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Significance to Industry: Pythium stem and root rot is considered the most consistent
and serious soil-borne disease problem in poinsettia production. Production greenhouse
management practices typically include a fungicide drench when cuttings are
transplanted. The standard conventional fungicide in the industry is mefenoxam
(metalaxyl) (Subdue Maxx) a high risk fungicide for resistance, which targets RNA
polymerase I in nucleic acid synthesis. Fungicide insensitivity metalaxyl exists in P.
aphanidermatum isolated from turfgrass as well as poinsettia roots. Resistance
management is a vital component of greenhouse production of floriculture crops when
pathogens such as Pythium spp. are the target fungi. A key component of resistance
management is integrating biofungicides into a disease management program.
Nature of Work: Pythium stem and root rot is favored by cool, saturated, poorly drained
soils. Moderately low soil temperatures reduces water usage by plants, which favors
Pythium stem and root rot in greenhouse production systems. Other factors that favor
disease development in poinsettias include excessive fertilizer levels and high pH.
The pathogen typically attacks below the soil surface and may extend up into the base
of the stem. Pythium spp. cause the lower stems and roots to become brown or black,
soft, water-soaked and rotted, and the outer layers of root tissue easily strip off leaving
a bare strand of inner vascular tissue exposed. Symptoms often become apparent when
poinsettia plants wilt and die suddenly. In plants that survive, the growth is often
stunted, and wilting may occur when the temperature is relatively high. Other symptoms
may include premature flowering and defoliation. Pythium irregulare and P. ultimum are
common species found in poinsettia, but P. aphanidermatum may account for most of
the Pythium stem and root rot cases.
This early stage research program was designed to evaluate biological fungicides alone
and in rotation with conventional fungicides to optimize the efficacy of biological
fungicides for controlling Pythium stem and root rot in poinsettia. The objectives were to
define fungicide programs using BW 240 (undergoing EPA registration) and other bioand conventional fungicides that are beneficial to production greenhouse growers for
controlling Pythium stem and root rot.
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'Prestige Red' poinsettia rooted cuttings were transplanted to 6-inch azalea pots and
placed on benches in the greenhouse in June 2010. The biofungicide study was
initiated with the application of biofungicide treatments (Table 1) four days prior to
introduction of the pathogen. Pythium-infested rice served as the inoculum. Inoculum
was prepared by sterilizing white rice in the autoclave for three successive days at 1
hour per 2.2 pounds rice. A pure colony four-day-old P. aphanidermatum growing on
potato dextrose agar was macerated in 8.45 fluid ounces sterile distilled water and
poured over 2.2 pounds sterile rice. The infested rice inoculum incubated three days in
the dark at 82oF. Non-infested sterile rice served as the control. Each poinsettia plant
was inoculated with 0.02 ounces of Pythium-infested rice; 1.0-inch from the stem at a
1.0-inch depth and immediately watered and allowed to drain. The common horticultural
practices were adopted and the poinsettias were watered to maintain adequate soil
moisture. Shade cloth was used to reduce greenhouse temperatures and prevent
scalding of poinsettias from 10:00 through 15:00. Greenhouse temperatures ranged
from 78o to 110oF throughout the study.
Shoot vigor was rated on a visual scale of 1 to 7 where 1 = dead plant and 7 = very
healthy. Six shoot vigor ratings were conducted on 27- and 30-Jul, 5-, 13-, 20-Aug, and
9-Sept (4, 7, 13, 21, 28 and 48 days after Pythium inoculation (DAI)). Plant growth
(shoot height, width and perpendicular width) were measured on 5- and 19-Aug and 3Sept (13, 27 and 42 DAI). On 9 Sept (48 DAI), poinsettias were removed from the pots
to complete a visual root rating (1 to 7; 1 = dead, 7 = very healthy). Poinsettia shoots
were harvested to measure fresh and dry weights. Table 1 outlines the biofungicide
treatments, treatment numbers corresponding to figures 1 through 3, active ingredient,
application rates, and timing and application method.
The greenhouse study was arranged in a randomized complete block design with 10
replicates per treatment. Treatment means were analyzed using ANOVA. All the
treatments were compared to the Pythium-infested control (#13) using the Dunnett test.
Results and Discussion: Wilting was observed in some treatments 4 DAI. At 48 DAI,
poinsettias treated with Subdue Maxx (#5), Magellan (#6) and Aliette (#8) had
significantly higher visual ratings compared to the Pythium-infested control (#13) and all
the other treatments were similar (Fig. 1). Similar results were observed for area under
the disease progress curve (AUDPC) and root rating (Fig. 2). The biofungicide
treatment #9, BW240 followed by RootMate, was numerically greater for the shoot vigor
and AUDPC compared to the Pythium-infested control (#13) (Figs. 1 and 2).
Poinsettias treated with Subdue Maxx had greater fresh weight compared to the noninfested control (#14); however the dry weight was reduced by more than 50%.
Treatments BW240 (#10) and BW240 (#9) both followed by RootMate were numerically
greater for fresh weight than the Pythium-infested control (#13). The treatment
responses for growth index at 13-, 27-, and 42 DAI were similar to results of the visual
rating data (Fig. 3). Although not significantly different, the growth index of BW 240
followed by RootMate (#9) was 59% greater than the Pythium-infested control (#13) at
42 DAI (Fig. 3).
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Based on the results of this study, the experimental biofungicide, BW 240 followed by
RootMate (#9), exhibited a level of numerically improved shoot vigor at all rating dates,
fresh weight, and overall AUDPC compared to the Pythium-infested treatment.
Additional studies are warranted to further evaluate BW 240 application rates, intervals,
rotations and tank-mixes with other biofungicides and conventional products that control
Pythium stem and root rot. In a separate study, BW 240 tank-mixed with Subdue Maxx
(0.5 fl oz/100 gallon water) provided very good control (Fig. 4) 42 DAI (data not shown).
While the standard conventional fungicide, Subdue Maxx, reduced Pythium stem and
root rot symptoms in poinsettias, the phosphonates Magellan and Alliete, also provided
significant Pythium control resulting in acceptable plant vigor and reduced AUDPC. The
phosphonate products may also be considered as an alternative control product in
poinsettia production disease management program for controlling Pythium stem and
root rot.
The technology developed from this and future evaluations will be transferred to
poinsettia production growers for use in their Pythium disease management programs
through Mississippi State University Extension Service outreach programs. The addition
of biofungicides and non-conventionals such as phosphonates will reduce the number
of applications and quantity of conventional fungicides that in turn will be
environmentally beneficial and simultaneously reduce the risk of fungicide resistance to
important fungicides such as Subdue Maxx.
Literature Cited:
1. Moorman, G.W., and Kim, S.H. 2004. Species of Pythium from greenhouses in
Pennsylvania exhibit resistance to propamocarb and mefenoxam. Plant Dis. 88:630632.
2. Moorman, G.W., Kang, S., Geiser, D.M., and Kim, S.H. 2002. Identification and
characterization of Pythium species associated with greenhouse floral crops in
Pennsylvania. Plant Dis. 86:1227-1231.
3. Nelson, P.V. 2003. Greenhouse operation & management. 6th ed. Prentice Hall,
Upper Saddle River, NJ.
4. Sanders, P.L. 1984. Failure of metalaxyl to control Pythium blight on turfgrass in
Pennsylvania. Plant Dis. 68:776-777
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Table 1. Biological fungicide protocol for control of Pythium stem and root rot in
poinsettia, IR-4 – 2010.
Treatment

2. BW 240

Active ingredient(s)
Trichoderma
harzianum
T. virens
Trichoderma
harzianum
T. virens

3. RootShield

T. harzianum

4. RootMate

T. virens

5. Subdue Maxx

mefenoxam

6. Magellan

phosphorous acid

7. Magellan

phosphorous acid

1. BW 240

8. Aliette
BW 240 fb
9. RootMate
BW 240 fb
10. RootMate
BW 240 fb
11. Magellan
BW 240 +
12. Subdue Maxx
Inoculated
13. control
Non-inoculated
14. control

fosetyl-Al

Pythium
aphanidermatum

Rate

Timing/method

12 oz/100 gal
water

1 app @ trial
initiation/drench

8 oz/100 gal
water
4 oz/100 gal
water
4 oz/100 gal
water
1 oz/100 gal
water
12 oz/100 gal
water
4 pt/100 gal
water
9.6 oz/100 gal
water
8.0 oz fb 4.0
oz/100 gal water
12.0 oz/ fb 4.0
oz/100 gal water
8.0 oz/ fb 6.0
oz/100 gal water
8.0 oz/ + 0.5
oz/100 gal water

1 app @ trial
initiation/drench
1 app @ trial
initiation/drench
1 app @ trial
initiation/drench
1 app @ trial
initiation/drench

0.5 gram/pot
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14-d interval/drench
14-d interval/ foliar
30-d interval
1 app fb 1
(WAT)/drench
1 app fb 1
WAT/drench
1 app fb 6
WAT/drench
1 app @ trial
initiation/drench
96 hours post
treatment app.

