
 
 
 
 

 
This Journal of Environmental Horticulture article is reproduced with the consent of the Horticultural 
Research Institute (HRI – www.hriresearch.org), which was established in 1962 as the research and 
development affiliate of the American Nursery & Landscape Association (ANLA – http://www.anla.org). 
 

 

HRI’s Mission: 

To direct, fund, promote and communicate horticultural research, which increases the quality and value of 
ornamental plants, improves the productivity and profitability of the nursery and landscape industry, and 
protects and enhances the environment. 

 

The use of any trade name in this article does not imply an endorsement of the equipment, product or 
process named, nor any criticism of any similar products that are not mentioned. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright, All Rights Reserved 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-18 via free access



197J. Environ. Hort. 26(4):197–203. December 2008

Nitrogen and Flowering Dogwood. I. Impact of Nitrogen 
Fertilization Rate on the Occurrence of Spot Anthracnose, 

Powdery Mildew, and Cercospora Leaf Spot and Their 
Effect on Tree Growth1

A.K. Hagan2, J.R. Akridge3, and K.L. Bowen4

Department of Entomology and Plant Pathology
Auburn University, AL 36849

Abstract
Impact of nitrogen (N) rate on spot anthracnose, powdery mildew, and Cercospora leaf spot as well as their impact on the growth of 
fi eld-grown ‘Cloud 9’ and ‘Cherokee Chief’ fl owering dogwood was assessed in 2003, 2004, and 2005. From 2001 to 2005, ammonium 
nitrate was applied at 4.1, 8.3, 16.5, 33.0 and 66.0 g N·m–2 (37.5, 75, 150, 300, 600 lb N·A–1). Heritage 50W fungicide was applied to one 
‘Cherokee Chief’ and ‘Cloud 9’ fl owering dogwood in each plot, while the second was untreated. Powdery mildew and Cercospora 
leaf spot were impacted by N rate more than spot anthracnose. In two of three years, powdery mildew intensifi ed, particularly on 
the non-treated trees, as N rates increased. Cercospora leaf spot intensity (AUDPCI) and defoliation (AUDPCD) on the fungicide-
treated and non-treated trees was infl uenced by N-rate in two of three and one of three years, respectively. Regardless of fungicide 
treatment, Cercospora leaf spot incited leaf spotting and defoliation was often lower at the two highest than the two lowest N rates. 
A reduction in the bract and leaf spot phases of spot anthracnose at the highest N rate was noted in 2004. While spot anthracnose 
was negatively correlated with trunk diameter in all three years and tree height in 2003 and 2004, Cercospora leaf spot intensity and 
defoliation were negatively correlated with tree height and trunk diameter in all three and two of three years, respectively. Powdery 
mildew had no impact on tree height or trunk diameter. Heritage 50W not only controlled spot anthracnose and powdery mildew but 
also slowed Cercospora leaf spot development suffi ciently to enhance leaf retention and fall color.
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Signifi cance to the Nursery Industry
While spot anthracnose, powdery mildew and Cercospora 

leaf spot often have a detrimental impact on aesthetics of 
fl owering dogwood, little is known of the infl uence of N 
fertility on their severity. Beginning in 2001, ammonium 
nitrate was applied at rates of 4.1, 8.3, 16.5, 33.0, and 66.0 g 
actual nitrogen per m2 (g N·m–2) (37.5, 75, 150, 300, 600 lb 
N·A–1) per year to ‘Cloud 9’ and ‘Cherokee Chief’ fl owering 
dogwoods. Incidence of the bract and leaf spot phases of 
spot anthracnose was infl uenced by N rate in one of three 
years. When a link between N rate and either phase of spot 
anthracnose was seen, reduced disease occurred only at 
66 g N·m–2 (600 lb·A–1). Powdery mildew intensifi ed with 
increasing N rates in 2003 and 2005. On the non-fungicide 
treated trees, reduced leaf spotting and defoliation due to 
Cercospora leaf spot was associated with the two highest 
N rates in two of three and one of three years, respectively. 
Cercospora leaf spot and spot anthracnose but not powdery 
mildew may have a detrimental impact on tree growth as 
defi ned by a negative correlation between these diseases 
with tree height and/or trunk diameter. For fi eld nursery 
plantings, applying the recommended 27.5 g N·m–2 (250 lb 
N·A–1) rate should not intensify powdery mildew but would 
not help suppress Cercospora leaf spot and spot anthracnose. 
The 4.9 to 14.4 g N·m–2 (44 to 130 lb N·A–1) recommended 

