 14 days after inoculation (dai).
Sporulation on the leaf disks was recorded according to scales ‘-’ to ‘+++’, where
‘-’ represented no sporulation and ‘±’ to ‘+++’ indicated the density of sporulation
from very sparse to abundant on powdery mildew colonies at 5 weeks after
inoculation. Latent period was deﬁned as the time at which conidiophores
and conidia were observed on inoculated leaf disks. Infection efﬁciency was
deﬁned as the percentage of inoculated conidia that formed colonies at 8 dai.
Percentages of conidium germination were assessed on a random sample of
100 conidia per leaf disk using a stereo microscope at 24 h after inoculation (hai).
Percentages of secondary appressorium formation and branched hyphal growth
of germinated conidia were assessed on cleared and stained leaf disks using a
compound microscope at 48 and 72 hai, respectively. The numbers of powdery
mildew colonies were counted under a stereo microscope and the infection
efﬁciency was calculated. All experiments were repeated three times with
three applications of leaf disks. Statistical analyses were performed using SAS
(Version 8, SAS Institute Inc., Cary, NC). Effects of experiments and cultivars/
lines on variables were determined by analysis of variance (ANOVA) using GLM
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procedure. Mean separations for each variable were conducted using the least
signiﬁcant difference (LSD) test at P = 0.05.
Results and Discussion: The six ﬂowering dogwood cultivars/lines tested
were separated into the following three resistant levels based on disease
severity (Fig. 1) and sporulation: susceptible (‘Cherokee Daybreak’ and
MW 94-60), moderately susceptible (‘Cherokee Princess’ and MW 95-25)
and resistant (‘Cherokee Brave’ and ‘Karen’s Appalachian Blush). In two
resistant cultivars, ‘Cherokee Brave’ supported very little sporulation, whereas
sporulation on ‘Karen’s Appalachian Blush’ was so sparse that it was visible only
microscopically.
No signiﬁcant differences were observed for percentages of spore germination
(P
P = 0.0745) and germinated conidia with secondary appressoria (P = 0.2661)
among any dogwood cultivars/lines. Percentages of germinated conidia with
branched hyphae and values of infection efﬁciencies were signiﬁcantly greater
on susceptible cultivar/line, ‘Cherokee Daybreak’ and MW 94-60, than the other
four resistant and moderately susceptible cultivars/lines (Fig. 2 and 3). However,
there were no differences in latent period between susceptible and moderately
susceptible lines (Fig. 4). Resistant cultivars/lines caused signiﬁcantly less
germinated conidia with branched hyphae, lower values of infection efﬁciency
and longer latent periods than susceptible lines. No signiﬁcant differences
in germinated conidia with branched hyphae and infection efﬁciencies were
detected between resistant and moderately susceptible lines. However, on
resistant cultivars, growth of branched hyphae had stopped or was restricted to a
small area. Resistant lines had signiﬁcantly longer latent period than moderately
susceptible lines. The latent period of cultivar ‘Karen’s Appalachian Blush’ was
19 days longer compared to ‘Cherokee Brave’, although both cultivars were
considered to be resistant to powdery mildew.
The results indicate that inhibition of conidium germination and appressorium
formation are not involved in resistance to powdery mildew. Differences
in infection efﬁciency, latent period, colony development, sporulation and
germinated conidia with branched hyphae could be used as resistance
components to evaluate dogwood cultivars and selections for resistance to
powdery mildew in a laboratory.
Literature Cited:
1.

Hagan, A. K., Hardin, B., Gilliam, C. H., Keever, G. J., Williams, J. D.,
and Eakes, J. 1998. Susceptibility of cultivars of several dogwood taxa to
powdery mildew and spot anthracnose. J. Environ. Hort. 16:147-151.

2.

Windham, M. T. and Witte, W. T. 1998. Naturally occurring resistance to
powdery mildew in seedlings of Cornus ﬂorida. J. Environ. Hort. 16:173-175.

3.

Windham, M. T., Witte, W. T., and Trigiano, R.N. 2003. Three white-bracted
cultivars of Cornus ﬂorida resistant to powdery mildew. HortScience
38:1253-1255.

248

Pathlogy and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005
Fig 1. Disease severities of powdery mildew on six ﬂowering dogwood cultivars
and lines.

Fig 2. Comparisons of percentages of geminated conidia with branched hyphae
on six ﬂowering dogwood cultivars and lines.

Fig 3. Comparisons of infection efﬁciencies of Erysiphe pulchra on six ﬂowering
dogwood cultivars and
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Fig 4. Comparisons of latent periods of powdery mildew on six ﬂowering
dogwood cultivars and lines.
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PCR-based Analysis of Colletotrichum
acutatum in Flowering Dogwood
Ainong Shi, Emmanuel Nnodu, Margaret T. Mmbaga and Frank Mrema
Institute of Agriculture and Environmental Research, Otis L. Floyd Nursery
Research Center, Tennessee State University, McMinnville, TN 37110
ashi@tnstate.edu
Index Words: Colletotrichum acutatum = Glomerella acutata, ﬂowering
dogwood, Cornus ﬂorida, ITS, PCR
Signiﬁcance to Industry: Limb dieback of ﬂowering dogwood caused by
Colletotrichum acutatum was recognized as the main disease of ﬂowering
dogwood in Florida (6, 7) and may be a potential severe disease in other area
because this fungus is a seed-borne disease (2). This research provides a fast
and reliable tool to identify and detect this pathogen not only existed in dogwood
leaves and stems, and also in dogwood seeds.
Nature of Work: Colletotrichum acutatum was a severe disease in many crops
including the nursery crops; particularly infect fruits (1-7). In ﬂowering dogwood,
C. acutatum was ﬁrst reported as the limb dieback disease in 1993 (3). Recently,
C. acutatum was recognized as the main disease of ﬂowering dogwood in
Florida (6, 7). Their studies indicated that the leaf spot, twig and limb blight,
and trunk canker aspects of the disease were all caused by the same fungus.
Colletotrichum acutatum was also reported as a seed-borne disease that caused
damping-off (2) and also infected dogwood fruits (5). We have isolated this
pathogen from dogwood leaves, stems and seeds on naturally infected ﬂowering
dogwood in Nursery Research Center, McMinnville, TN.
Genomic DNA was extracted from C. acutatum grown on media and infected
dogwood leaves, stems and seeds using the DNeasy Plant Mini Kit (Qiagen Inc,
Valencia, CA) following the protocol from the company. The PCR ampliﬁcation
was performed in a DNA thermal cycler following standard PCR procedures with
minor modiﬁcations. Each 50 ul PCR reaction mixture consisted of 36 ul sterile
ddH2O, 5 ul 10X PCR buffer, 3 ul MgCl2 (25 mM), 1.5 ul dNTP (10mM total,
2.5 mM each), 1.5 ul primer each (20 ng/ul), 0.2 ul Taq polymerase (Promega)
(5 u/ul), and 1.3 ul template DNA (20 ng/ul). PCR cycles consisted of an initial
denaturation step at 940 C for 5 min followed by 42 cycles 1 min at 93º C
(denaturation), 1 min at 30º to 60º C (annealing), 2 min at 72º C (extension).
The annealing temperature was set usually ﬁve degrees less than the primer
Tm (Tm – 5) for the PCR reaction. An extension cycle at 72º C for 5 min was
used to terminate the reaction and ﬁnally at 40º C soak. The PCR products were
visualized in 1.0-1.3% agarose gel in 1X TBE, stained with ethidium bromide.
Two universal primers, ITS1-F and ITS4 for ITS region, ﬁve ITS species-speciﬁc
primers, Ca-f1, Ca-f2, Ca-r1, Ca-r2, and Ca-r3 designed from C. acutatum
ITS region, four speciﬁc primers, CaGlu-f1, CaGlu-r1, CaGlu-f2 and CaGlu-r2
designed from the GenBank accession number F285766 of Glomerella acutata
strain MYA-662 glutamine synthetase gene, intron sequence, and two speciﬁc
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primers CaKl-f and CaKl-r designed from the GenBank accession number
AY918714 for G. acutata key lime pathogenicity protein gene sequence were
used in this research (Table 1). All speciﬁc primers were designed using the
program Primer3 (http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi)
and were used to amplify the ITS region and speciﬁc loci in C. acutatum by a
general PCR procedure described above. The PCR products were sequenced
by Davis Sequencing Inc at Davis, CA (http://www.davissequencing.com). Before
sequencing of PCR product, PCR product were puriﬁed by use of QIA quick PCR
Puriﬁcation Kit (Qiagen Inc, Valencia, CA) (http://www.qiagen.com) following the
instructions of the protocol from the company. After obtaining the sequences
from Davis Sequencing Inc., the sequences were analyzed and compared with
all sequences of ITS region in GenBank by use of Blast (http://www.ncbi.nlm.nih.
gov/BLAST/) for similarity analysis.
Results and Discussion: The primer pair ITS1-F/ITS4 produced a 622 bp
fragment (Fig. 1) (Table 2). The sequence from this PCR product was 100%
(619/619) matching to that in ITS region of GenBank accessions AJ301964,
AJ301951, AJ301950, AJ301932, and AJ301922 of C. acutatum in host Lupinus
albus. Comparing to other Colletotrichum species, this sequence was 99%
(614/619) to AJ301975 of C. lupini, 99% (580/584) to AB042312 of C. carthami
and; 97% (606/619) to AJ301952 of C. gloeosporioides. Six primer pairs in
combination of two forward primers ca-f1 and ca-f2 and three reversal primers
ca-r1, ca-r2, and ca-r3 showed speciﬁc bands for C. acutatum (Fig. 2 and Table
2) and the six primer pairs did not produce any bands for all other ten tested fungi
including Acremonium alternatum, Alternaria alternata, Botryosphaeria dothidea,
Botrytis cinerea, C. gloeosporioides, and Phomopsisi eucommicola. The six
primer pairs were used to detect C. acutatum in dogwood seeds and veriﬁed
C. acutatum was a seed-borne disease.
The primer pair CaGlu-f1/CaGlu-r1 produced a 517 bp fragment for C. acutatum
(Lane 1 & 2 in Fig. 3). Partial sequence of the PCR product ampliﬁed from the
primer pair CaGlu-f1/CaGlu-r1 was published in GenBank with the accession
number DQ062674 and this sequence was 96% (365/377) matching to the
AF285765 and 96% (363/377) to the AF285766 of C. acutatum glutamine
synthetase gene, intron sequence, and 66.7% matching to L78067 of
C. gloeosporioides glutamine synthetase (gln) gene. The primer pair CaGlu-f2/
CaGlu-r2 a 501 bp fragment for C. acutatum (Lane 3 & 4 in Fig. 3). The primer
pair CaKl-f/CaKl-r produced a 596 bp fragment for C. acutatum (Lane 5 & 6
in Fig. 4). Partial sequence of the PCR product ampliﬁed from the primer pair
CaKl-f/CaKl-r was published in GenBank with the accession number DQ062675
and this sequence was 96% (527/544) matching to the AY918714 of C. acutatum
key lime pathogenicity protein gene. These PCR-based assays will provide a fast
tool to identify and detect C. acutatum and also provide an approach for further
characterization of pathogenicity related genes.
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Table 1. Primers and their properties.
Primer
name1