196

SNA Research Conference Vol. 56 2011

1

8

** *

7

3

4

*
*

6
S h o o t v is u a l ra tin g

*

2

*

5

6

*

7

9

*
*
*

5

8

10

*
*

11

12

13

*

14

*
*
**

4
3
2
1
0
4 DAI

7 DAI

13 DAI

21 DAI

28 DAI

48 DAI

Fig. 1. Shoot vigor visual rating of at 4, 7, 13, 21, 28 and 48 days after inoculation with
Pythiumaphanidermatum (DAI).
* indicates significant difference compared to the Pythium-infested control, treatment 13
based on Dunnett’s test at P = 0.05.
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Fig. 2. Area under the disease progress curve (AUDPC), shoot fresh weight (FW),
shoot dry weight (DW) and root rating at 48 days after inoculation with Pythium
aphanidermatum (DAI).
* indicates significant difference compared to the Pythium-infested control, treatment 13
based on Dunnett’s test at P = 0.05.
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Fig. 3. Growth index at 13, 27 and 42 days after inoculation with Pythium
aphanidermatum (DAI). * indicates significant difference compared to the Pythiuminfested control, treatment 13 based on Dunnett’s test at P = 0.05.
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Fig. 4. Poinsettia shoot vigor 42 days after inoculation with Pythium aphanidermatum.
Shoot vigor in poinsettia treated with BW 240 (8.0 oz) + Subdue Maxx (0.5 fl oz) was
similar to Subdue Maxx (1.0 fl oz) and the non-inoculated control.
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Survey for Bacterial Pathogens in Creeks at the Collins River Subwatershed
C. Korsi Dumenyo, Caleb Kersey, Sam Dennis and Debbie Eskandarnia
Department of Agricultural Sciences, Tennessee State University,
3500 John A. Merritt Blvd., Nashville, TN 37209
cdumenyo@tnstate.edu
Significance to Industry: The Collins River Watershed is heavily impacted by
agricultural activities and also by point source industrial pollution facilities. Recently,
questioned have been raised on the safety of the water obtained from this watershed. In
response, state authorities have described the microbial counts in these waters as
normal for areas with agricultural and urban run-off. The goal of this project was to test
the levels of common human bacterial pathogens in the waters within the Collins River
Watershed. This project will create baseline knowledge to detect changes in the
pathogens levels and therefore the need for watershed protection strategies. Out of 24
samples collected, half of which were associated with rain, only three tested positive for
one pathogen and we failed to detect two other pathogens from any of the samples.
Nature of Work: Watersheds are highly impacted by activities that take place within
them and those that are located within or near rural areas are especially impacted by
agricultural activities. These waters are at high risk of many negative effects such as
bank erosion, siltation, eutrophication, polluted runoff, and decreased dissolved oxygen.
Most nonpoint source pollution in these waters arises from agricultural and other
commercial activities. Most of these pollutants make their way into the water through
polluted surface run-off following rainfall events. Common bacterial pathogens in water
include Salmonella spp, Shigella sp, E. coli O157:H7, Pseudomonas aeruginosa,
Aeromonas hydrophila, and Helicobacter pylori.
The Collins River Watershed is approximately 811 square miles and includes parts of 6
Middle Tennessee counties. A part of the Cumberland River drainage basin, the
watershed has 1,003 stream miles and 69 lake acres. The main objective of this project
was to sample the waters of two creeks, Charles Creek and Hills Creek within the
Collins River watershed for common bacterial pathogens associated with agricultural
activities.
Three sampling sites were located in each of the creeks where water samples were collected.
Most of the treatment of the water sample followed modified methods of (Fincher et al. 2009).
About a liter of water was collected from each site in 1-L sterile polypropylene bottles. The
bottles were submerged approximately 1 m from the shore and 10 cm under water. Water
samples were kept on ice until brought to the laboratory where they were refrigerated and
analyzed.
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About 100 ml of each sample was centrifuged at 5,200 rpm. The pelletted material was
resuspeded in about 5 ml of the remaining water. About 1 ml of this resupension was
inoculated into Terrific Broth and cultured at 37 °C overnight. Genomic DNA was
extracted from these cultures using Promega Wizzard Genomic DNA kit. The DNA
samples were tested for E. coli O157:H7, Listeria monocytogenes and for Salmonella
enterica. PCR products were resolved on agarose gels and compared to results using
known pathogen DNA. The specificity of the primers used for the detection has been
described by Mustapha and Li (2006) and Ortege (2006).
Results and Discussion: Water samples were tested for three pathogens, E. coli
O157:H7, Salmonella enterica and Listeria monocytogenes. Listeria and Salmonella
were not detected in any samples. These data suggest that these two pathogens may
not be a problem in these waters. Although the samples were taken at one time, it is
unlikely that samples taken at other times will contain significant levels of this pathogen.
For a more dependable results, sampling has to be done over a period of time. For this
study, we took two samples from each location. One of these samples is associated
with rainfall. Therefore, our failure to obtain any positive test for these pathogens
strongly suggest the run off from the impacted activity areas is fairly free of these
pathogens.
Three samples, samples 16, 19 and 24 tested positive for E. coli (Table 2, Figure 1).
Two of the positive samples came from the Collins River itself and one from Charles
Creek. That two of the river samples tested positive for E. coli could probably be
explained by the fact that the river contains water from all the creeks that feed into it. It
therefore has a higher chance of containing any of the pathogens that may be present
in the creeks that empty into the river.

Literature Cited
1. Campbell C. 30 May 2008. Resident says Warren County River polluted - State
says levels are normal where there is urban, agricultural runoff. In WSMV
Channel 4 TV. USA
2. Fincher LM, Parker CD, Charuret CP. 2009. Occurrence and antibiotic resistance
of Escherichia coli O157:H7 in a watershed in North-Central Indiana. J. Environ.
Qual. 38: 997-1004
3. Mustapha A, Li Y. 2006. Molecular detection of foodborne bacterial pathogens. In
PCR methods in Foods, ed. J Maurer, pp. 69-90. New York: Springer
4. Ortege Y. 2006. Molecular tools for the identification of foodborne parasites. In
PCR methods in Foods, ed. J Maurer, pp. 119-45. New York: Springer

Pathology Section

201

SNA Research Conference Vol. 56 2011

Table 1. Primers for specific detection of pathogens in water samples.
Primer Name

Species

Primer Sequence

EHEC 0157 stx1-F
EHEC 0157 stx1-R
L-monocyt iap-F
L-monocyt iap-R
Salmonella-F
Salmonella-R

E. coli

CAGTTAATGTGGTGGCGAAGG
CACCAGACAATGTAACCGCTG
CAAACTGCTAACACAGCTACT
GCACTTGAATTGCTGTTATTG
AGCCAACCATTGTAAATTGGCGCA
GGTAGAAATTCCCAGCGGGTACTG

L. monocytogenes
Salmonella

Table 2. Samples used in the test
Sample #
7
9
11
19
21
23
1
3
5
13
15
17
8
10
12
20
22
24
2
4
6
14
16
18

Location
HC1 5/1
HC2 5/1
HC3 5/1
CR1 5/4
CR2 5/4
CR3 5/4
MC1 5/1
MC2 5/1
MC3 5/1
CC1 5/4
CC2 5/6
CC3 5/6
HC1 5/20
HC2 5/20
HC3 5/20
CR1 5/19
CR2 5/19
CR3 5/19
MC1 5/20
MC2 5/20
MC3 5/20
CC1 5/19
CC2 5/19
CC3 5/19

Date
Collected
1-May-09
1-May-09
1-May-09
4-May-09
4-May-09
4-May-09
1-May-09
1-May-09
1-May-09
4-May-09
6-May-09
6-May-09
20-May-09
20-May-09
20-May-09
19-May-09
19-May-09
19-May-09
20-May-09
20-May-09
20-May-09
19-May-09
19-May-09
19-May-09

Rain
Event
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
N
N
N
N
N
N
N
N
N
N
N

CC = Charles Creek
HC = Hills Creek
CR = Collins River
MC = Mountain Creek
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Figure 1. Agarose gel of PCR-amplified DNA from water samples. The test is
testing for the presence of Salmonella in the water samples. Lanes 1, DNA ladder;
2, CC2 5/19; 3, CR1 5/4; 4, control (no DNA); 5, Positive control (Salmonella DNA);
6, CR3 5/19.
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Organic Fungicides Compared for Foliar Disease Control on
Crape Myrtle and Hydrangea
A. K. Hagan1, J. R. Akridge2, J. W. Olive3 and J. Stephenson3
1

Department of Entomology and Plant Pathology, Auburn University, Auburn, AL 36849
2
Brewton Agricultural Research Unit, Brewton, AL 36427
3
Mobile Ornamental Research Unit, Mobile, AL 36608