for landscape plantings will not slow the intensifi cation of 
Cercospora leaf spot and spot anthracnose. Heritage 50W 
fungicide not only controlled spot anthracnose and pow-
dery mildew but also slowed Cercospora leaf spot-induced 
defoliation suffi ciently for a superb foliage color display in 
November. Manipulating N rates proved much less effective 
than a preventative fungicide program in controlling diseases 
on fl owering dogwood.

Introduction
While nitrogen is a key component for plant growth (27), 

relatively little is known of its impact on the development of 
diseases of shrubs and trees (16). On Kentucky bluegrass, 
increased powdery mildew severity may be stimulated by 
lush top growth produced by excessive N fertilization (2). 
Elevated N fertility also increased fi re blight severity on 
apple (28) and Phytophthora dieback on rhododendron (14). 
In contrast, resistance of black walnut to anthracnose was 
enhanced with supplemental N applications (20, 21). Sever-
ity of Alternaria leaf spot and leaf spot diseases incited by 
bacteria in the genera Xanthomonas and Pseudomonas on 
several tropical herbaceous and woody plants declined with 
increasing N rates (4). On fl owering dogwood (Cornus fl orida 
L.), increasing N rates may reduce dogwood anthracnose 
severity when weather patterns are less than ideal for dis-
ease development (1). Otherwise, nothing is known of the 
impact of N fertility on spot anthracnose, powdery mildew, 
or Cercospora leaf spot on fl owering dogwood.

The impact of N rate on growth and health of fl owering 
dogwood is not well documented. In a forest setting, Curlin 
(5) reported that increasing N rates from 0 to 32 g N·m–2 
(293 lb N·A–1) were accompanied by an increase in the trunk 
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diameter of fl owering dogwood. In contrast, no increase 
in the growth of southern magnolia and live oak in a fi ne 
sandy soil occurred above 40 g N·m–2 (360 lb·A–1) (8). Smith 
and Gilliam (27) reported that 14.4 g N·m–2 (130 lb·A–1) per 
year was suffi cient for maintaining the health and beauty of 
landscape trees and shrubs. Currently, N rate recommenda-
tions for established landscape trees are 4.9 to 14.4 g N·m–2 
(44 to 130 lb N·A–1) and 9.9 to 19.3 g N·m–2 (87 to 174 lb 
N·A–1) for quick-release and slow-release forms of nitrogen, 
respectively (26). For fi eld-grown nursery stock including 
fl owering dogwood, optimum annual N rate is 27.5 g N·m–2 
(250 lb·A–1) (16).

Diseases not only diminish the fl oral and foliage display 
of fl owering dogwood but may also slow tree growth. Bract 
spotting and distortion are the most notable symptoms of 
spot anthracnose, caused by Elsinore corni Jenkins and 
Bitanic, which is common on fl owering dogwood grown in 
full sun (6). In Alabama (11) and Tennessee (19), powdery 
mildew, caused by the fungus Erysiphe pulchra (Cooke & 
Bechke) U. Braum & S. Takamatsu comb. nov. [syn. = Mi-
crosphaera pulchra, M. penicillata], slowed the growth of 
container-grown fl owering dogwood. Cercospora leaf spot, 
caused by Pseudocercospora cornicola (Tracy & Earle) 
Guo & Lin [syn. = Cercospora cornicola], accelerates the 
rate of leaf abscission to the point that heavily diseased trees 
show little if any fall color (10). The infl uence of N rate on 
the development of spot anthracnose, powdery mildew, and 
Cercospora leaf spot on fl owering dogwood was studied in a 
simulated landscape planting. The relationship between spot 
anthracnose, powdery mildew, and Cercospora leaf spot with 
tree growth was also investigated.