Sequence

ITS1-F

cttggtcatttagaggaagtaa

22

60.00 1-22

ITS4

tcctccgcttattgatatgc

20

58.35 622-603

DQ062670

Ca-f1

tgaacatacctaaccgttgc

20

60.40 95-104

DQ062670

Ca-f2

ccggaggaaaccaaactcta

20

60.40 189-208

DQ062670

Ca-r1

agggtccgccactaccttta

20

62.45 478-459

DQ062670

Ca-r2

tcccagtgcgagacgttag

19

62.32 521-503

DQ062670

Ca-r3

ggggttttacggcaagagtc

20

62.45 549-530

DQ062670

CaGlu-f1

agctcgctattccaccagaa

20

59.98 93-112

AF285766

CaGlu-r1

ttgcaagacctccaataccc

20

59.93 609-590

AF285766

CaGlu-f2

cgttcacgacaaacaccttg

20

60.19 4-23

AF285766

CaGlu-r2

atcgagtcgtgatcgaatcc

20

60.04 505-486

AF285766

CaKl-f

agagctggcaaatctccaaa

20

59.96 679-698

AY918714

CaKl-r

ccgagtggcgtttatttgtt

20

60.00 1274-1255

AY918714

1

(5‘ 3‘)

Size

Tm

Position2

GenBank
accession3

Primer were made of from Operon.com. ITS1-F, Ca-f1, Ca-f2, CaGlu-f1, CaGlu-f2, and CaKl-f are
forward primers and ITS4, Ca-r1, Ca-r2, Ca-r3, CaGlu-r1, CaGlu-r2 and CaKl-r are revere primers.

Position means where the primer is located at corresponding locus of GeneBank accession, such as the
primer CaGlu-f1 is located at 93 to 112 base of AF285766.
2

3

AF285766: GenBank accession number for Glomerella acutata strain MYA-662 glutamine synthetase
gene, intron sequence and AY918714: GenBank accession number for Glomerella acutata key lime
pathogenicity protein gene, complete cds.
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Table 2. Designed primer pairs and their expected PCR sizes.
Primer pair

Expected size

PCR Band

ITS1-F/ITS4

622 bp

620 bp

CaGlu-f1/CaGlu-r1

517 bp

520 bp

CaGlu-f2/CaGlu-r2

501 bp

500 bp

CaKl-f/CaKl-r

596 bp

600 bp

Ca-f1/ca-r1

384 bp

385 bp

Ca-f1/ca-r2

427 bp

430 bp

Ca-f1/ca-r3

455 bp

455 bp

Ca-f2/ca-r1

290 bp

290 bp

Ca-f2/ca-r2

333 bp

330 bp

Ca-f2/ca-r3

361 bp

360 bp

Fig. 1. Two PCR bands ampliﬁed from the primer pair ITS1-F/ITS4 in C.
acutatum. Lane M is a 100 bp molecular-weight marker.
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Fig. 2. PCR bands ampliﬁed from six primer pairs in C. acutatum: (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.

Fig. 3. PCR bands ampliﬁed from three primer pairs in two sample of C.
acutatum: (1) CaGlu-f1/CaGlu-r1 (Lane 1 to 2); (2) CaGlu-f2/CaGlu-r2 (Lane 3
to 4) and; (3) CaKl-f/CaKl-r (Lane 5 to 6). Lane M is a 100 bp molecular-weight
marker.

Pathlogy and Nematology Section

255

SNA RESEARCH CONFERENCE - VOL. 50 - 2005

Biological Control of Powdery
Mildew of Flowering Dogwood
F. A. Mrema, M. T. Mmbaga, and A. Shi
Tennessee State University, Otis L. Floyd Nursery
Research Center, McMinnville, TN 37110
mmmbaga@tnstate.edu
Index Words: Erysiphe (Sect. Microsphaera) pulchra, biocontrol, hyperparasite,
Cornus ﬂorida, biopesticides
Signiﬁcance to Industry: Biological agents that are effective in powdery mildew
disease management have been identiﬁed in this study. It is an important step
towards the development of microbial pesticides that can provide an alternative
to conventional fungicides and help reduce the amount of fungicides used in
dogwood production.
Nature of Work: Powdery mildew is a common disease in many nursery
crops and it is one of the most important disease constraints in dogwood
production (Mmbaga 2000). Different approaches can used to control powdery
mildew, but fungicide applications have become a routine practice in nursery
production system (Windham 1995). This practice has a detrimental effect on
the environment and non-target organisms that may provide a buffering effect on
powdery mildew disease severity. In order to reduce fungicide usage in nursery
production system, alternative disease management practices are needed. The
potential use of biorational products as an alternative to fungicides has been
reported (Mmbaga and Sheng 2002, Mmbaga and Sauve 2004). In addition,
previous study has also indicated that biological agents may have potential in
powdery mildew disease management (Mmbaga et al. 2003). Flowering dogwood
growing in the wild did not develop severe symptoms of powdery mildew whereas
plants in nursery production system displayed severe powdery mildew symptoms
(Mmbaga et al. 2003). While different factors may have played a role in the low
disease incidence in the wild, the buffering effect of microbial populations in the
wild could not be ruled out. Some fungi (including yeast) and bacteria isolated
from dogwood foliage in the wild reduced powdery mildew disease severity and
showed potential as biocontrol agents
Previous studies on other crops have shown that biological agents have great
potential in the control of powdery mildew (Kiss 2003, Elad 2000, Elad et al.
1996, Sztejnberg et al. 2004). Nearly 40 fungi species have been documented
to be antagonistic to powdery mildew and some of the fungi have been used to
develop microbial pesticides for powdery mildew. However, there is a dearth of
information on biological control of powdery mildew in ornamental plants. The
objective of this study was to evaluate the effect of 14 fungi on powdery mildew
disease severity in ﬂowering dogwood. The 14 fungi isolates were previously
collected from dogwood foliage in the wild and stored in 10% glycerol at -20°C.
Each fungus was grown on 2% potato dextrose agar (PDA) and incubated at
24±2°C for 2 to 4 weeks. Spores were washed from the petri plates using 10 to
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12 ml of sterile water and passed through four layers of cheesecloth. The spore
suspension was diluted to 104 - 106 spores/ml and used as biocontrol inoculum.
Disease free seedlings of ﬂowering dogwood at 2 - 4 leaf stage were spray
inoculated with the biocontrol agents, 6 plants per fungus isolate. The inoculated
plants were allowed to air dry for 1 – 2 hours before they were incubated at 100%
relative humidity (RH) for 24 to 36 hours. Plants sprayed with either fungicide
thiophenate methyl (Cleary’s 3336 F®) or sterile water were used as positive
and negative controls respectively. After the incubation period all plants were
inoculated with E. pulchra conidiospores from previously infected leaves using
spore ﬂoatation technique from a spore-tower inoculation system (Mmbaga
et al. 2003). Plants treated with different biocontrol agents were arranged in
a randomized complete block design with six replicates of individual plants
and maintained in green house environment at 24±2°C. Continuous source
of inoculum was provided from previously infected plants that were scattered
randomly within the experimental block. The application of biocontrol agents
was repeated two weeks following inoculation with powdery mildew. Disease
development was monitored regularly and disease severity was evaluated weekly
starting from day 7, 14, 21, 28, 35, and 42 after inoculation with powdery mildew.
Disease severity was evaluated using a 1-5 rating scale where 1 = 1-10%, 2 =
11-25%, 3 = 26-50%, 4 = 51-75% and 5 = 75-100% foliage covered with powdery
mildew symptoms. Disease evaluation was terminated when the negative
control had 100% infection on all plants. Data was analyzed using analysis of
variance (ANOVA) performed using SYSTAT 11.0 software. Paired t-test was
performed to compare mean disease severity from plants treated with different
biocontrol agents.
Results and Discussion: Powdery mildew disease symptoms were ﬁrst
observed 5 days after inoculation with the pathogen and many treatments
showed disease symptoms. Powdery mildew disease severity increased
gradually in all treatments and by day 42, the non-treated treatment control plants
that were spayed with sterile water reached a rate of 5 with more than 75% of
plant foliage covered with disease symptoms. The foliage in several treatments
developed low disease severity as compared to the non-treated plants and
these included treatments that had a rating scale below 3 (<50%); differences
of more than 30% were statistically signiﬁcant. Such treatments were selected
for having potential as biocontrol agents. Out of 14 fungi, 4 fungi identiﬁed as
Acremonium alternatum, Penicillium spp., Cladosporium spp., and Trichoderma
viride suppressed powdery mildew disease severity below 50% (Fig.1 A-D).
Acremonium alternatum and Penicillium spp. and Cladosporium spp. were most
effective in reducing disease severity to 23.3, 36.7 and 38.3%, respectively
(Fig. 1 A-D). Paired sample t-test showed that the performance of A. alternatum
(Fig.1A) was similar to that of fungicide Cleary’s 3336 F® (P > 0.05). Acremonium
alternatum has been reported as a potential biocontrol agent of S. fuliginea of
Cucurbits (Kiss 2003). Acremonium spp. produces three types of extracellular
1 3 - ß-glucanase exo-enzymes (Jayus and Seviour 2002), but it is not yet
clear if their ability to produce exo-enzymes could have any inﬂuence on their
effect on powdery mildew disease severity in dogwood.
There are very few reports showing Penicillium spp. as biocontrol agents of foliar
fungal pathogens, but in our study, one Penicillium spp. suppressed powdery
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mildew (Fig. 1B). In one report, De Cal and Melgarejo (2001), showed that
repeated applications of P
P. oxalicum controlled fusarium wilt of tomato. Only
two applications of Penicillium spp. was done with a disease reading of 40%
after one application and 36.7% after the second application, perhaps more
applications of Penicillium would have continued to improve its effectiveness.
Treatment with Cladosporium spp. showed high disease severity with a trend
similar to the non-treated control, but the disease severity decreased to 38.3%
after the biocide application was repeated (Fig.1C). Since Cladosporium spp.
are known to be a mycoparasites, some establishment of powdery mildew on its
host may be required for the mycoparasite to be effective. Trichoderma spp. is
also known to be a common mycoparasites and some are reported as inducers
of systemic induced resistance in plants (Elad 2000). In one study, T. viride was
reported to hyper-parasitize mycelium of Colletotrichum truncatum, the causal
of brown blotch disease of cowpeas (Bankole and Adebanjo 1996). Disease
severity of foliage treated with T. viride (Fig.1D) did not differ much between the
ﬁrst and second inoculation. Induced resistance is an essential mode of biocontrol known to protect plants against soil or foliar pathogens (Elad 2000). More
studies are underway in shade house and in ﬁeld conditions to better understand
the potential of using the selected fungi as biocontrol agents in powdery mildew
disease managment.
Acknowledgement: The authors thank Eskandarnia, D. for her help in
fungal isolation and data collection. This study is funded by a USDA grant no.
203-38814-13921
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Figure 1(A-D): Effect of selected fungi on powdery mildew disease severity on
dogwood seedlings under greenhouse environment as compared to conventional
fungicide (-∆-) and non-treated control (- -): A) Acremonium alternatum;
B) Penicillium spp; C) Cladosporium spp; and D) Trichoderma spp.
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Genetic and Physical Characterization of Binucleate
Rhizoctonia Species Causing Web Blight on Azalea
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Southern Horticultural Laboratory,
306 South High Street, Poplarville, MS 39470
trinehart@ars.usda.gov
2
North Carolina State University (NCSU), Center for Integrated
Fungal Research (CIFR), Campus Box 7244, Raleigh, NC 27695