Index Words: Bonide Liquid Copper Fungicide, Bonide All Seasons Horticultural Spray
and Dormant Oil Concentrate, MilStop 85W, Garden Disease Control RTU, Serenade
Disease Control RTU, Green Leaf Neem Concentrate, Bonide Bonide Citrus, Fruit, and
Nut Orchard Spray Concentrate, Southern Ag Liquid Copper Fungicide, EcoSense
Garden Disease RTU, Daconil Ultrex, Immunox, Cercospora leaf spot, powdery mildew,
Corynespora leaf spot, biorational fungicide.
Significance to Nursery Industry: Consumers are interested in organic alternatives to
synthetic fungicides for controlling diseases on herbaceous and woody ornamentals.
Unfortunately, efficacy of retail or commercial OMRI-certified organic fungicides against
diseases is not well documented. In this series of trials, the organic fungicide Bonide All
Seasons Horticultural and Dormant Spray Oil Concentrate gave superior control of
Cercospora leaf spot on field grown crape myrtle when compared with selected
synthetic and organic fungicides. Previously, the active ingredient (paraffinic oil) in this
product has been highly effective in controlling powdery mildew on hydrangea (4). With
the exception of Green Light Neem Concentrate, all organic fungicides along with the
synthetic fungicide standards gave a very high level of powdery mildew control. With
Corynespora leaf spot, organic fungicides except for Bonide Liquid Copper Fungicide
were usually less efficacious than the synthetic commercial and retail fungicide
standards Heritage 50WDG and Immunox, respectively. Southern Ag Liquid Copper
Fungicide, which is not an OMRI-certified organic product, gave superb control of
Corynespora leaf spot but proved highly phytotoxic to hydrangea. Some rugosity and
leaf distortion similar to that noted on the Southern Ag Liquid Copper Fungicide –treated
plants was also noted on the juvenile leaves on the Bonide Liquid Copper Fungicidetreated hydrangea. No copper fungicide induced phytotoxicity was noted on the
crapemyrtle.
Nature of Work: Organic or biorational fungicides, which purportedly have few negative
impacts on the environment, are being heavily promoted as replacements for synthetic
fungicides for the control of diseases of ornamentals as well as vegetables and tree
fruits in residential landscapes. The number of studies conducted to evaluate the
performance of retail organic fungicides for the control of ornamentals diseases is
limited. Mmbaga and Sauve (6) noted that weekly applications of Armicarb® 100, which
contains potassium bicarbonate, controlled powdery mildew on flowering dogwood as
effectively as the synthetic fungicides Heritage 50WDG (azoxystrobin) and Banner
MAXX (propiconazole). Control of powdery mildew on deciduous azalea (8),
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hydrangea (4), and monarda [bee balm] (7) as well as black spot on rose (5) has also
been obtained with several formulated potassium bicarbonate products. On field grown
flowering dogwood, Hagan and Akridge (1) noted that the organic fungicides SunSpray
Ultra Fine Oil (paraffinic oil), Neem Concentrate (neem extract), and Rhapsody
(Serenade biofungicide) had to be applied twice as often as a synthetic fungicide to
obtain a similar level of powdery mildew control. In contrast, SunSpray Ultra Fine Oil
and to a lesser extent MilStop 85W proved nearly as effective as the synthetic
fungicides Heritage 50WDG and Eagle 40W in controlling powdery mildew on
hydrangea (4). In contrast to powdery mildew, efficacy of organic fungicides for the
control of aggressive leaf spot and blight diseases on woody ornamentals is not well
known. Hagan and Akridge (1) found that SunSpray Ultra Fine Oil, Neem Concentrate,
and Rhapsody failed to give the level of spot anthracnose and Cercospora leaf spot
control needed to produce quality field or container-grown flowering dogwood.
Cercospora leaf spot, which is characterized by tan to dark brown spots randomly
scattered on yellow to red discolored leaves, can ruin the fall color display of crape
myrtle but has little impact on tree growth (3). While the ideal control of Cercospora leaf
spot is the establishment of disease resistant cultivars, relatively few crape myrtle
cultivars in the trade have a high level of resistance to this disease. As a result,
fungicides may be periodically needed to control this disease on specimen crape myrtle.
Preliminary trials (2) suggest that only a few synthetic fungicides appreciably slow
disease development on field grown crape myrtle.
Bigleaf hydrangea (Hydrangea macrophylla) is not only widely used in landscape
plantings across Alabama but also is a staple crop for the florist industry. While
powdery mildew is often cited as the dominant disease on bigleaf hydrangea (9), leaf
spots and blights incited by fungi such as Cercospora arborescentis, Myrothecium
roridum, Phoma exigua and Corynespora cassicola may have a detrimental impact on
plant aesthetics in the landscape or on the salability of container-grown plants (6).
While selected organic and synthetic fungicides effectively control powdery mildew on
bigleaf hydrangea (4); however, their performance against any of the above leaf spot
and blight diseases on bigleaf hydrangea is unknown.
This report compares the efficacy of selected organic and synthetic fungicides for the
control of Cercospora leaf spot on field-grown crapemyrtle as well as powdery mildew
and Conyespora leaf spot on container-grown bigleaf hydrangea.
Crape myrtle - ‘Wonderful White’ crape myrtle were transplanted in February 2004, into
a Benndale sandy loam soil (≤ 1% organic material) at the Brewton Agricultural
Research Unit (USDA Hardiness Zone 8a). Prior to planting, soil fertility and pH were
adjusted according to the results of a soil fertility assay. A drip irrigation system was
installed at planting and the trees were watered as needed. An application of 16-4-8
analysis fertilizer at 60 lb/A of actual N was made annually in April. A randomized
complete block design with four single-plant replications was used. With the exception
of Heritage 50WDG (azoxystrobin) which was applied only on a 2-week schedule,
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Daconil Ultrex (chlorothalonil), Bonide Liquid Copper Fungicide (copper octanoate),
Bonide All Seasons Horticultural Spray and Dormant Oil Concentrate (paraffinic oil), and
MilStop 85W (potassium bicarbonate) were applied at 1- and 2-week intervals to drip
with a tractor mounted sprayer using a hand wand with a single flood-type nozzle tip at
the above intervals beginning on 10 July until 23 September 2009 and 8 July until 9
September 2010. Cercospora leaf spot (CLS) intensity was visually rated on 29
September 2009 and 19 September 2010 using a modified Florida 1 to 10 peanut leaf
spot rating scale where 1 = no disease, 2 = very few lesions in canopy, 3 = few lesions
noticed in lower and upper canopy, 4 = some lesions in lower and upper canopy with <
10% defoliation, 5 = lesions noticeable and < 25% defoliation, 6 = lesions numerous and
< 50% defoliation, 7 = lesions very numerous and < 75% defoliation, 8 = numerous
lesions on few remaining leaves and <90% defoliation, 9 = very few remaining leaves
covered with lesions and < 95% defoliation, and 10 = plants defoliated. Significance of
treatment effects was tested by analysis of variance and Fisher’s protected least
significant difference (LSD) test (P<0.05).
Hydrangea - In 2009 and 2010, rooted cuttings of the bigleaf hydrangea ‘Dooley’ were
transplanted into #1 (C-650) containers filled with a pine bark:peat moss medium (3:1
by vol) amended with 14 lb of Osmocote 17-7-12, 6 lb of dolomitic limestone, 2 lb of
gypsum, and 1.5 lb of Micromax per yd3 of potting mixture. Plants were maintained
outdoors on a clam shell-covered bed under 47% shade cloth and watered daily with
overhead impact sprinklers. The experimental design was a randomized complete
block with six single plant replications. Serenade Disease Control RTU and EcoSense
Garden Disease RTU (ready to use) were applied with a hand pump spray bottle,
whereas the remaining fungicide treatments were applied to drip with a CO2-pressurized
sprayer. Fungicide treatments were scheduled at the intervals listed below from 10
August and 12 October 2009 and 8 July to 20 October 2010. Heritage 50WDG and
Immunox (myclobutanil) applications were made on a 2-week compared with a 1-week
schedule for Bug Oil (unknown a.i.) and Garden Disease Control RTU (copper
octanoate) in 2009, as well as Serenade Disease Control RTU (Bacillus subtilis
QST713), Green Leaf Neem Concentrate (neen oil extract), and Bonide Citrus, Fruit,
and Nut Orchard Spray Concentrate (sulfur + pyrethrins) in both years, along with
Bonide Liquid Copper Fungicide (copper octanoate), Southern Ag Liquid Copper
Fungicide, and MilStop 85W in 2010. Powdery mildew incidence was visually rated on
14 and 28 October in 2009 and 2010, respectively, using a 0 to 11 Horsfall and Barratt
rating scale where 0 = no disease, 1 = 0 to 3%, 2 = 3 to 6%, 3 = 6 to 12%, 4 = 12 to
25%, 5 = 25 to 50%, 6 = 50 to 75%, 7 = 75 to 87%, 8 = 87 to 94%, 9 = 94 to 97%, 10 =
97 to 100 %, and 11 = 100% of leaves colonized by E. polygoni. Corynespora leaf spot
intensity was visually rated on 14 October 2009 and 28 October 2010 using a modified
1 to 10 Florida peanut leaf spot scoring system as previously described. Significance of
treatment effects was tested by analysis of variance and Fisher’s protected least
significant difference (LSD) test (P<0.05).
Weather Patterns - While rainfall in July, August, September and October 2009 were
average to above average 30 year total for those months, rainfall totals for 2010 at both
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study locations were below to well below and temperatures higher compared with the
historical average for the Brewton Agricultural Research Unit in Brewton, AL and
Ornamental Horticulture Research Unit in Mobile, AL.
Results and Discussion
Crape myrtle - When compared with the non-treated control in 2009, Cercospora leaf
spot intensity was not reduced with Daconil Ultrex applied at 1- or 2-week intervals,
MilStop 85W applied at 2-wk intervals or with Heritage 50WDG. In contrast, significant
reductions in disease intensity were obtained with Bonide Liquid Copper Fungicide and
MilStop 85W applied at 1-week intervals along with the All Seasons Horticultural and
Dormant Spray Oil applied at 1- and 2-week intervals, which gave equally effective
Cercospora leaf spot control. Bonide Liquid Copper Fungicide controlled Cercospora
leaf spot better when applied at 1- compared with 2-week intervals. Regardless of
application interval, All Seasons Horticultural and Dormant Spray Oil gave better
Cercospora leaf spot control than Daconil Ultrex, MilStop 85WP, and Bonide Liquid
Copper Fungicide applied on a 2- but not 1-week schedule.
In 2010, Cercospora leaf spot intensity was not reduced with Heritage 50WDG, Daconil
Ultrex, Bonide Liquid Copper Fungicide, or the 2-week MilStop 85W program when
compared with the non-treated control. Significant reductions in disease intensity were
obtained with the 1-week MilStop 85W program as well as the 1- and 2-week All
Seasons Horticultural Spray and Dormant Oil Concentrate and Bonide Liquid Copper
Fungicide programs. The latter two fungicide programs proved equally effective in
controlling Cercospora leaf spot when applied at 1- and 2-week intervals. At both
application intervals, All Seasons Horticultural Spray and Dormant Oil Concentrate gave
superior Cercospora leaf spot control than either the 1- or 2-week Daconil Ultrex
program, as well as the 2-week MilStop 85WP and Bonide Liquid Copper Fungicide
programs.
Over the two year study period, the organic fungicide All Seasons Horticultural Spray Oil
Concentrate gave better control of Cercospora leaf spot not only the organic fungicides
Bonide Liquid Copper Fungicide and MilStop 85W but also the synthetic fungicides
Heritage 50WDG and Daconil Ultrex, which had ratings similar to the non-treated
control (2). In addition, Hagan and Akridge (2) also showed that the All Seasons
Horticultural Spray and Dormant Oil Concentrate when applied at 1 and 2-week
intervals proved similarly effective in controlling this disease. While Heritage 50WDG
reduced the level of leaf spotting and premature leaf loss on crapemyrtle in a previous
trial, Daconil Ultrex did not (2). When applied weekly, Bonide Liquid Copper Fungicide
and MilStop 85W also gave some modest protection from Cercospora leaf spot.
Hydrangea - With the exception of Garden Safe Fungicide 3, no signs or symptoms of
powdery mildew were seen on the fungicide-treated hydrangea in 2009. Powdery
mildew incidence was significantly higher on the non-treated controls compared with the
Garden Safe Fungicide 3-treated hydrangea, which did not give effective disease
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control when compared with the other organic and synthetic fungicides. Significant
reductions in Corynespora leaf spot intensity were obtained with all fungicides except
for Bug Oil and Garden Safe Fungicide 3. Weekly applications of Serenade Disease
Control RTU and EcoSense Garden Disease Control RTU were as effective in
controlling Corynespora leaf spot as Heritage 50WDG applied at 2-wk intervals.
Immunox gave significantly better Corynespora leaf spot control than Serenade Disease
Control RTU, EcoSense Garden Disease Control RTU, and Citrus, Fruit, and Nut
Orchard Spray Concentrate, which gave similar control of this disease. A slight
distortion of the tip of newly emerging leaves was noted on the EcoSense Garden
Disease Control RTU-treated hydrangea.
When compared with the non-fungicide treated control, all fungicide treatments provided
a high level of powdery mildew control in 2010. While the Heritage 50WDG- and
MilStop 85W-treated hydrangea had highest powdery mildew ratings, disease incidence
was very low. Bonide Liquid Copper Fungicide, Immunox, Southern Ag Liquid Copper
Fungicide, and Heritage 50WDG proved equally effective in protecting hydrangea from
Corynespora leaf spot. When compared with the non-treated control, a reduction in
disease was also obtained with MilStop 85W and Green Light Neem Concentrate.
Serenade Disease Control RTU and Citrus, Fruit, and Nut Orchard Spray Concentrate
failed to reduce Corynespora leaf spot intensity below levels noted on the non-treated
control. Southern Ag Liquid Copper Fungicide and to a lesser extent Bonide Liquid
Copper Fungicide were phytotoxic to the leaves of hydrangea.
Due to the vulnerability of the fungal mycelia on the upper leaf surfaces, powdery
mildew was almost completely controlled in both years with the synthetic fungicides and
nearly all of the organic fungicides except Green Light Neem Concentrate in 2009. In
contrast, Green Light Neem Concentrate was equally effective in controlling powdery
mildew as the other organic fungicides in 2010. Previously, Hagan and Akridge (1)
obtained similar powdery mildew control on flowering dogwood with weekly Neem
Concentrate as well as SunSpray Ultra Fine Oil treatments under light but not heavy
disease pressure. Effectiveness of the organic and synthetic fungicides for the control
of Corynespora leaf spot significantly differed. In both years, the synthetic fungicides
Heritage 50WDG and Immunox greatly reduced the level of leaf spotting and premature
defoliation associated with this disease. While also effective against Corynespora leaf
spot, the leaves on the Bonide Liquid Copper Fungicide and Southern Ag Liquid Copper
Fungicide-treated hydrangea were slightly too severely deformed.
In summary, All Seasons Horticultural Spray and Dormant Oil Concentrate proved to be
the treatment of choice for controlling Cercospora leaf spot on crape myrtle. Activity of
this organic fungicide was often superior to that obtained with not only the other organic
fungicides but also the synthetic fungicides, particularly when applied at 2-week
intervals. Generally, the organic and synthetic fungicides both gave superior control of
powdery mildew on hydrangea. However, the organic fungicides were applied at 1compared with 2-week intervals, so some decline in the efficacy of organic fungicides,
as has been shown in previous trials (1), probably would occur when application interval
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were extended to 2 weeks. In contrast to powdery mildew, organic fungicides, except
for Bonide Liquid Copper Fungicide, displayed little activity against Corynespora leaf
spot. Unfortunately, Bonide Liquid Copper Fungicide and particularly the Southern Ag
Liquid Copper Fungicide were phytotoxic to hydrangea. Phytotoxicity issues such as
those encountered would greatly limit the use of these two and other copper-based
fungicides on hydrangea and possibly other copper sensitive woody ornamentals.
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Table 1. Organic and synthetic fungicides compared for the control of Cercospora leaf
spot on field-grown ‘Wonderful White’ crape myrtle at the Brewton Agricultural Research
Unit in Brewton, AL.
Spray
interval
(week)
--1
2
1