Materials and Methods
Bare-root ‘Cherokee Chief’ and ‘Cloud 9’ fl owering dog-

woods were potted in January 2000 into #5 containers fi lled 
with a pine bark:peat moss medium (3:1 by vol) amended 
with 4.9 kg (14 lb) of Osmocote 17–7–12, 2.1 kg (6 lb) of 
dolomitic limestone, 0.7 kg (2 lb) of gypsum, and 0.5 kg (1.5 
lb) of Micromax m–3 (yd–3) of potting mixture. In February 
2001, trees were transplanted into a Benndale (A) fi ne sandy 
loam [coarse-loamy, siliceous, semiactive, thermic Typic 
Paleudults] (< 1% organic matter) with a pH of 6.1 at the 
Brewton Agricultural Research Unit in Brewton, AL (USDA 
Plant Hardiness Zone 8a), where winter rye (Secale cereale) 
had previously been killed with Roundup® (glyphosate, 
Monsanto Co., St. Louis, MO). According to the results of a 
pre-plant soil fertility assay, Mehlich 1 extractable concen-
trations of phosphorus, potassium, magnesium, and calcium 
were 29, 41, 56, and 360 mg·kg–1 of soil (58, 82, 113, 720 
lb·A–1), respectively (7). Centipedegrass (Eremochola ophi-
uroides) alleys separating all trees was periodically mowed 
but not fertilized during the study period. A drip irrigation 
system with a single emitter per tree was installed before 
tree establishment and the trees were watered as needed. A 
0.3 m–2 (8.6 ft–2) circle of approximately 2.5 cm (1 in) of aged 
pine bark mulch was maintained around the base of each tree. 
Murate of potash (0–0–60 K2O) at 85 g (3.6 oz) per tree was 
evenly distributed over the mulched area on February 26, 
2003, and March 9, 2004. A separate application of super-
phosphate (0–0–46 P204) at 85 g (3.6 oz) per tree was made 
on March 9, 2004. Directed applications of 0.68 kg ai·ha–1 (1 
lb·A–1) of Gallery® DF (isoxaben, Dow AgroSciences LLC, 
Indianapolis, IN) plus 2.2 kg ai·ha–1 (2 qt·A–1) of Surfl an® 

T/O (oryzalin, United Phosphorus, Trenton, NJ) were made 
to the mulched area each year for pre-emergent annual weed 
control. Escaped weeds were controlled with hand weeding 
and spot applications of Finale® 1E (glufosinate-ammonium, 
Bayer Environmental Science, Kansas City, MO) at 1.9 
g a.i.·liter–1 (2 fl  oz·gal–1). Trunk sprays of Dursban® 2E 
(chlorpyrifos, Dow AgroSciences LLC, Indianapolis, IN) 
were made on May 14, 2002, as well as in 2004 on March 
24 and April 27 to protect the trees from the dogwood borer 
Synanthedon scitula (Harris).

A split-split plot design consisting of 120 trees in 6 replica-
tions with nitrogen rate as the main plot, dogwood cultivar 
as the split plot, and fungicide treatment as the split-split 
plot was used. Ammonium nitrate (33N–0P2O5–0K2O) was 
applied at 4.1, 8.3, 16.5, 33.0 and 66.0 g of actual nitrogen·m–2 
(37.5, 75, 150, 300, 600 lb N·A–1) per year, which corresponds 
to 10.4 g, 20.7 g, 41.4 g, 82.9 g, and 165.5 g (0.37, 0.73, 1.46, 
2.92, and 5.8 oz) of ammonium nitrate per tree. From 2001 
through 2005, half of each rate of the ammonium nitrate was 
evenly distributed over the mulched area around each tree 
in April and in June. Each main plot included of a pair of 
‘Cherokee Chief’ and ‘Cloud 9’ fl owering dogwoods, which 
were planted on 5.0 m (16 ft) centers. Heritage 50W fungicide 
(azoxystrobin, Syngenta Professional Products, Greensboro, 
NC) at 1.6 g a.i.·liter–1 (4 oz·100 gal–1) of spray volume was ap-
plied to one randomly selected ‘Cherokee Chief’ and ‘Cloud 
9’ fl owering dogwood in each plot while the second tree of 
each cultivar remained non-treated. Fungicide were applied 
with a CO2-pressurized sprayer at two-week intervals from 
April 20 to July 27, 2001; April 10 to July 10, 2002; March 
21 to July 10, 2003; April 1 to July 7, 2004; and April 19 to 
July 27, 2005.