Index Words: Rhizoctonia, Web Blight, Azalea
Signiﬁcance to Industry: Web blight caused by species of Rhizoctonia is
an annual problem on container-grown azalea (Rhododendron spp.) during
nursery production in the southern U.S. While damage is not usually lethal,
infected plants are not saleable during the current year and growth is reduced.
The objective of this research was to characterize and identify the species of
Rhizoctonia that cause web blight in azalea production to better prevent and
control web blight infections.
Nature of Work: Azalea leaves with symptoms of web blight were collected from
one nursery in AL and one in MS in 2002, 2003, and 2004. Leaves were plated
on PDA and hyphal tips transferred to obtain pure cultures. Total genomic DNA
was isolated from all samples and subjected to PCR ampliﬁcation of the internal
transcribed regions (ITS1 and ITS2) of the ribosomal DNA (rDNA) repeats
using the primers and methods described by White et al. (5). Ampliﬁed DNA
was sequenced and data were analyzed to determine genetic relatedness of
the samples.
Mycelium growth rate at 21° and 30°C was recorded for each sample along
with colony morphology, pigmentation, and mycelium habit. Pathogenicity was
determined by rating disease severity (proportional leaf area) from a mean
of 14 leaves per detached stem that had been inoculated with a barley seed
colonized with a single Rhizoctonia isolate. Growth rate, disease severity and
other phentoypic traits were analyzed for differences between genetic groups.
Results and Discussion: From the 309 isolates six genetically distinct
phylotypes were identiﬁed using DNA sequence similarity matrices such that
the least similar pair within the phylotype was at least 99% similar (Table 1).
Two hundred and thirty-two isolates had average sequence similarities of 99.9%
and 99.7% for ITS1 and ITS2, respectively and were labeled group ‘A’. Fifty-two
isolates had at least 99.5% and 99.7% average sequence similarity and were
labeled group ‘B’. Phylotypes ‘A’ and ‘B’ were recovered from 11 azalea cultivars,
with 68% from ‘Gumpo’. Phylotypes ‘C’, ‘D’, ‘E’ and ‘F’ also contain samples
that are more than 99% similar but collectively only represent 8.1% of the total
samples.
Hyphal anastomosis group (AG) predictions were based on genetic relatedness
to reference samples as determined by maximum parsimony methods (Fig. 1).
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Phylotypes are represented by consensus sequences using strict majority rule
because of the high degree of sequence identity within each group. Sequence
data for group ‘A’ are closely related to reference isolates of binucleate
Rhizoctonia spp. that belong to AG-U (4). Sequence data from groups ‘C’, ‘D’,
‘E’, and ‘F’ cluster with reference isolates representing CAG7, AG-R, AG-T and
AG-G, respectively (Fig. 1). With the exception of group ‘B’, clade designations
and putative AG afﬁnities are supported by bootstrap values. Group ‘B’ appears
related to AG-U and group ‘A’, however a clade designation could not be resolved
using the reference sequences in GenBank.
Physical characterization was conducted for 194 isolates representing all six
clades. Neither nursery nor cultivar resulted in signiﬁcant differences due to
mycelial growth rates at 20°C and 30°C. Signiﬁcance due to phylotype occurred
at 20°C (P=0.0038), as AG-G had a slower mean growth rate than other
phylotypes which were not different from each other. Mean disease severity was
not signiﬁcantly different due to either phylotype or nursery. Phylotypes differed
in the proportional number of isolates with different percent tan area, distribution
of tan and dark zones, and mycelium habit and texture (data not shown), but a
speciﬁc phenotypic trait was not unique to a phylotype.
Overall, the genetic diversity of Rhizoctonia spp. recovered from azalea leaves
with web blight was low, with at least 75% of the isolates being binucleate
Rhizoctonia spp. belonging to AG-U. The recovery of a single, predominant
AG group suggests the teleomorphic state does not develop in this region or
the fungus is homothallic with little variation in the population. Since climatic
conditions are conducive for web blight (2) and web blight was not found on any
plant genera that are susceptible to web blight other than azalea at the locations
and time of the study, it is possible that the overall diversity of Rhizoctonia spp.
cable of causing web blight is low. This provides circumstantial evidence for host
speciﬁcity being a factor in the dominant build-up of AG-U. Other plant genera
develop Rhizoctonia web blight in the region, but less frequently than azalea. It is
not known if fungicide resistance from past use of fungicides affected population
selection. The current selection of fungicides readily controls symptoms of the
disease. The inﬂux and efﬂux of plant stock between nurseries was typical of
nurseries in the region.
The identiﬁcation of the phylotypes is supported by the high degree of sequence
identity among isolates and the high sequence similarity within groups.
Phylotypes are consistent between ITS1 and ITS2 data. Maximum parsimony
clustering and bootstrap replicates produced sufﬁcient phylogenetic support
for AG predictions and are currently being veriﬁed with hyphal anastomosis
experiments. Our results suggest that ITS data can be used to tentatively assign
AG status to a large sample of unknown isolates, especially given the increasing
number of reference sequences available for comparison. Comparable work has
already been published for R. solani where genetic variability within and between
closely related AGs has been established (4).
The growth rate, virulence, and phenotypic patterns of isolates within a phylotype
were variable without being unique to a phylotype. Furthermore, sequence
variation within phylotypes was not statistically correlated with any of the physical
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measures. The culture patterns of AG-U isolates collected from azalea were
similar to those reported on roses (3), with the exception that sclerotia were
never observed with azalea isolates.
This comprehensive genetic and physical characterization of web blight on
azaleas adds to the information available regarding binucelate Rhizoctonia spp.
The genetic identiﬁcation will provide a reliable method for sampling for the
binucleate Rhizoctonia spp. that cause web blight in future temporal and spatial
experiments.
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Table 1. Summary of the number of isolates collected in 2002, 2003, and 2004.

z

Phylotype (AG group)

MS totals

AL totals

% totals

A (AG-U)

112

120

75.1%

B (z)

18

34

16.8%

C (CAG7)

2

13

4.9%

D (AG-R)

5

2

2.3%

E (AG-T)

1

0

0.3%

F (AG-G)

1

1

0.6%

total

139

170

100%

Not determined at this time.
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Fig. 1. Consensus tree of 157 maximum parsimony trees was created from an
alignment of ITS1 and ITS2 sequences (478 nucleotides total). The tree length
was 438 steps with 211 variable and 153 were parsimony-informative sites.
Reference sequences are labeled by GenBank accession number followed
by AG designation. Phylotypes are represented by consensus sequences.
AG-C was used as the outgroup to root the tree. Bootstrap values are shown
above branches.
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Fig. 2. Seasonal distribution of the number of isolates per phylotype collected at
two nurseries in 2004.
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Alternaria Leaf Spot on Impatiens and Its Control
A. K. Hagan1, J. W. Olive2, and J. Stephenson2
Department of Entomology and Plant Pathology,
Auburn University, AL 36849
2
Ornamental Horticulture Research Center, Mobile, AL 36689-0276
haganak@auburn.edu
1