Cercospora
leaf spotz
2009
2010
7.0 ay
7.0 a
5.0 de
5.5 cd
5.8 cd
6.5 ab
4.5 e
4.8 d

Fungicide and rate/100 gal
Untreated Control
Bonide Liquid Copper Fungicidex 0.8 gal
Bonide Liquid Copper Fungicide 0.8 gal
All Seasons Horticultural Spray and Dormant Oil
Concentratex 1.2 gal
All Seasons Horticultural Spray and Dormant Oil
2
4.5 e
5.3 d
Concentrate 1.2 gal
MilStop 85Wx 2.5 lb
1
6.0 bc
5.8 bcd
MilStop 85W 2.5 lb
2
6.8 ab
6.3 abc
Heritage 50W 4 oz
2
6.5 abc
6.5 ab
Daconil Ultrex 82.5 WDG 1.4 lb
1
6.5 abc
6.0 bcd
Daconil Ultrex 82.5 WDG 1.4 lb
2
7.0 a
6.5 ab
z
Cercospora leaf spot (CLS) intensity was assessed using a modified 1 to 10 Florida
leaf spot rating scale.
y
Means followed by the same letter are not significantly different according to Fisher’s
protected least significant difference test (P<0.05).
x
OMRI certified organic fungicide.
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Table 2. Organic and synthetic fungicides compared for powdery mildew and Corynespora leaf
spot control on container-grown ‘Dooley’ hydrangea at the Ornamental Horticulture Research
Unit in Mobile, AL.
Spray
interval
(week)
1
1
1
1
1

Powdery
mildewz
2009
2010
0 cx
--0c
0c
0c
48 b
0c
0c
0c

Corynespora
leaf spoty
2009
2010
4.7 aby
--2.2 cd
2.8 cd
3.8 ab
4.7 ab
3.3 b
3.8 bc
3.5 ab