Index Words: chemical control, Chipco 26019, iprodione, Bayleton, triadimefon,
Phyton 27, copper sulfate pentahydrate, Daconil, chlorothalonil, 3336,
thiophanate-methyl, Banner MAXX, propiconazole, Heritage, azoxystrobin,
Compass, triﬂoxystrobin, Agrimycin 17, streptomycin sulfate, Eagle, myclobutanil
Signiﬁcance to Nursery Industry: Alternaria leaf spot is a new and potentially
damaging disease of some types of impatiens, particularly ﬂat and potted plants
in late March and April. Selected fungicides, when applied as a preventative
treatment, can protect greenhouse-grown impatiens from attack by Alternaria
fungi. Daconil Ultrex gave better control of this disease than most of the
fungicides screened. Care must be used when applying any Daconil or other
chlorothalonil formulation on impatiens. This fungicide will spot the petals on
impatiens blooms. While Compass and Heritage also gave superior control of this
disease, both fungicides reduced shoot growth by about 20% compared to the
untreated controls. Chipco 26019 also gave some control of this disease, but the
remaining treatments failed to appreciably slow disease spread.
Nature of Work: Alternaria leaf spot occurs nationwide in ﬂats of impatiens
(Impatiens wallerana) in the greenhouse, as well as in landscape plantings.
In recent years, signiﬁcant losses of ﬂat-grown impatiens, particularly of the
‘Elﬁn’ series, were reported in Alabama. Circular water-soaked spots that are
no more than 1/16th of an inch in diameter on the lower leaves are the earliest
symptoms of this disease on impatiens. Distinct leaf spots with a brown margin
and tan center about 1/8 of an inch in diameter soon appear. Heavily spotted
leaves are quickly shed. Typically, the spotting begins on the oldest leaves and
spreads upwards thorough the plant canopy until all but the youngest leaves
lost. Flats of partially defoliated impatiens are not salable. In the greenhouse,
losses appeared to be heavies on the earliest transplanted impatiens. Disease
development in landscape plantings of impatiens follows a similar pattern. While
fungicide treatments are recommended for the control of this disease, relatively
little speciﬁc information is available concerning their effectiveness in controlling
Alternaria leaf spot on impatiens.
Plugs of impatiens ‘Elﬁn’ mixture were transplanted into 6 inch pots containing
a pine bark/peat medium (3:1 v/v) that was amended with 14 lb of Polyon
17-5-11 fertilizer, 2 lb of dolomitic limestone, and 11 oz of gypsum per cubic
yard on June 27, 2003. Plants were kept under 47% shade on a clam shell bed
and watered daily with overhead sprinklers. The experimental design was a
randomized complete block with six single plant replications. Plants were rerandomized following each fungicide application. Diseased impatiens plants were
randomly distributed through the treatment block. Fungicides were applied to drip
from July 14 to September 5 at 2-week intervals with a CO2-pressurized sprayer.
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Sil-Spray adjuvant at 0.06% v/v was added to all fungicide tank mixes except for
both rates of Phyton 27 and Banner Maxx. Incidence of Alternaria leaf spot was
rated on August 8 and September 20 where 1 = no disease, 2 = 0 to 3%, 3 = 3 to
6%, 4 = 6 to 12%,
Results and Discussion: On August 8, light leaf spotting was ﬁrst observed on
the test plants. The level of leaf spotting increased between August 8 and the
September 20 rating date. With the exception of Heritage and Compass, Daconil
Ultrex gave better control of Alternaria leaf spot than all of the other fungicide
treatments (Table 1). When compared with the untreated controls, signiﬁcant
reductions in leaf spot incidence were also obtained with Chipco 26019. Disease
ratings for the Bayleton, both rates of Phyton 27, CL 3336, Sys Star, Agrimycin
17, and Eagle-treated impatiens was similar to that of the untreated controls.
The growth index for the impatiens treated with Chipco 26019, Phyton 27 at the
25 ﬂuid ounces per 100 gallon rate, CL 3336, and Daconil Ultrex was signiﬁcantly
higher than that recorded for the untreated controls. In contrast, the Compass,
Banner MAXX, and Heritage-treated impatiens were signiﬁcantly smaller
compared with the untreated controls.
While Heritage and Compass were equally effective in controlling Alternaria leaf
spot on impatiens, Daconil Ultrex gave the best combination of disease control
and increased plant growth. The reduced growth of the Heritage and Compasstreated impatiens, however, was unusual. While these and other strobilurin
fungicides have been demonstrated excellent activity against a wide range
of plant pathogenic fungi, little if any plant growth regulatory activity for these
fungicides has been previously noted (1,3). The lack of activity of the fungicides
Banner MAXX, Bayleton T/O, Eagle, and CL 3336, as well as the bactericide
Agrimycin 17 against an Alternaria sp. was consistent with their range of efﬁcacy
and label recommendations. Although Banner MAXX suppressed the growth of
impatiens, the other two ergosterol-biosynthesis inhibitor (DMI or EBI) fungicides
Bayleton and Eagle did not. Generally, repeated applications of all three of the
above fungicides will noticeably slow shoot elongation of many herbaceous and
woody ornamentals (2,4). The relatively poor performance of Phyton 27 against
Alternaria leaf spot on impatiens was surprising. Typically, this broad-spectrum
fungicide has shown activity against other Alternaria sp. and related genera of
plant pathogenic fungi.
Literature Cited:
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Bartlett, D. W., J. M. Clough, J. R. Godwin, A. A. Hall, M. Hamer, and R.
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58:649-662.
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Table 1. Impact of fungicides on the incidence of Alternaria leaf spot and on the
growth of impatiens.
Fungicide

Rate per
100 gallon

Disease Rating

Growth Indexz

1.0 lb

3.8 cdy

34.6 ab

Bayleton T/O 50W

4.0 oz

4.2 bcd

33.3 bc

Phyton 27

25 ﬂ oz

4.5 bc

34.1 b

Phyton 27

40 ﬂ oz

4.8 abc

32.2 bcd

Chipco 26019 50W

Daconil Ultrex

1.4 lb

2.6 e

34.1 b

CL 3336 50W

1.5 lb

4.8 abc

37.4 a

Banner MAXX

6 ﬂ oz

5.0 ab

26.2 f

Heritage 50W

4.0 oz

3.3 de

26.5 f

Compass 50W

4.0 oz

3.2 de

27.2 ef

Sys Star WDG

8.0 oz

4.5 bc

30.8 cd

Agrimycin 17

8.0 oz

4.8 abc

30.0 de

Eagle 40W

8.0 oz

5.7 a

29.7 de

---

5.0 ab

32.6 cd

Untreated Control
z

Growth Index = height + width 1 + width 2 and divide by 3.