Treatment and rate/100 gal
Bug Oil 2 gal
Bonide Liquid Copper Fungicidew 1.5 gal
Serenade Disease Control RTUwv
Green Light Neem Concentratew 0.8 gal
Citrus, Fruit, and Nut Orchard Spray
Concentrate 2 gal
EcoSense Garden Disease Control RTUwv
1
0c
-3.0 cd
-Southern Ag Liquid Copper Fungicide 1.1 qt
1
-0c
-1.5 d
MilStop 85Ww 1.5 lb
1
-1b
-3.2 b
Heritage 50WDG 4 oz
3
0c
1b
2.2 de
1.8 d
Immunox 1.55% 0.8 gal
2
0c
0c
1.8 e
2.5 c
Non-treated Control
-62 a
76 a
5.3 a
4.3 a
z
Powdery mildew was visually rated using the 0 to 11 Horsfall and Barratt rating scale
and disease ratings were back transformed to percent values for presentation.
y
Corynespora leaf spot was rated using a modified Florida 1 to 10 peanut leaf spot
rating scale.
x
Means separation within columns was according to Fisher’s protected least significant
difference test (P<0.05).
w
OMRI certified organic fungicide.
v
RTU (ready to use) formulations were applied with a hand pump spray bottle.
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Reaction of Ornamental Switchgrass (Panicum virgatum) Selections to
Rust and Anthracnose
A. K. Hagan, J. R. Akridge, and K. L. Bowen
1

Department of Entomology and Plant Pathology, Auburn University, Auburn, AL 36849
2
Brewton Agricultural Research Unit, Brewton, AL 36427

Index Words: Disease resistance, resistant varieties, Puccinia emaculata,
Colletotrichium navitas.
Significance to Nursery Industry: Rust and anthracnose are emerging threats to the
health and beauty of ornamental switchgrass. Of the two diseases, rust, which was
noted on all selections, is most likely to degrade the aesthetics of switchgrass in
commercial and landscape plantings. Switchgrass selections that suffered the least rust
damage and had the highest aesthetic value throughout the growing season were
Shenandoah, Rotstralbush, Haense Herms, and Northwind. Unacceptably high levels
of rust-related leaf death were noted on Dewey Blue, Dallas Blue, Panicum virgatum,
and Badlands. Anthracnose noticeably damaged only Prairie Sky, a selection that in
contrast suffered little rust damage.
Nature of Work: While well known as a potential high energy feed stock for biofuel
production (7), a number of switchgrass (Panicum virgatum) selections have been
released for use as accents, screens, or specimen plants in residential and commercial
landscapes and are considered both pest and drought resistant (5,7). Rust caused by
the fungus Puccinia emaculata, which is recognized as a potentially damaging disease
(7), has been recently reported in feed stock switchgrass plantings at multiple locations
in Arkansas (3), Iowa (2), and Tennessee (8). Existence of multiple races of P.
emaculata as noted by Li et al. (5) could minimize the value of rust-resistant selections
as a tool for managing this disease in field or landscape plantings of switchgrass.
Previously, ornamental switchgrass cultivars Shenandoah, Northwind, and wild type
Panicum virgatum had the lowest rust ratings in an Illinois field trial (4), while Prairie
Sky, Dallas Blues, Haense Herms, and Cloud 9 were among the most rust-susceptible.
Other potentially damaging fungal diseases on switchgrass include spot blotch incited
by Bipolaris sorokiniana (7) and anthracnose incited by Colletotrichium navitas (1).
Recently, severe anthracnose incited leaf spotting on the ornamental switchgrass
Prairie Sky was reported by Li et al. (6). In Alabama, anthracnose was also diagnosed
in 2010 on switchgrass feed stock breeding material (Hagan, personal observation).
Switchgrass selections were transplanted from trade gallon containers in 23 February
2010 into a Benndale sandy loam soil (≤ 1% organic material) at the Brewton
Agricultural Research Unit (USDA Hardiness Zone 8a). Prior to planting, soil fertility
and pH were adjusted according to the results of a soil fertility assay. A drip irrigation
system was installed at planting and the plants were watered as needed. An
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application of 400 lb/A of 5-10-15 analysis fertilizer was made on 30 March. Preemergent weed control was obtained with an application of Surflan AS at 2 qt/A +
Gallery at 1 lb/A was applied on 30 March. A randomized complete block design with
six single-plant replications was used. Rust and anthracnose intensity was visually
rated on 16 August and 16 September 2010, respectively using a modified Florida 1 to
10 peanut leaf spot rating scale where 1 = no disease, 2 = very few lesions/pustules in
canopy, 3 = few lesions/pustules noticed in canopy, 4 = some lesions/pustules in
canopy and < 10% leaf death, 5 = lesions/pustules noticeable and < 25% leaf death, 6 =
lesions/pustules numerous and < 50% leaf death, 7 = lesions/pustules very numerous
and < 75% leaf death, 8 = numerous lesions/pustules on remaining green leaves and
<90% leaf death, 9 = very few remaining green leaves covered with lesions/pustules
and < 95% leaf death, and 10 = all leaves dead. Significance of treatment effects was
tested by analysis of variance and Fisher’s protected least significant difference (LSD)
test (P<0.05).
Results and Discussion: Despite extended periods of hot and dry summer weather,
severe rust and anthracnose damage was noted on some switchgrass selections, which
differed in their reaction to these two diseases. Symptoms of anthracnose and rust
were noted in mid-June and disease development continued into early fall. Of 13
switchgrass selections, considerable anthracnose-related leaf spotting and blighting
was noted only on Prairie Sky, which in contrast suffered the least rust damage. Light
to moderate rust development, which was not noticeable until September, was seen on
Shenandoah, Rotstralbush, Haense Herms, and Northwind. Heaviest rust damage with
50% to 75% leaf mortality was recorded on Dewey Blue, Dallas Blue, wild type Panicum
virgatum, and Badlands.
As previously noted by Jacobs and Terrell (4), the switchgrass selections Shenandoah
and Northwind displayed good resistance to rust in this study, while Cloud 9, Heavy
Metal, and Dallas Blue suffered heavy damage. Although Panicum virgatum was rust
resistant in Illinois (4), this selection proved as susceptible to rust as the latter two
switchgrass selections. In contrast, Prairie Sky and Haense Herms switchgrass, which
had among the lowest rust ratings in the Alabama study, suffered severe rust damage in
Illinois (4). Presence of different strains of the rust fungus as reported by Li et al. (5)
could account for the regional differences in the reaction of ornamental switchgrass
selections to rust. As noted by Li et al. (6), Prairie Sky is highly susceptible to
anthracnose.
Literature Cited
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2. ravert, C. E. and G. P. Munkvold. 2002. Fungi and diseases associated with
cultivated switchgrass in Iowa. J. Iowa Acad. Sci. 109:30-34.
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3. Hirsch, R. L., D. O. TeBeest, B. H. Bluhm, and C. P. West. 2010. First report of
rust caused by Puccinia emaculata on switchgrass in Arkansas. Plant Dis.
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4. Jacobs, K. A. and C. I. Terrell. 2004. Evaluation of ornamental switch grass
susceptibility to rust, 2003. Biological and Cultural Tests for the Control of Plant
Diseases 19:O008.
5. Li, Y., M. Windham, R. Trigiano, A. Windham, B. Ownley, G. Gwinn, J. Zale, and
J. Spiers. 2009. Rust diseases in ornamental grasses. Proc. Southern Nur.
Assoc. Res, Conf. 54:81-82.
6. Li., Y., M. Windham, R. Trigiano, P. Wadi, K. Moulton, A. Windham, and J.
Spiers. 2010. Anthracnose: a new disease in ornamental grasses. Proc.
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7. Parrish, D. J. and J. H. Fike. 2005. The biology and agronomy of switchgrass
for biofuels. Critical Rev. in Plant Sci. 24:423-459.
8. Zale, J., L. Freshour, S. Agarwal, J. Sorochan, B. H. Ownley, K. D. Gwinn, and L.
A. Castelbury. 2008. First report of rust on switchgrass (Panicum virgatum)
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Table 1. Reaction of ornamental switchgrass selections to anthracnose and rust at the
Brewton Agricultural Research Unit in 2010.
Switchgrass selection

Anthracnose
z

Rustz

Prairie Sky
5.3 ay
1.6 f
Shenandoah
1.0 b
4.0 e
Rotstralbush
1.0 b
4.2 e
Haense Herms
1.0 b
4.8 de
Northwind
1.0 b
4.8 de
Thundercloud.
1.0 b
5.7 cd
Cheyenne Sky
1.0 b
5.7 cd
Heavy Metal
1.0 b
6.0 bc
Badlands
1.0 b
6.4 abc
1.0 b
6.8 ab
Panicum virgatumx
Dallas Blue
1.0 b
7.0 a
Dewey Blue
1.0 b
7.0 a
Cloud 9
1.0 b
7.3 a
z
Anthracnose and rust intensity were rated on 16 August and 16 September,
respectively, using a modified Florida 1 to 10 peanut leaf spot rating scale.
y
Means in each column that are followed by the same letter are not significantly different
according to Fisher’s least significant difference (P<0.05) test.
x
Wild type.
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Control of Rust on Panicum (switchgrass) with Fungicides
A. K. Hagan1 and J. R. Akridge2
1

Department of Entomology and Plant Pathology, Auburn University, Auburn, AL 36849
2
Brewton Agricultural Research Unit, Brewton, AL 36427