y

Means in each column followed by the same letter are not signiﬁcantly different according to Fisher’s
least signiﬁcant difference test (P=0.05).
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Molecular Analysis of Alternaria alternata in Lilac
Ainong Shi, Margaret T. Mmbaga, Frank Mrema, and Emmanuel Nnodu
Institute of Agriculture and Environmental Research, Otis L. Floyd Nursery
Research Center, Tennessee State University, McMinnville, TN 37110
ashi@tnstate.edu
Index Words: Alternaria alternata, lilac, Syringa spp., lilac blight, ITS, PCR
Signiﬁcance to Industry: Alternaria alternata is considered as one of the most
important allergenic molds in the United States (8) and it also caused severe
diseases in many ornamental crops and trees (1, 2, 5, 9, 10). Lilac leaf blight
caused by A. alternata was reported as the most severe disease of lilac in middle
Tennessee (6). The PCR-based diagnostic detection in this research will provide
a fast and reliable tool to identify and detect A. alternata of lilac leaf blight not
only in Tennessee and also in other regions. The PCR-based assays can be
used to detect A. alternata in any host.
Nature of Work: Lilac leaf bight, caused by A. alternata has been recognized
as the most serious disease of lilac in middle Tennessee, USA (6). Mmbaga et
al. (1995) observed 56 lilac cultivars covering ten Syringa species for Alternaria
blight reactions for four years from 1996 to 2002, and the results showed that
46 out of 56 lilac cultivars were susceptible or intermediately susceptible covering
eight out of ten tested Syringa species. In most cultivars, the Alternaria blight was
more damaging than bacterial blight or powdery mildew, and the combination as
a disease complex with powdery mildew was synergistic (6). Alternaria diseases
are quite common on many ornamental crops and many species of pathogenic
or nonpathogenic Alternaria are found on the leaf surfaces of most woody
ornamentals and trees (1, 2, 9, 10). Although the Alternaria blight in lilac was
observed in 1996, the species of Alternaria that caused the lilac leaf blight was
not identiﬁed until 2004 because of mixed species of Alternaria living on lilac leaf
surfaces(7). Detection of Alternaria fungus by PCR-based assay was reported
(3, 4, 11). Zur et al. (2002) developed PCR primers in the ITS region and
detected A. alternata or A. solani, but could not distinguish the two species. The
PCR-assay reported by Konstantinova et al. (2002) can detect Alternaria fungus
at the genus level very effectively, but not for any speciﬁc Alternaria species.
Johnson et al. (2000) developed a PCR-assay to amplify the toxin gene, AMT,
created by pathogenic A. alternata isolate of alternaria blotch of apple and they
used this PCR assay to distinguish pathogenic and non-pathogenic pathotypes
of A. alternata in alternaria blotch of apple. The objective of this research is to
provide a PCR-based tool to rapid diagnostic detection of A. alternata of lilac
leaf blight.
Alternaria alternata samples were isolated from lilac tree (Syringa spp.)
naturally infected by A. alternata in 2004 at Tennessee State University, Nursery
Research Center, McMinnville, TN. Genomic DNA was extracted from mycelia
and spores of A. alternata grown on media and also directly from infected
lilac leaves of Alternaria blight using the DNeasy Plant Mini Kit (Qiagen Inc,
Valencia, CA) following the protocol from the company. The PCR ampliﬁcation
was performed in a DNA thermal cycler following standard PCR procedures
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with minor modiﬁcations. Each 50 ul PCR reaction mixture consisted of 36 ul
sterile ddH2O, 5 ul 10X PCR buffer, 3 ul MgCl2 (25 mM), 1.5 ul dNTP (10 mM
total, 2.5 mM each), 1.5 ul primer each (20 ng/ul), 0.2 ul Taq polymerase
(Promega) (5 u/ul), and 1.3ul template DNA (20 ng/ul). PCR cycles consisted
of an initial denaturation step at 94 C for 5 min followed by 42 cycles 1 min at
93 C (denaturation), 1 min at 30 to 60 C (annealing), 2 min at 72 C (extension).
The annealing temperature in the PCR was set usually at ﬁve-degree less than
the lower primer Tm (Tm – 5). An extension cycle at 72 C for 5 min was used
to terminate the reaction and ﬁnally cooled to 4 C. The PCR products were
visualized in 1.0-1.5 % agarose gel in 1X TBE, stained with ethidium bromide.
Three universal primers, ITS1, ITS1-F and ITS4 (Table 1), were used to
amplify the ITS region in A. alternata fungus using the general PCR procedure
described above. The two PCR products ampliﬁed from the two primer pairs,
ITS1/ITS4 and ITS1-F/ITS4 were sequenced by Davis Sequencing Inc at Davis,
CA (http: / / www. davissequencing.com). Before sequencing, PCR products
were puriﬁed by use of QIA quick PCR Puriﬁcation Kit (Qiagen Inc, Valencia,
CA) (http:/ / www. qiagen.com) following the instructions of the protocol from the
company. After we obtained the sequences from Davis Sequencing Inc., the
two sequences were analyzed and compared with all sequences of ITS region
in GenBank by use of Blast (http://www.ncbi.nlm.nih.gov/BLAST/) to determine
the identity of fungus causing leaf blight in lilac. PCR primers for the ITS region
of Alternaria sp. were designed by use of the Software Primer3 (http://frodo.
wi.mit.edu/cgi-bin/primer3/primer3_www.cgi). One primer pair Al-f1/Al-r1
speciﬁc for ITS region of Alternaria genus was designed (Table 1). Because
of different Alternaria species have the same sequence of ITS region, such as
the GenBank accession AY154682 of A. alternata has the same sequence as
those of AY154684 of A.longipes and AY154683 of A. mali, so it was impossible
to distinguish different Alternaria species by ITS region. However, it is possible
to identify and distinguish them using other genes or loci. In this research, ﬁve
speciﬁc primer pairs were designed for four loci of A. alternata (Table 1). The
two primer pairs, aa-hsp-f1/ aa-hsp-r1 and aa-hsp-f1/aa-hsp-r2, were designed
from the GenBank accession U87808 and speciﬁc for A. alternata hsp70 gene.
The primer pair aa-his-f1/aa-his-r1 was designed from AF404640 and speciﬁc
for A. alternata histone gene. The primer pair aa-endo-f1 and aa-endo-r1 was
designed from AY629233 and speciﬁc for A. alternata endopolygalacturonase
gene. The primer pair, aa-gp-f1/aa-gp-r1 was designed from the AF282319 and
speciﬁc for the A. alternata mixed-linked glucanase precursor gene. The ﬁve
speciﬁc primer pairs were tested in 28 DNA samples including eight A. alternaria
grown on media, 11 extracted from lilac leaf infected with Alternria leaf blight,
two from healthy lilac leaf, and seven from other fungi including Acremonium
alternatum, Botryosphaeria dothidea, Botrytis cinerea, Colletotrichum acutatum,
C. gloeosporioides, and Phomopsisi eucommicola. The ﬁve PCR products
ampliﬁed from the ﬁve speciﬁc primer pairs were sequenced and analyzed.
Results and Discussion: The PCR product was 570 bp ampliﬁed from the
primer pair ITS1/ITS4 (Fig. 1), and 608 bp ampliﬁed from the primer pair ITS1F/ITS4 (Fig. 2). The sequences from the two PCR products were 100% (570/570)
matching to those in ITS region of Alternaria genus level in GenBank and the
sequence ampliﬁed from ITS1-F/ITS4 was published in GenBank with the
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accession number DQ023279. The speciﬁc primer pair Al-f1/Al-r1 was designed
for Alternaria genus and ampliﬁed all Alternaria fungi and produced a band at
370 bp (Fig. 3). All A. alternata samples and lilac samples infected Alternaria
leaf blight showed this band, but others did not. The PCR product ampliﬁed from
the primer pair Al-f1/Al-r1 was sequenced and the sequence ampliﬁed from this
primer pair was 100% (370/370) matching the same location of the ITS region of
Alternaria. Analyses on these results indicated that the primer pair Al-f1/Al-r1 can
produce a molecular marker – the PCR band with the size 370 bp speciﬁc only
for Alternaria fungus and it can be used in identifying and detecting Alternaria
fungi in lilac leaf blight disease.
Five speciﬁc primer pairs showed the bands speciﬁc only for those samples
with Alternaria leaf blight in all tested materials. The PCR product was 181 bp
from aa-hsp-f1/aa-hsp-r1 (Lane 1 & 2 on the Fig. 4), 237 bp from aa-hsp-f1/aahsp-r2 (Lane 3 & 4 on the Fig. 4) and 356 bp from aa-his-f1/aa-his-r1 (Lane 5
& 6 on the Fig. 4), 408 bp from aa-endo-f1/aa-endo-r1 (Lane 1 to 4 on the Fig.
5), and 679 bp ampliﬁed from the primer pair aa-gp-f1/aa-gp-r1 (Lane 5 to 8 on
the Fig. 5). Four sequences of the four PCR products ampliﬁed from the primer
pairs, aa-gp-f1/aa-gp-r1, aa-hsp-f1/aa-hsp-r2, aa-his-f1/aa-his-r1 and aa-endof1/aa-endo-r1, were published in GenBank and their accessions are DQ026789,
DQ026790, DQ026791, and DQ026792. The sequence of DQ026789 ampliﬁed
from aa-gp-f1/aa-gp-r1 was 99% (659/664, 15 bases gap) matched the locus
of A. alternata mixed-linked glucanase precursor (AF282319 in GenBank). The
sequence of DQ02690 ampliﬁed from aa-hsp-f1/aa-hsp-r2 was 100% (237/237)
matched those in accession AAU87807 and AAU87808 in GenBank for the locus
of A. alternata hsp70 mRNA gene. The sequence of DQ02691 ampliﬁed from
aa-his-f1/aa-his-r1 was 100% (356/356) matched those in accession AF404640
in GenBank for the locus of A. alternata s1 STE-U4267 isolate CR26 histone
gene. The sequence of DQ026792 ampliﬁed from aa-endo-f1/aa-endo-r1 was
100% (408/408) matched those in accession AY629216 to AY629234 in GenBank
for the loci of A. alternata endopolygalacturonase gene. These results indicated
that A. alternata was one pathogen of lilac leaf bight. The speciﬁc primer pairs
developed in this research can amplify speciﬁc gene loci for A. alternata and thus
provides a PCR-based detection of A. alternata in lilac leaf blight disease. The
PCR-based diagnostic detection in this research will provide a fast and reliable
tool to identify and detect A. alternata of lilac leaf blight not only in Tennessee
and also in other regions, and the tool can be used to detect A. alternata in
any host.
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Table 1. Primers for Alternaria alternata.
Primer
namez
ITS1
ITS4
ITS1-F
Al-f1
Al-r1
aa-hsp-f1
aa-hsp-r1
aa-hsp-r2
aa-his-f1
aa-his-r1
aa-endo-f1
aa-endo-r1
aa-gp-f1
aa-gp-r1

Sequence (5’ to 3’)
tccgtaggtgaacctgcgg
tcctccgcttattgatatgc
cttggtcatttagaggaagtaa
cccaccactaggacaaaca
gcttaatggatgctagacct
atctctgctaagaacgctctcg
gctgagactcgtactcgtcctt
accagctccgtagaacttcatc
tcatcgcatcgcaacatact
gagctggatgtccttgctct
gtcccttcaggcacaacttt
gctggagccaatatcgaaac
cggcaacaactacatcatcg
ctcctggtcaaaaggagctg

Size

Tm ºC

19
20
22
19
20
22
22
22
20
20
20
20
20
20

64.48
58.35
60.00
60.16
38.35
62.67
64.54
62.67
58.35
62.45
59.19
59.67
60.40
62.45

Locationy GenBank
Accessionx

167-185
536-517
13-34
193-172
249-228
58-77
413-394
19-38
426-407
129-148
792-773

DQ023279
DQ023279
U87808
U87808
U87808
AF404640
AF404640
AY629233
AY629233
AF282319
AF282319

z

Primers were made of from Qiagen.com. ITS1, ITS1-F, Al-f1, aa-gp-f1, aa-hsp-f1, aa-hsp-f2, aa-his-f1,
and aa-endo-ﬂ are forward primers and ITS4, Al-r1, aa-gp-r1, aa-hsp-r1, aa-hsp-r2, aa-his-r1, and aaendo-r1 are reverse primers.

y

Location signiﬁes the primer is located at the position in the sequence of the corresponding GenBank
accession, such as the Al-f1 is located at the 167 to 185 of the sequence of DQ023279 of GenBank
accession.

x

DQ023279: A. alternata ITS region and its length is 608 bases; U87808: A. alternata hsp70 mRNA,
partial cds; AF404640: A. alternata s.l. STE-U4267 isolate CR26 histone gene, partial cds; AY629233:
A. alternata strain PR325 endopolygalacturonase gene; and AF282319: A. alternata mixed-linked
glucanase precursor gene, partially cds.

Fig. 1. Three PCR bands with the same size of 570 bp ampliﬁed from the
primer pair ITS1/ITS4 in three DNA samples of Alternaria. Lane M is a 100 bp
molecular-weight marker.
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Fig. 2. Three PCR bands with the same size of 608 bp ampliﬁed from the
primer pair ITS1-F/ITS4 in three DNA samples of Alternaria. Lane M is a 100 bp
molecular-weight marker.

Fig. 3. Eleven PCR bands with the same size of 370 bp ampliﬁed from the primer
pair Al-f1/Al-r1 in eleven DNA samples of Alternaria. The left lane is a 100 bp
molecular-weight marker.
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Fig. 4. Ampliﬁcation pattern of DNA detecting three primer pairs in Alternaria
alternata: (1) aa-hsp-f1/aa-hsp-r1 (Lane 1 & 2); (2) aa-hsp-f1/aa-hsp-r2 (Lane 3 &
4), and (3) aa-his-f1/aa-his-r1 (Lane 5 & 6). Lane M is a 100 bp molecular-weight
marker.