Index Words: Chemical control, Puccinia emaculata, Daconil Ultrex, Heritage 50WDG,
Banner MAXX. Eagle 40W, 3336 4.5F, Medallion 50W, Palladium 62.5WG.
Significance to Nursery Industry: Rust is a significant threat to container and
landscape plantings of ornamental switchgrass selections. The fungicides Eagle 40W
and Heritage 50WDG when applied at 2-week intervals effectively controlled rust on the
susceptible switchgrass selection ‘Dallas Blue’. In contrast, 3336 4.5F, Banner MAXX,
Medallion 50W and Palladium 62.5WG failed to provide any protection from switchgrass
rust.
Nature of Work: A damaging rust disease on switchgrass (5), which caused by the
fungus Puccinia emaculata, has been recently reported in feed stock plantings at
multiple locations in Arkansas (2), Iowa (1), and Tennessee (6). Outbreaks of this
disease in ornamental switchgrass plantings have also been reported in Illinois (3) as
well as North Carolina and Tennessee (4). Jacobs and Terrell (3) also noted the
detrimental impact of rust on the aesthetics of ornamental switchgrass selections. In
2010, extensive rust damage was noted in container-grown Cloud 9 ornamental
switchgrass in southwest Alabama (Hagan, personal observation). Significant
differences in the rust severity among ornamental switchgrass selections have been
noted in recent trials in Illinois (3) and Tennessee (4). While the production and
establishment of resistant selections is the preferred method of avoiding damaging rust
outbreaks, fungicides may be required, particularly in a production nursery, to protect as
well as maintain the quality of finished container stock. However, no information is
available concerning the efficacy of fungicides for the control of rust on ornamental
switchgrass. The report summarizes a project designed to assess the efficacy of a
range of commercial fungicides for the control of rust on ornamental switchgrass.
The switchgrass cv ‘Dallas Blues’ was transplanted from #1 containers on 23 February
2010 into a Benndale sandy loam soil (≤ 1% organic material) at the Brewton
Agricultural Research Unit (USDA Hardiness Zone 8a). Prior to planting, soil fertility
and pH were adjusted according to the results of a soil fertility assay. A drip irrigation
system was installed at planting and the plants were watered as needed. An
application of 400 lb/A of 5-10-15 analysis fertilizer was made on 30 March. A
randomized complete block design with six single-plant replications was used.
Fungicide treatments were applied beginning on 2 June until 20 September at 2-week
intervals to drip with a tractor mounted sprayer using a hand wand with a single floodtype nozzle. Rust intensity was visually rated on 16 September using a modified Florida
1 to 10 peanut leaf spot rating scale where 1 = no disease, 2 = very few
lesions/pustules in canopy, 3 = few lesions/pustules noticed in canopy, 4 = some
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lesions/pustules in canopy and < 10% leaf death, 5 = lesions/pustules noticeable and <
25% leaf death, 6 = lesions/pustules numerous and < 50% leaf death, 7 =
lesions/pustules very numerous and < 75% leaf death, 8 = numerous lesions/pustules
on remaining green leaves and <90% leaf death, 9 = very few remaining green leaves
covered with lesions/pustules and < 95% leaf death, and 10 = all leaves dead.
Significance of treatment effects was tested by analysis of variance and Fisher’s
protected least significant difference (LSD) test (P<0.05).
Results and Discussion: While monthly rainfall totals from June through October were
often below to well below the historical average at the study location, temperatures
during this same period were above average. Rust intensity was significantly lower on
the Heritage 50WDG and Eagle 40W-treated plants where approximately 10% of the
leaves succumbed to rust (Table 1). In contrast, disease ratings ranging from 6.3 to 7.0
for the other fungicide treatments and non-treated control indicate that 50% to 75% leaf
mortality occurred. Daconil Ultrex-treated plants had higher rust ratings than those
receiving 3336 4.5F and Medallion 50W but not Banner MAXX and Palladium 62.5WG.
Finally, the non-treated control and all of the latter fungicide treatments had similarly
high rust ratings.
In summary, Eagle 40W and Heritage 50WDG gave effective control of rust on
switchgrass while Daconil Ultrex, 3336 4.5F, Medallion, Banner MAXX, and Palladium
62.5WG did not.
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Diseases 19:O008.
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Table 1. Rust intensity on ‘Dallas Blues’ switchgrass as impacted by fungicide
treatments at the Brewton Agricultural Research Unit in 2010.
Rust
Fungicide and rate/100 gal
Intensityz
Non-treated Control
6.6 aby
Daconil Ultrex 1.4 lb
7.0 a
Heritage 50WDG 4 oz
4.0 c
Banner MAXX 8 fl oz
6.5 ab
Eagle 40W 8 oz
3.8 c
3336 4.5F 20 fl oz
6.3 b
Medallion 50W 4 oz
6.3 b
Palladium 62.5WG 6 oz
6.5 ab
z
Rust intensity was rated on 16 September using a modified Florida 1 to 10 peanut leaf
spot ratings scale.
y
Means in each column that are followed by the same letter are not significantly different
according to Fisher’s least significant difference (P<0.05) test.
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Perpetuation of Cherry Leaf spot Disease in Flowering Cherry
Jacqueline Joshua, Margaret T. Mmbaga and Lucas A. Mackasmiel
Tennessee State University
Nursery Research Center, 472 Cadillac Lane, McMinnville, TN 37110
Significance to Industry Cherry leaf spot caused by the fungus Blumeriella jaapii is an
important disease of sweet and sour cherries, it also affects other Prunus species and
has been reported as a constraint in nursery production of flowering cherry trees. The
pathogen has been reported to overwinter in leaf debris in the northern Great Lakes and
the northwest regions of the US and other areas of the world where fruit cherry trees are
grown. While fruit cherry are grown largely in cooler northern and northwest regions of
the US, flowering cherry are widely grown in warmer southeastern region of the country.
There are no previous studies to show the source of primary inoculum in spring for the
southeastern region of US, so as to time fungicide sprays appropriately. This study was
conducted to evaluate winter survival of the pathogen and assess the timing of infection
establishment in relation to weather conditions in mid-Tennessee. Information from the
study will be used to guide growers on the timing of fungicide sprays for effective control
of the disease
Nature of Work Cherry leaf spot is caused by a fungus, Blumeriella jaapii L. (6). The
disease causes premature defoliation, reduced shoot growth, increased susceptibility of
trees to winter injury, and death in fruit trees (1,3). In flowering cherry, increased winter
injury resulting in split bark, significantly reduced flowering and plant vigor, and reduced
aesthetic value and marketability of infected trees have been associated with cherry leaf
spot disease(7). Lower sales of infected trees and increased costs for disease
management have recently become a constraint in nursery production system.
Research studies on cherry leaf spot have focused on fruit cherries and spray programs
have been developed to control this disease. However, these studies are based on
cooler regions where sweet and sour cherries are important crops (6). The pathogen
has been reported to overwinter in leaf debris (2,3,5); the fungus overwintering
structures (ascocarps) formed in leaf debris release ascospores in spring as primary
inoculum and infection gets established in early spring (1,5). The release of ascospores
for primary inoculum depends on weather conditions particularly temperature and
moisture. Due to the influence of weather conditions on spore release and infection
establishment, fungicide spray programs based on weather conditions have been
developed for controlling this disease on fruit cherries in the Northern Great Lakes
regions United States. Favorable temperature of 17.2 to 22°C and rainfall allow the
discharge of ascospores that initiate infection in early spring. Splash rain and wind
spread the spores to other leaf surfaces where subsequent infections occur with a peak
of spore dispersal in mid-May (5). The source of primary inoculum, availability of
susceptible leaves and the timing of infection establishment in flowering cherry in
warmer climates of the southeastern region have not been studied. Such information is
needed to guide growers on the timing of fungicide applications for effective control of
this disease.
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(a) Assessment of leaf debris as a source of primary inoculum.
Airborne ascospores released from leaf debris of previously infected trees were
assessed in a nursery field and at a landscape location where flowering cherry trees
were severely infected with cherry leaf spot disease in the previous year. Sticky slides
were prepared using water agar and Vaseline™ petroleum jelly and used as spore traps
for airborne spores. These sticky slides were hung on flowering cherry tree branches
using clothespins starting in March through May. A replication of six slides per field and
three per landscape location with random selection of trees and location within tree
canopy; two trees of wild flowering cherry at the border of the nursery were included.
The slides were left for 7 days and replaced with new ones every 7 days. When spore
trap slides were collected from the field, they were placed in a plastic container and
covered for transportation to the laboratory where they were observed under a
compound microscope. The presence of ascospores and conidiospores on the slides
was noted and spores B. jaapii were identified using morphological features (8).
Conidiospores were hyaline and filiform in shape, single-celled and some were septate ;
ascospores were hyaline,1-2 celled ellipsoid to elongate in shape and narrower in the
middle (7). Spores trapped and identified as B. jaapii were counted and recorded at 7
days intervals as spores per 21.6cm2 slide.
Weather conditions that prevailed in McMinnville, TN during this study were noted.
Some leaf debris were collected from the field, and incubated in moist chamber for 4872 hours and spores that oozed out from the leaves were collected and observed under
a compound microscope. Spores identified as B. jaapii on spore traps were compared
with those harvested from leaf debris. Representative spores from the spore traps and
from leaf debris were grown in Potato dextrose agar (PDA) and identified using
morphological features.
(b) Assessment of dormant buds as a source of primary inoculum.
Six cultivars of flowering cherry ‘Kwanzan’, ‘Yoshina’, ‘Okami’, ‘Snowgoose’,
‘Autumnalis’ and ‘Akebono’ that were previously infected with leaf spot disease in a
nursery field were used in this study. Bare root plants were planted in Morton’s nursery
mix in one gallon (3.75L) containers; in February 2010 and placed in a greenhouse
controlled environment maintained at 28/20°C and 70 percent relative humidity. Plants
were arranged in a randomized complete block design with a replication of four
individual plants per cultivar. Plants were irrigated by sprinkler irrigation and fertilized
using Nutricote Total™ 18-6-8 (N-P-K) at the rate of 12 g per plant. Development of
disease symptom was monitored by the appearance of leaf spot and shot holes on leaf
lamina. Two branches were randomly selected from each tree and used in counting the
number of holes and brown spots. Progress of disease symptoms was recorded on a
weekly basis starting early May when first symptoms were observed to end of August.
Results and Discussion Assessment of leaf debris as a source of primary inoculum.
A large number of spores were trapped on trap slides starting March through June.
Spores that matched those of B. jaapii ascospores and conidiospores were identified
(Fig 1). The number of trapped spores of B.jaapii increased gradually starting March
through April and declined at the end of April before it increased sharply in May to reach
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a peak in mid-May (Fig 2). Results from this study are in agreement with previous
reports that Blumeriella jaapii overwinters in leaf debris and acts as the source of
infection in early spring (8,4,5,and 3). By the time bud break occurred and trees were in
full bloom in late March, ascospores were already in the air in field nursery. The
number of airborne spores peaked in May when trees had abundant leaves for infection
(Fig. 2). Weather in McMinnville had low rainfall in April and frequent rain showers in
May (Fig 3) that coincided with low ascospore numbers in April and highest number of
ascospores re in May (Fig 2). A large number of conidiospores were also trapped in
mid-May coinciding with frequent May showers indicating that spores released in April
had already caused infection and released secondary inoculum . First disease
symptoms observed in early April were characterized by small circular purplish lesions
that became red-brown in color with definite borders and later the necrotic centers
dropped out and produced shot holes. The release of a large numbers of conidiospores
in May indicated that infection that started sin April had released abundant secondary
inoculum that was significantly more in numbers than ascospores (Figs 2-3).
Availability of both ascospores and conidiospores in May indicated that infection rate
was high due to high inoculum efficiency. Reports from literature show that infection on
fruit trees, starts in early spring and fungal fruiting bodies (apothecia and acervuli) are
produced in overwintered leaves (5). The primary cycle of infection is initiated by
ascospores discharged in the air during rainy periods, followed by production of
conidiospores that causes secondary infection (3). Rainfall discharges ascospore for
primary inoculum and spread them to healthy leaf surface where they establish
infection. Optimal temperature for infection establishment is 17.2 to 22°C along with 100
percent humidity for approximately six to eight weeks normally beginning at petal fall
(2). Lesions on the leaf surface occurs in 1-2 weeks of latent periods followed by
production of abundant conidiospores that are spread to other leaves by splashing rain
initiating secondary infections (3,5). In our studies, disease symptoms observed in early
April must have been initiated in mid- to late March and this is in agreement with
availability of primary inoculum in early March. A study in Hungary, also found the peak
of spore production occurred in mid-May (5). Effective fungicides require timely
applications. Results from this study showed that airborne spores were trapped before
bud break, and first disease symptoms were observed in early April. Thus, for effective
and economic control of cherry leaf spot in flowering cherry, spray program should start
when petals start falling and new leaves start forming in early April.
Assessment of dormant buds as a source of primary inoculum. All the plants that were
maintained under greenhouse conditions, free from leaf debris and airborne inoculums
developed symptoms of cherry leaf spot i.e. brown spots, shot holes and some had
yellowing of leaves. The first symptoms were observed on some plants in the first week
of May (Fig. 4). There were significantly more brown spots than shot holes on the
leaves with the highest being in August. This demonstrates the progression of the
disease as brown spots dry and drop out, giving a “shot hole” appearance (3). However
both brown spots and shot holes had their peak in August indicating the highest disease
severity. Availability of moisture from the overhead irrigation administered twice a day
could have facilitated the spread of the inoculums to other foliage. The leaves with
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more of either brown spots or shot holes tended to yellow out and abscise from the
plant. The occurrence of symptoms on all the plants clearly shows that, dormant buds
were the source of infection because the environment was free from leaf debris and
airborne spores. Therefore, dormant buds constitute as a significant source of initial
infection for Cherry leaf spot in mid-Tennessee and probably in the southeast where the
disease occurs. It was also observed that the leaves attached directly to the bud on the
main stem of the plant showed the first symptoms, followed by those further on the
branch. This could mean that these may have been the previously infected buds where
the fungus overwintered on the stem and spread. Some cultivars seemed to have more
disease severity showing more susceptibility than others indicating that they were
probably more severely infected and harbored more primary inoculum. ‘Snowgoose’
had highest infection while Kwanzan had the least infection.
In conclusion, this study showed that leaf debris from previously infected plants and
dormant buds were the main sources of initial infection for flowering cherry leaf spot in
McMinnville, TN. Eliminating the source of primary inoculums that starts initial infection
is important in controlling this disease. This can be achieved by eradicating or
decreasing overwintered leaf debris and ensuring that all cuttings used are clean and
free from infection. Efficacy of fungicides depends on the correct timing of spray
program, thus fungicide application should commence early in the season during petal
drop when leaf tissue start to appear. This will eliminate infection establishment.
Strategic measures that are both preventative and curative are the most effective in
controlling cherry leaf spot
1
2
3
4