Fig. 5. Ampliﬁcation pattern of DNA detecting two primer pairs in Alternaria
alternata: (1) aa-endo-f1/aa-endo-r1 (Lane 1 to 4) and (2) aa-gp-f1/aa-gp-r1
(Lane 5 to 8). Lane M is a 100 bp molecular-weight marker.
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Resistance of Daylily Cultivars to Rust
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Index Words: daylily, rust, resistance, Puccinia hemerocallidis
Signiﬁcance to Industry: Resistance to rust in eight daylily cultivars was
differentiated on detached leaf segments in a laboratory. Lesion types and
sporulation on detached leaves could be used as a time-effective method to
screening daylily cultivars and investigating genetics of resistance to rust in
daylily.
Nature of Work: Daylily rust, caused by Puccinia hemerocallidis, is a newly
introduced disease and has become an increasing problem for growers in the
United States (1, 2). Genetic resistance is an economic and convenient strategy
in the disease management. Variation of resistance to daylily rust was identiﬁed
among cultivars in greenhouse experiments (3).
In the present study, effects of cultivars and leaf sides (adaxial and abaxial) on
reaction types, latent period, lesion numbers and sporulation were investigated
using detached leaf segments of eight daylily cultivars in a laboratory. Randomly
sampled daylily leaf segments from a greenhouse were inoculated with
urediniospores of P. hemerocallidis in a settling tower and incubated on moist
ﬁlter papers with inoculated surface up in petri dishes at 20 °C with a 16 h
photoperiod. Images of leaf segments were acquired using a camera at one day
intervals. Symptom types, lesion numbers per cm2 leaf area and time of starting
sporulation on both adaxial and abaxial leaf surfaces were assessed from the
images. Daylily cultivars were treated as a factor with eight levels and leaf sides
were treated as the other factor with two levels. Data were analyzed as the twofactor factorial design by Proc GLM (SAS Institute). There were three replications
of leaf segments in each treatment and experiments were repeated four times.
Results and Discussion: Resistance to daylily rust in the eight cultivars was
grouped into four categories according reaction types and sporulation on
detached leaf segments (Table 1). Leaves of highly resistant cultivars, ‘Prairie
Blue Eyes’ and ‘Bertie Ferris’, were characterized as having tiny yellow spots
or no symptoms at penetration sites. Leaves of resistant cultivars, ‘Buttered
Popcorn’, ‘Chicago Apache’ and ‘Stella De Oro’, showed a hypersensitive
reaction without uredia formation. Leaves of moderately resistant cultivars,
‘Mary Todd’ and ‘Chorus Line’, exhibited a hypersensitive reaction, but uredia
and urediniospores formed on necrotic lesions. Leaves of susceptible cultivars,
‘Pardon Me’, supported abundant spore production from light yellow erupted
uredia. There were no signiﬁcant differences in the time of starting sporulation
between leaf sides (P
P = 0.3096) and among cultivars (P = 0.2976). Signiﬁcant
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contribution of variances of leaf sides (P
P < 0.0001) and cultivars (P = 0.0236)
to the total error of lesion numbers were detected, but there was no signiﬁcant
interaction between leaf sides and cultivars (P
P = 0.0981). Lesion numbers on
abaxial were signiﬁcantly greater than that were on adaxial leaf surfaces for
those cultivars which formed visible lesions or uredia (Fig. 1). Lesion numbers
on ‘Stella De Oro’ were signiﬁcantly greater than on ‘Chorus Line’, ‘Marry Todd’
and ‘Buttered Popcorn’, but not different from those on ‘Pardon Me’ and ‘Chicago
Apache’ (Fig. 2). Differences in lesion numbers among daylily cultivars were not
associated with resistance reaction types and amount of sporulation. Lesion
types and sporulation on detached leaf could be used to develop a rapid method
to screen daylily cultivars for resistance in a laboratory.
Literature Cited:
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hemerocallidis, cause of daylily rust, a newly introduced disease in the
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Mueller, D. S., Williams-Woodward, J. L., and Buck, J. W. 2003. Resistance
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Table 1. Summary of lesion types and sporulation of daylily rust on detached
leaves of eight daylily cultivars 10 days after inoculation.
Cultivar

Resistancex

Pardon Me

S

Chorus Line
Mary Todd

Reactiony

Sporulationz

Yellow lesion, uredia

++++

MR

Necrotic lesion, uredia

+++

MR

Necrotic lesion, uredia

+

Stella De Oro

R

Necrotic lesion

-

Buttered Popcorn

R

Necrotic lesion

-

Chicago Apache

R

Necrotic lesion

-

Bertie Ferris

HR

N/A

-

Prairie Blue Eyes

HR

N/A

-

x

S: susceptible, MR: moderately resistance, R: resistant, HR: highly resistance.

y

N/A: Not available.

z

Sporulation was recorded according the scales: ‘-’ = no sporulation; ‘+’ to ‘ +++’ indicated the density of
sporulation from very sparse to abundant.
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Fig. 1. Comparisons of lesion numbers on adaxial and abaxial leaf surfaces of
eight daylily cultivars. Bars with the same letters are not signiﬁcantly different at
the P = 0.05 using the least signiﬁcant difference (LSD).

Fig. 2. Comparisons of lesion numbers on leaf segments of eight daylily cultivars.
Bars with the same letters are not signiﬁcantly different at the P = 0.05 using the
least signiﬁcant difference (LSD).
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Efﬁcacy of Tebuconazole for
Control of Black Spot of Rose
M. T. Windham, A. S. Windham, J. Mynes and D. McCammon
Dept. of Entomology and Plant Pathology, University of
Tennessee, Knoxville TN 37996-4560
mwindham@utk.edu
Key words: disease control, Diplcarpon rosae, Daconil, chlororthalonil, Bayer
Advance Disease Control, Bayer Advanced All-in-One
Signiﬁcance to Industry: Bayer Advanced Disease Control (a.i. tebuconazole
applied as a spray) was as effective as Daconil for control of black spot of rose.
However, Bayer Advanced All-in-One (a.i. tebuconazole applied as a drench) was
not satisfactory as an alternative for control of black spot in either container or
ﬁeld grown roses.
Nature of Work: Black spot of rose, Diplcarpon rosae, is the most important
disease of hybrid tea roses in the southeastern United States (1). Infected leaves
develop black lesions. Symptomatic leaves often defoliate and leave much of the
plant without foliage. Plants that are not treated for black spot control and have
severe black spot symptoms are less vigorous, have fewer and smaller ﬂowers
and are less likely to successfully overwinter.
Black spot is usually controlled with fungicidal sprays. More than 30 applications
may be needed to protect roses throughout the season (2). In 2004, Bayer
introduced new rose care products with tebuconazole as the active ingredient
for control of black spot. Depending on formulation, the chemical is applied as a
drench or as a spray. This research evaluated the efﬁcacy of these products for
black spot control in container and ﬁeld grown roses.
Hybrid tea rose plants cv. Chicago Peace were grown in containers (Knoxville)
and in the ﬁeld (Nashville). For the container roses, plants were transplanted
into containers (Zarn 2000, Zarn Inc., Reidsville, NC) containing 100% pine
bark medium [amended with 0.62 kg/m3 (1.5 lb/yd3) 18-6-12 fertilizer, 1.45 kg/m3
(3.5 lb/yd3) dolomitic limestone, 0.83 kg/m3 (2 lb/yd3) 0-46-0 super phosphate,
0.94 kg/m3 (2.25 lb/yd3) gypsum (CaSO4), ).62 kg/m3 (1.5 lb/yd3) Micromax
(Sierra, Milpitas, CA), and 0.83 kg/m3 (2.0 lb/yd3 epson salts (MgSO4)]. Plants
were watered daily with overhead irrigation and placed under 45% shade. The
ﬁeld grown roses were transplanted into a rose bed in April 2005 that was located
in full sun. After transplanting, 5-7.5 cm (3-3 inches) of mulch was applied to the
bed. Plants were irrigated by dip irrigation as needed.
Fungicide applications for container and ﬁeld roses included Ortho Daconil
(29.6% chlorothalonil), Bayer Advanced Disease Control (2.9% tebuconazole)
and Bayer Advanced All-in-One (0.8% tebuconazole). Rates and application
intervals are listed in Table 1. Black spot disease severity was measured 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.

278

Pathlogy and Nematology Section

SNA RESEARCH CONFERENCE - VOL. 50 - 2005
Results and Discussion: Bayer Advanced Disease Control did not differ from
Daconil for control of black spot in either the container or ﬁeld grown roses
(Table 2). The Bayer Advanced All-in-One product was not as effective in either
experiment as the other two fungicide treatments in reducing black spot disease
severity. In the container experiments, data for the Bayer Advanced All-in-One
treatment were similar to that of the controls.
The failure of the Bayer Advanced All-in-One in both experiments may have been
due to the low concentration of tebuconazole in the treatment. The inability of the
Bayer All-in-One treatment to differ from the control in the container experiment
may have been due to the fungicide being leached from the containers during
irrigation or becoming bound to organic matter in the potting medium.
In conclusion, Bayer Advanced Disease Control is a new product that is as
effective as Daconil (an industry standard) in controlling black spot. Bayer
Advanced All-in-One cannot be recommended for control for black spot in
Tennessee.
Literature Cited:
1. Hagan, A.K., M. F. Rivas-Davila, J.R. Akridge, and J.W. Olive. 2001. Disease
resistance of shrub and ground cover roses and the impact of fungicide
inputs on those diseases. Proc. of South. Nur. Assoc. Res. Conf. 46:
252-258
2. Bowen, K.L., B. Youn, B.K. Behe. 1995. Management of black spot of rose in
landscape in Alabama. Plant Dis. 79:250-253.
Table 1. Fungicide rates and application intervals.
Treatment
Daconil
Bayer Advanced Disease Control
Bayer Advanced All-in-One

Rate
2 teaspoons / gal
(2.6 ml / l)
1.5 tablespoons / gal
(6.0 ml / l)
2 ﬂ oz / gal
(16 ml / l)

Sprary Interval
7 day
7 day
4 wk

Table 2. Efﬁcacy of fungicides for control of black spot in container and ﬁeld
grown roses.
Treatment
Daconil
Bayer Advanced Disease Control
Bayer Advanced All-in-One
Control
abc