5
6
7
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Fig.1. Conidiospores of the cherry leaf spot pathogen and characteristic leaf spot and
shot hole symptoms on flowering cherry trees.

Fig.2: Mean number of ascospores and conidiospores trapped from air by date.(Arrow
shows date of infection).
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Fig.4. Mean number of brown spots and shot holes in greenhouse plants by dates.
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Efficacy and Methods of Application of Biological Control Agents Against
Powdery Mildew in Dogwood
L. A Mackasmiel and M. T.Mmbaga
Tennessee State University, School of Agriculture and Consumer Science
Otis Floyd Nursery Research Center, McMinnville, TN 37110
lmackasm@mytsu.tnstate.edu
Index words: Powdery mildew, Cornus florida, Fungicides, Biological Control Agents,
Dogwood, Resistance, Erysiphe pulchra
Significance to Industry: Powdery mildew caused by Oidium spp., [Erysiphe (Sect.
Microsphaera) pulchra] cause stunted growth, defoliation, reduces the esthetic value of
flowering dogwood (Cornus florida L.) and in some cases, a serious decline of infected
plants (Chartfield and Rose, 1996; Smith, 1999; Mmbaga, 2000). Although fungicides
are commonly used to control the disease (Windham, 1994), they are expensive, cause
environmental hazards, pose health problems to human applicators, and may kill other
non-target organisms. The use of biological control (biocontrol) agents (BCA) provides
a safer, environmentally-friendly, and presumably less expensive method of controlling
powdery mildew. By combining the use of BCA with user-friendly methods like resistant
cultivars and cultural practices, it is possible that fungicide application may become
unnecessary in controlling powdery mildew in dogwood. The success of using BCA will
translate directly to growers’ profits by reducing costs associated with fungicides to
control powdery mildew in dogwood nurseries.
Nature of Work: Flowering dogwood is native to southern region of the United States
of America (USA), and common in most other parts of the nation, often used as an
ornamental plant in residential and public areas. It is an important under-story species
in forest areas where its nutritious seeds provide valuable food for birds and wildlife.
This study utilizes microorganisms previously isolated from native plants in natural
environment where fungicides have never been used. These microorganisms have
high potential against powdery mildew (Mrema and Mmbaga, 2006; Mmbaga et al.,
2007; Mmbaga and Sauvé, 2009). The study evaluates the effects of the individual
microorganisms consisting of two bacteria (B17A and B17B); two fungi (F13 and F16);
and two yeasts (Y4 and Y14), as BCAs of powdery mildew on dogwood. It compares
BCA with a conventional fungicide, thiophanate methyl (Cleary’s 3336®) and the nontreated control, or water. Finally, the study tries to integrate utilization of BCA as a
method of controlling powdery mildew in dogwood, along with other user-friendly
methods, in order to increase the potential to reduce or eliminate reliance on
conventional fungicides.
Materials and Methods: Seedlings of C. florida were grown in Morton’s Grow Mix™ #2,
placed in one gallon containers and maintained in two environments, shadehouse under
65% shade cloth, and in the greenhouse. The plants were fertilized using fast acting
Miracle-Gro™ water-soluble 18-24-16, at the rate of 18 g per 3780 mL (w/v) of
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fertilizer:distilled water, in early May followed by application of dry granules of
controlled-release Nutricote Total™ 18-6-8 fertilizer at the rate of 12 g per pot.
Application of microbial BCA in the shadehouse was by spraying the foliage using two
bacteria, two fungi and two yeast i.e. B17A, B17B, F13, F16, Y4, Y14 and water as
control treatment. Inoculum concentration of 2 x 104 spores/propagules per ml was
used for fungi and Yeast BCA, and 1 x 106 CFU per ml for bacteria and Yeast BCA.
The fungicide was sprayed at the rate of 1 mL per 1280 mL (v/v) of fungicide:water. A
spray interval of approx.12 days was followed starting in mid-May when first disease
symptoms were observed, and continued throughout the growing season. Plants in the
greenhouse were root-dipped in suspensions of fungi and bacteria BCA on newly
germinated seeds before being planted. Two months after planting, they were rootdrenched using 2 mL of inoculum or water control per plant. Previously, yeast did not
appear to have endophytic potential hence they were not administered on roots and
were excluded in the greenhouse experiment. Inoculation with powdery mildew was
administered from air-borne spores of previously infected plants, placed randomly in the
experiment area.
Disease severity readings (rating) to assess the relative effectiveness of each treatment
on powdery mildew was based on a scale of 0-5 (0 = No infection; 1 = 1-10%; 2 = 1125%; 3 = 26-50%; 4 = 51-75% and 5 = 76-100%), and were used to score the foliage
area showing disease symptoms. The readings were recorded from May to through
early September.
Results and Discussion: From May to end of June, there were no noticeable disease
symptoms. Disease intensity and severity increased rapidly starting mid-July, but high
temperatures and humidity particularly for plants in the shadehouse affected disease
progression, however, when the temperature declined to moderate levels, disease
intensity increased correspondingly (Figures 1 and 2). Results from the shadehouse
showed significant differences (p<0.0001) in symptom severity and intensity between
treated plants and the control groups (Figures 1 and 2). Disease pressure was very
high in greenhouse environment compared to shadehouse and increased to severe
levels throughout the growing season. BCA-treated plants were less infected by
powdery mildew compared to the water-treated (control), but were relatively inferior to
the conventional fungicide (Figure 3). However, BCA-treated and fungicide-treated
were not significantly different, but there was significant differences (p<0.0001) between
fungicide-treated seedlings, BCA and the control group as the disease progressed in
both sites.
Results from both the shadehouse and greenhouse experiments indicate that the
Bacteria-based inocula were more effective than fungal BCA in the shadehouse foliar
application, but the reverse was true in the greenhouse where BCA was applied on the
roots (Figs 1-3). From these results, there is evidence that BCA were effective and that
both methods of application (foliar sprays or root-treatment) were effective in reducing
the severity of powdery mildew in dogwood, but more work is needed using genetically
uniform plant material. Although the effects of genetic variations in plant material were
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not quantitated in this study, evidence of variability was observed when non-treated
seedlings from R12, a previously selected powdery mildew resistant plant was
compared with seedlings from R11, no.400, and no. 327 powdery susceptible mother
plants (Fig. 4). These observations indicate a need to determine the combined effect of
resistance and BCA as biological-based IPM for powdery mildew. There is also a need
to determine the effectiveness of both BCA treatment methods in a similar environment.
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Figure 1: Disease rating of dogwood cultivar 295 sprayed with biological control agents
(F13, F16, B17A, B17B, Y4 and Y14), and the non-treated control (CTRL) in
shadehouse environment in 2010.

Figure 2: Disease rating of dogwood cultivar R12 spray-treated with biological control
agents (F13, F16, B17A, B17B, Y4 and Y14), and the non-treated control (CTRL) in
shadehouse environment 2010.
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Figure 3: Trends in disease rating of dogwood seedlings root-treated with biological
control agents (F13, F16, B17A, and B17B), non-treated and fungicide-treated controls.
in the greenhouse environment.

Figure 4: Dogwood seedlings from different maternal parents (R11, R12, 327, and 400)
that that differ in their inherent susceptibility to powdery mildew show differences in
disease progress in the greenhouse environment.
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Spatial Analysis of Phytophthora Diseases in Nursery Production System in
Warren County, TN
Katherine Kilbourne, Margaret Mmbaga and Robert Harrison
Tennessee State University, School of Agriculture and Consumer Sciences
Department of Agricultural Sciences, Nashville, TN
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Significance to the Industry There are 108 species of Phytophthora (1), many causing
a variety of devastating disease epidemics worldwide. Unfortunately, many of the high
value ornamental trees, shrubs and native plants grown in Tennessee are highly
susceptible to a variety of Phytophthora species. Within nurseries, the best method of
disease management and prevention is early detection. However, continually
monitoring by sampling is impractical. Technologies such as remote sensing, global
positioning system (GPS), and Geospatial Information Systems (GIS) provide a
practical and precise approach to determining areas of disease occurrence and
prevalence. These technologies have given researchers an easier method of tracking
and monitoring the spread of plant diseases. Such tools, like GIS, allow researchers to
create models that identify areas of disease risk based on environmental variables
unique to a pathogen’s reproduction requirements, and availability of susceptible host
species. Creating a small scale, more detailed map for nurseries most at risk will allow
growers to be aware of a Phytophthora risk in their area. The significance of this project
is to provide information that will facilitate the management of Phytophthora diseases.
Nature of work Phytophthora epidemics are ecologically and economically disastrous,
especially to the nursery and timber industry. Surviving economic losses as were
experienced from P. ramorum in Oregon and California (2) or P. cinnamomi in the
Jarrah forest of Australia (3) requires a strong economic base and financial capabilities.
Ornamentals constitute an important component of rural economies such as Warren
County, Tennessee, but most growers would not survive quarantine restrictions from
Phytophthora outbreaks as experienced from P. ramorum. Many of the high value
ornamental trees, shrubs and native plants grown in Tennessee are highly susceptible
to a variety of Phytophthora species causing leaf blights, root rots, and cankers. In
order to better predict where these Phytophthora diseases may occur, a Phytophthora
risk map for Warren County has been created. A GIS allows a computer to easily store,
manipulate, and display geographically reference data (4). This tool allows researchers
to create models that portray areas of disease risk based on environmental variables
unique to a pathogen’s reproduction requirements, which constitute a favorable
environment and availability of susceptible host species. Models use the determined
parameters to extrapolate the areas of suitable environment (5). This may allow for
better management practices which may ultimately increase revenue for growers.
The model was based on present environmental conditions including host vegetation,
soil texture, elevation, and proximity to roads. Climate conditions, including monthly
average temperatures, precipitation, and relative humidity, were the non-spatial
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parameters that play an important role in a Phytophthora’s reproductive capabilities.
These parameters were determined by their known influence on Phytophthora dispersal
and occurrence and have been used in similar models. To create the disease model,
climate data for Warren County was accessed from the National Climate Data Center
(6). Land cover vegetation was accessed from the Southeast Gap Analysis Project (7).
Elevation, roads, and soil data sets were from the Tennessee Spatial Data Server (8).
Environmental variables are ranked by their influence on Phytophthora distribution and
weighted by their importance. Each variable combination at a particular locale receives
a score based on its weighted rank. To determine the accuracy of the model, samples
of soil, plant roots and leaves and irrigation water were collected from nurseries and
analyzed for Phytophthora in the lab using standard techniques for Phytophthora
isolation and identification (7,9).
Results and Discussion The analysis of the climate data determined suitable months
for Phytophthora reproduction and infection establishment in Warren County, TN.
These are May, June, September, and October. During November through April
temperature average to low for Phytophthora spores to germinate, however the spore
may survive dormant in the soil. In January and February temperatures reach lows that
kill the dormant pathogen in the soil. In July and August, the dry and high temperature
conditions are unfavorable for Phytophthora reproduction and dispersal.
Risk was rated from no risk, low risk, to very high risk based on each individual
parameter presented in Figs. 1- 4. A combination of all parameters and weighted ranks
provided a final score presented in Table 1 and Fig. 5. Analysis of the accuracy of the
model is characterized in Table 1. This model is a strong indicator of the potential for
disease epidemics caused by Phytophthora species. Most nurseries fall in the
moderate risk areas, but surrounding fields around production areas may be in the
higher risk areas and potential spread of Phytophthora via water flow may increase the
risk. Phytophthora data included for this article is from a three year survey of Southern
Middle Tennessee; however, this study only includes data from Warren County in which
41 Phytophthora isolates of 9 different species were recovered from 9 nurseries. The
inclusion of all areas in Mid Tennessee will provide a more complete picture of
Phytophthora risk in nursery production systems.
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Table 1. Phytophthora risk levels in nursery production systems in Warren County.
High
Moderate Low
Very
None
Very
High
(25(20-16)
(15Low
( < 5)
( > 26)
21)
11)
(10-6)
Final Score of Overlaid
30-26
25-21 20-16
15-11 10-6
5-4
Parameters
Percent of Nurseries in each
1.3%
1.3%
94.8%
0%
0%
2.6%
risk area
Nurseries with a Phytophthora
0
1
8
0
0
0
Occurrence in each risk area
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Figs 1-5. Risk analysis rating for Phytophthora disease occurrence based on individual
risk parameters: proximity to roads(1), soil (2), vegetation (3), elevation (4) and a
combination of all parameters overlaid and weighted ranks (5) with risk levels color
coded starting with no risk (white) low risk (green color) to very high risk (red).
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