Container Roses
1.8 a
2.5 a
4.3 b
5.3 b

Field Roses
0.8 a
0.4 a
2.8 b
3.8 c

For each column of numbers, numbers followed by the same number do not differ signiﬁcantly
according to Student Newman Kuel Test (p=0.05). 0 = no disease; 6 = 100% disease.
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A Leaf Spot Disease of African Violet
Caused by Corynespora cassiicola
M. T. Windham, R. N. Trigiano, A. S. Windham and L. Vito
Dept. of Entomology and Plant Pathology, University of Tennessee,
Knoxville TN 37996-4560
mwindham@utk.edu
key words: Saintpaulia sp.
Signiﬁcance to Industry: A leaf spot disease of African violet, caused by
Corynespora cassiicola, has caused severe economic losses in a large African
violet production facility in Tennessee. The disease has been observed in all
phases of production. Management of the disease has included daily inspection
and rouging, increased shading of plants, and fungicidal sprays (Cleary’s 3336).
Nature of Work: In 2004, a large African violet grower notiﬁed us of a reoccurring
leaf spot disease that was causing signiﬁcant losses throughout their production
facilities. The disease probably was introduced into the production facility on
violets shipped from an out-of-state contract grower that had been double
cropping violets with tomatoes (a common host of Corynespora cassiicola).
Plants at all stages of development were observed with leaf spots (Fig. 1).
Symptomatic tissues were collected, placed in plastic bags and transported on
ice to the laboratory.
Symptomatic leaves were divided into two groups and one group of leaves was
placed in moist chambers (plastic bags containing a wet piece of paper towel)
and incubated for three days. Lesions from the other group of leaves were
excised and surfaced disinfested (10% Chlorox + 5% ethanol for 1 minute) and
then placed in Petri dishes containing potato dextrose agar amended with 20
mg/ l each of streptomycin sulfate and oxy-chlorotetracycline HCl. After fungal
colonies were observed on the plates, colonies were subcultured in another set
of dishes with the same medium. Fungal mycelia in the moist chambers and in
the petri dishes were examined microscopically and conidia were observed and
identiﬁed.
Results and Discussion: Cultures of the C. cassiicola were obtained from
propagation material and mature leaves. Preliminary experiments found that
control of Corrynespora leaf spot was achieved with Cleary’s 3336 and Daconil,
whereas Banner Maxx was ineffective. Daconil was not used because of
unsightly residues on the foliage.
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Fig.1. Leaf spot caused by Corynespora cassiicola on African violet.
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Foliar Nematodes and Perennial Plants:
The Silent Epidemic
Alan S. Windham, H. P. Conlon and Mark Windham
University of Tennessee, Entomology and
Plant Pathology, Nashville, TN 37211
awindha1@utk.edu
Index Words: Foliar Nematode, Aphelenchoides, Brunnera macrophylla
‘Jack Frost’
Signiﬁcance to Industry: Foliar nematode infected perennial plants are
frequently detected at garden centers, in botanic gardens and landscape
plantings. This is a ﬁrst report of Aphelenchoides sp. on Brunnera macrophylla
‘Jack Frost’.
Nature of Work: Two species of foliar nematode, Aphelenchoides fragariae
and A. ritzemabosi are commonly found on herbaceous perennial plants.
Aphelenchoides spp. may be found feeding within leaf tissue or on the surfaces
of leaves. These nematodes may enter leaves through wounds, stomata or in
some cases by direct penetration. Foliar nematodes may spread on plants when
a ﬁlm of water is present. When the foliage of an infected plant is wet, nematodes
my move out of infected tissue to the surface of the plant. Once the foliage
begins to dry, the nematodes will move back into the tissue. They may be moved
to adjacent plants when an infected plant comes into contact with a healthy
plant or by water splash to an adjacent plant. Long distance spread occurs when
infected stock plants are propagated vegetatively and infected liners are shipped
to wholesale and retail nurseries, garden centers and the general public.
The symptoms of foliar nematode infected plants are as diverse as the perennial
plants they infect. Chlorotic and necrotic angular lesions are common on many
plants (Figure 1). Others may have stunted or distorted foliage. Movement
of nematodes within leaf tissue is limited by major veins, thus the lesions are
angular. These symptoms may be confused with symptoms of some bacterial
diseases and downy mildew. In hosta, chlorotic and necrotic lesions are elongate
and follow the veination of the leaves.
Results and Discussion: During the last ﬁve years there has been an increase
in the number of perennial plants infested with foliar nematodes submitted to the
Plant and Pest Diagnostic Center ( P&PDC) in Nashville, TN (Table 1). Perennial
plants from garden centers, botanic gardens and landscape plantings have been
diagnosed with foliar nematodes. As the popularity of perennial plants has grown
and as the interstate and international movement of perennials has increased,
perennial plants infested with foliar nematodes are commonly found in retail
and wholesale nurseries. In 2004 and 2005, specimens of B. macrophylla ‘Jack
Frost’ from a home landscape and from a retail garden center were submitted to
the P&PDC with infected with foliar nematodes. The B. macrophylla specimens
observed at several garden centers in 2005 were traced to a large wholesale
nursery that had received the plants as liners from a nursery in the Netherlands.
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Two major problems prevent the management of foliar nematodes in perennial
plants. First, many growers of perennial plants simply do not recognize the
symptoms associated with foliar nematode infection. During a recent presentation
for professional growers at a national perennial plant conference fewer than 5%
of the growers correctly identiﬁed the symptoms of foliar nematode infection. The
second problem is that, other than sanitation (the discarding of infected stock
plants), there is no effective, curative control of perennial plants infected with
foliar nematodes. Nematicides with efﬁcacy against foliar nematode are no longer
labeled for use on perennials in greenhouses and nurseries. Also, insecticides
and miticides have little or no effect on foliar nematodes. Hot water drenches and
therapy may reduce the number of nematodes in an infected plant, but rarely are
all nematodes killed, so the plant remains infected and nematodes populations
quickly rebound. A combination of hot water therapy and propagation via tissue
culture may be one way to produce healthy stock plants.
Literature Cited:
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Table 1. Perennial plants infested with foliar nematode (Aphelenchoides sp.).
Scientiﬁc Name

Common Name

Anemone X hybrida

Japanese Anemone

Asarum canadense

Wild Ginger

Astrantia major ‘Sunningdale
Variegated’

Masterwort

Brunnera macrophylla ‘Jack Frost’

Siberian Bugloss

Helleborus spp.

Lenten Rose

Hosta spp.

Hosta

Ligularia stenocephala ‘The Rocket’

Leopard plant

Rubeckia maxima

Giant Coneﬂower
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Figure 1. Brunnera macrophylla ‘Jack Frost’ infected with foliar nematodes,
Aphelenchoides sp.
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Reported Ornamental Plant Diseases in
North Florida from 2002 - 2004
Alejandro Bolques1, M. Timur Momol2,
Hank Dankers2 and Venson Cunningham1
1
Florida A&M University, CESTA, Gadsden
County Extension, Quincy, FL 32351
2
University of Florida, IFAS, NFREC-Quincy,
155 Research Road, Quincy, FL 32351
Index words: Ornamental plant diseases, nursery, landscape
Nature of Work: Whether in container plant production, the landscape or
interiorscape, ornamental plant disease identiﬁcation and control is one of the
most demanding undertakings for growers, landscapers and homeowners. Plant
producers and landscape maintenance operators should be knowledgeable of
pathogens present or likely to be present in a particular production or landscape
situation. Pathogenic bacteria, fungi, and viruses cause diseases such as leaf
spots, blights, root, stem and crown rots, rusts and mildew.
Here we present a summary of ornamental plant diseases in the North Florida
geographic area for the years 2002 through 2004. This data summary expands
on and serves as an update to the SNA Research Conference publication on
Reported Ornamental Plant Disease in North Florida from 1999 – 2001 (2).
As a service to ornamental plant producers, landscape maintenance operators,
and homeowners, the Florida Extension Plant Diagnostic Clinic located at
the North Florida Research and Education Center-Quincy (FEPDC-Quincy),
staffs a plant diagnostic laboratory. Their primary role is to determine if a plant
problem involves an infectious causal agent, e.g., fungus, bacterium, or virus.
Diagnosis of disease is based on an association of plant symptoms and signs
with a pathogen-caused disease recognizing that other variables also might
be associated with the disease at hand. Disease diagnosis results in providing
proper control information, whenever possible, for the detected pathogen (1,3).
This update summarizes ornamental plant diseases submitted to the FEPDCQuincy from 2002 through 2004 and accounts for the frequency of reported plant
diseases through sample submission in North Florida. It also includes a seasonal
chart distribution of the most frequent submissions of diagnosed ornamental plant
diseases. The plant disease data used were retrieved from data ﬁles of plant
samples submitted to the plant disease clinic. Diagnostic results were analyzed
to determine causal agent, time of year occurrence, and host plant. Diseases that
were easy to identify are not represented in the database.
Results and Discussion: Pathogens detected and numbers of samples
submitted are listed in Table 1. Pythium, Rhizoctonia, and Phytophthora as
well as Fusarium and Cercospora species were the causal agents found most
frequently associated with root rots. The anthracnose causing organisms,
Colletotrichum, Botrysophaeria, Corynespora, bacterial pathogen(s) and
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Pestalotia were found less frequently. Seasonal occurrence for nine of these
plant pathogens is illustrated in Table 2. Anthracnose, considered low among
the number of samples submitted, were reported from May to October and
in the month of December. Bacterial diseases were intermittent throughout
the reporting period. Samples diagnosed with Cercospora were reported
from July through January with a high incidence during the month of August.
Colletotrichum was also intermittent. Fusarium related diseases were reported
throughout the calendar year except for the months of March and September
and high during the summer months of June and July. Phytophthora and Pythium
diagnosed samples were submitted on average for 9 and 11 months of the year,
respectively, with high Pythium submissions and diagnosis in February, April,
May, July and August. Plant specimens diagnosed with Rhizoctonia were brought
in year-round and submissions were high in May, July, and August.
Seven of these nine most frequently reported plant diseases are depicted in
Figure 1. Rhizoctonia, Pythium, and Phytophthora, respectively, were detected
in the greatest numbers of host plants -- Juniperus, Cupressocyparis - Leyland
Cypress, and Rhododendron. Juniperus, Cupressocyparis - Leyland Cypress,
and Hydrangea samples were submitted more frequently than Ilex and
Rhododendron.
Signiﬁcance to Industry: Record keeping to determine seasonality of
diseases in nursery or landscape maintenance operation is an important
IPM tool in determining future disease problems and scheduling disease
management practices.
Literature Cited:
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Table 1. Frequency of pathogens or diseases diagnosed on ornamentals at the
Florida Extension Plant Diagnostic Clinic-Quincy from 2002 - 2004.
Pathogen
Alternaria spp.
Anellaphora leaf spot
Anthracnose
Ascochyta blight
Ascochyta leaf spot
Aureobasidium
microstictum
Bacteria
Bacterial leaf spot
Bacterial pathogen
Bipolaris spp.
Botryodiplodia spp.
Botryosphaeria spp.
Botrytis cinerea
Botrytis spp.
Cephaleuros virescens
Cercospora spp.
Cercosporidium sequoiae
Cerotelium ﬁci
Cladosporium
Coleosporium
Colletotrichum spp.
Coniothyrium spp.
Corynespora cassiicola
Corynespora spp.
Cristulariella moricola
Cristulariella spp.
Cylindrosporium
ﬁlipendulae
Cylindrosporium spp.
Didymella bryoniae
Diplocarpon rosae
Discula spp.
Dothideodiplodia spp.
Entomosporidium mespili
Erwinia chrysanthemi
Fusarium moniliforme

Number
Submitted
3
1
15
1
1
9
4
1
9
3
1
14
1
2
1
23
6
9
3
1
15
1
3
13
2
1
3
1
1
1
2
1
1
2
1
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Pathogen
Fusarium spp.
Fusicoccum spp.
Gleosporium leaf spot
Glomerella spp.
Gray Leaf Spot
Helminthosporium leaf
spot
Hypoxylon
Kabatina spp.
Lasiodiplodia theobrome
Leptosphaeria spp.
Leptosphaerulina
Mycosphaerella spp.
Oidium spp.
Peronospora sparsa
Pestalotia spp.
Phoma spp.
Phomopsis juniperovora
Phomopsis spp.
Phyllosticta spp.
Phytophthora spp.
Plasmopara spp.
Puccinia malvacearum
Puccinia spp.
Pythium spp.
Ralstonia solanacearum
Rhinotrychum spp.
Rhizoctonia spp.
Sclerotium rolfsii
Septoria spp.
Spaeropsis
Sphaceloma euonymijaponici
Thielaviopsis basicola
Thielaviopsis spp.
TSWV
Virus

Number
Submitted
47
2
1
1
1
8
2
1
1
1
1
1
6
1
12
5
2
7
9
29
3
1
3
70
3
3
55
1
8
1
1
1
1
9
7
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Table 2. Seasonality of selected ornamental diseases for samples submitted to
the North Florida Extension Plant Diagnostic Clinic from 2002 –2004.
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Anthracnose
Bacterial
Botryosphaeria
Cercospora
Colletiotrichum
Fusarium
Phytophthora
Pythium
Rhizoctonia

Number of Samples Submitted
1 - 3 (LOW)

4 - 6 (MODERATE)

7 and above (HIGH)

Figure 1. Selected ornamental diseases reported to the North Florida Extension
Plant Diagnostic Clinic from 2002 –2004.
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Slug Damage Decreased with Common Fungicide
Jody M. Thompson1, Jeff L. Sibley1, Wheeler G. Foshee, III1,
Gary J. Keever1 and Arthur G. Appel2
1
Department of Horticulture, Auburn University, Alabama 36849
2
Department of Entomology and Plant Pathology,
Auburn University, Alabama 36849
Index Words: Lehmannia valentiana, Kocide®, fungicide, feeding deterrent,
molluscicide, pests
Signiﬁcance to the Industry: Slugs are signiﬁcant agricultural pests in many
parts of the world. The high cost of developing new chemical controls and the
relatively small market for slug and snail controls compared to other pesticides,
such as insecticides, seem to overshadow research into their development.
Research involving pre-existing pesticides is economical and can involve
relatively little time compared to the development of new chemicals. Kocide®
2000 is a popular fungicide/bactericide used worldwide. Copper has shown toxic
and repellent effects on slugs for more than a century. Our results indicate that
Kocide® 2000 at rates labeled for agricultural use as fungicides may also deter
slug feeding providing effective alternative to the controls currently on the market.
All Kocide® rates used in this study reduced feeding in L. valentiana.
Nature of Work: Traditionally, slug and snail control has primarily relied
upon chemicals such as metaldehyde and carbamates (e.g., Mesurol®).
Metaldehyde has been the most popular chemical control for slugs and snails
since introduction as a molluscicidal bait in 1934 (7). Metaldehyde must target
periods of high slug and snail activity to be effective (10). Mesurol® (methiocarb),
a restricted use pesticide is another popular molluscicide often considered
more effective and longer lasting under ﬁeld conditions than metaldehyde (7).
However, because carbamates such as Mesurol® are broad-spectrum pesticides,
they can negatively affect non-target beneﬁcial arthropods such as predaceous
beetles (1).
Home gardeners have used other methods of slug and snail control including
table salt (NaCl), ammonia (NH3), beer, ashes, and diatomaceous earth.
Additionally, iron phosphate bait has become popular over the past several years
as a molluscicide. Studies have shown that iron phosphate is less effective than
metaldehyde and requires higher application rates making it more expensive
to use (11). However, in certain niche markets (e.g., organic farming and home
gardening) where the price of pest control is less of an issue, iron phosphate has
potential to be a commercially successful molluscicide (11). Additionally, there is
ongoing research into the use of naturally occurring botanical chemicals (e.g.,
caffeine, garlic, cinnamamide, and chemicals from mushrooms) as molluscicides,
repellents, and antifeedants (5, 9).
Copper products have also been used to control slugs and snails. Slugs
and snails have an aversion to copper barriers (9). Copper barriers are used
around nursery grounds, table legs, and tree trunks as deterrents of slugs or
snails. Copper strips are also sometimes used to contain snails in heliciculture
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(production of snails for beneﬁcial use such as food and research). Additionally,
copper sulfate was once popular in the control of aquatic snails such as
Biomphalaria glabrata (Say) a vector of schistosomiasis as well as apple snails
(e.g., Pomacea spp.), which can be pests in rice production (2, 12).
Kocide® (copper hydroxide) is a common fungicide and bactericide used in
agriculture to control a wide variety of plant diseases. There is indirect evidence
that Kocide® LF acts as a repellent to the terrestrial snail Zonitoides arboreus
(Say) (6). Additionally, Kocide® DF and Kocide® 2000 were found to have
repellent effects on the terrestrial snails Theba pisana (Müller) and Monacha
syriaca (Ehrenberg) (8).
Previous studies have determined the efﬁcacy of various rates of Kocide® and
effectiveness over time against snails (6, 8). Our study considered the feeding
behavior of the slug, Lehmannia valentiana (Férussac), when presented
with a choice of food treated with various rates of Kocide® 2000. Lehmannia
valentiana, also known as the three-banded slug, is a terrestrial slug native to
the Iberian Peninsula, but has spread throughout the world as a horticultural
pest, predominantly in greenhouses (3, 4, 10). Lehmannia valentiana are
opportunistic feeders of decaying wood and green plants (4). The development of
currently available products as effective means of slug and snail control could be
economical and timely.
Slugs (L. valentiana) were collected from the grounds of the Auburn University
from water valve covers, cultured hosta, and from under loose boards in June
2004. In the laboratory, slugs were separated by species and transferred into
clear plastic containers lined with moist paper towels. Paper towel liners were
changed twice weekly and sprayed with tap water daily to maintain moisture.
Slugs were fed commercially grown iceberg lettuce (Lactuca sativa L.), which
was eaten readily. All slugs were kept at room temperature, (72F) and starved for
76 h prior to feeding trials. In this study we evaluated the impact of various rates
of Kocide® 2000 [53.8% copper hydroxide (35% metallic copper equivalent), and
inert ingredients 46.2% (Grifﬁn, LLC Valdosta, GA)] on L. valentiana feeding.
Kocide®2000 was used at 0 ppm (tap water), 3100 ppm Cu(OH)2 (2.04 tbsp/gal),
6300 ppm Cu(OH)2 (4.09 tbsp/gal), and 9400 ppm Cu(OH)2 (6.15 tbsp/gal)
representing a range of rates found on the Kocide® 2000 label. Iceberg lettuce
leaves were sprayed separately with a 1 US gal handheld sprayer (Ortho® Grab
& Go) 2-3 h prior to beginning the study, and allowed to air dry. Leaf plugs were
cut from iceberg lettuce leaves with a #8 cork borer, (0.26 in2). Each leaf plug
was dipped for 1 to 2 sec in its respective treatment 2 to 3 h prior to beginning
the study, and allowed to air dry then placed in plastic petri dishes, (4 x 0.6 in).
One leaf plug of each treatment was placed in each petri dish, (4 x 0.6 in), in
the same position within each dish, totaling 4 leaf plugs per dish with a total of
30 dishes. One slug was placed in the center of each dish. Ten dishes each
were covered and placed in 3 separate 15-gal aquariums. Within each aquarium
the dishes were covered with a cardboard box and a Styrofoam lid was placed
on each aquarium. The box and Styrofoam lid reduced the airﬂow around the
dishes preventing excessive loss of moisture from the dishes. Slugs were left
overnight and after approximately 12 h, the percent damage to each leaf plug by
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slug feeding was determined using a visual rating. The slugs were left overnight
and after approximately 12 h, damage to each leaf plug was measured with a
leaf area meter (LI-COR 3100, Lincoln, NE). Petri dishes were arranged in a
randomized complete block design and appropriate statistical procedures were
performed (Table 1).
Results and Discussion: Lehmannia valentiana preferred the untreated lettuce
to each of the other treatments in this study consuming 14x more untreated
lettuce compared with that treated at the lowest rate. As rates of Kocide®
increased, there was little change in area consumed. There was no slug mortality
recorded during the experiment. Although L. valentiana exhibited a preference
for the untreated lettuce, there was still feeding on some of the treated lettuce
leaf plugs. Because Kocide® 2000 is a wettable powder and requires constant
agitation during application, it is possible that the leaf plugs that received damage
did not receive adequate coverage due to inadequate agitation. Research has
shown Kocide® 2000 to be effective up to 24 days after application (8). If Kocide®
2000 were to become labeled for slug and snail control, no reason can be
found to recommend a use frequency exceeding that on the current label, thus
preventing any additional soil copper accumulation or aquatic pollution.
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Table 1. Leaf plug consumption per treatment by the three-banded slug
(Lehmannia valentiana).
Formulation
Kocide® 2000

Treatments
Cu(OH)2

Percentage
consumedZ

P value

0 ppm

52.06%

>0.05

3100 ppm

3.59%*

<0.0001

6300 ppm

0.23%*

<0.0001

9400 ppm

0.18%*

<0.0001

Multivariate analysis of variance (MANOVA) used to detect differences in consumption between
treatments.

Z

Means followed by ‘*’ are signiﬁcantly different from the mean for the untreated (0 ppm) according to
Hotelling’s T2 Test (p < 0.0001 in all cases).
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