Spot anthracnose, powdery mildew, and Cercospora leaf 
spot were rated using the Horsfall and Barratt rating scale 
(15) 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 or symptoms of the above diseases. 
Cercospora leaf spot-induced defoliation was also rated using 
the above scale. Spot anthracnose ratings on the bracts were 
taken on April 7 and April 23, 2003; March 24 and April 4, 
2004; and on April 4 and April 11, 2005. Leaf spot phase of 
spot anthracnose was rated on April 23, May 27, June 13, and 
July 16, 2003; April 20, May 7, and June 16, 2004; and April 
22, May 12, June 20, and July 24, 2005. Powdery mildew 
was rated on May 27, June 13, and July 16, 2003; May 20, 
June 16, and July 8, 2004; and May 12, June 20, and July 24, 
2005. Leaf spotting and defoliation due to Cercospora leaf 
spot were evaluated on August 19, September 20, October 
1, October 15, October 30, and November 15, 2003; July 8, 
August 2, August 24, September 30, October 27, November 9, 
and November 30, 2004; and July 23, August 22, September 
2, October 5, October 18, November 5, and November 16, 
2005. Tree height and trunk diameter measurements, which 
were made 10 cm (4 in) above the soil line, were taken on 
February 13, 2001; December 3, 2001; February 17, 2003; 
January 13, 2004; January 8, 2005, and January 10, 2006. 
Disease ratings were not recorded for 2001 and 2002.

In each year, area under the disease progress curve 
(AUDPC) was calculated for intensity and/or defoliation for 
the leaf spot phase of spot anthracnose, powdery mildew 
and Cercospora leaf spot (25). The AUDPC values for the 
above diseases along with ratings for the bract spot and leaf 
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spot phases of spot anthracnose were subjected to analysis 
of variance (ANOVA) according to a split-split plot design 
using the GLM procedure in SAS (24). The main factor in 
this arrangement was N rate, the split plot was cultivar, and 
the smallest unit was fungicide treatment. Signifi cance of 
interactions was fi rst evaluated. Means were separated using 
Fisher’s protected least signifi cant difference test (LSD) at P 
≤ 0.05. Correlation coeffi cients between AUDPC values for 
each disease to differences in tree height and trunk diameter 
for the non-treated and fungicide-treated trees of both fl ow-
ering dogwood cultivars between study initiation in 2001 
and 2003, 2004, and 2005 were calculated using the CORR 
procedure in SAS and data from individual plots (24).

Results and Discussion
Bract spot phase of spot anthracnose. In 2003 and 2004, 

the bract spot phase of spot anthracnose on the non-treated 
and fungicide-treated trees was not affected by N rate. Ni-
trogen rate also had no impact on the bract spot phase on the 

non-treated trees of both cultivars as well as the fungicide-
treated ‘Cherokee Chief’ f lowering dogwoods in 2005. 
However, bract damage on the fungicide-treated ‘Cloud 9’ 
fl owering dogwoods was signifi cantly lower at 33.0 and 66.0 
g N·m–2 (300 and 600 lb N·A–1) where approximately 25% of 
bracts were damaged compared with 90% for trees receiving 
4.1 g N·m–2 (37.5 lb N·A–1) (data not shown).

Leaf spot phase of spot anthracnose. While N rate did not 
impact AUDPC values for the leaf spot phase of spot anthra-
cnose on the non-treated or fungicide-treated trees of either 
cultivar in 2003 and 2005 (data not shown), N rate infl uence 
on disease intensity in 2004, which differed by cultivar and 
fungicide treatment, was inconsistent. Spot anthracnose 
AUDPC ratings for non-treated ‘Cherokee Chief’ fl owering 
dogwoods were lower at 4.1 and 33.0 g N·m–2 (37.5 and 300 
lb N·A–1) than at 8.3 g N·m–2 (75 lb N·A–1) (Fig. 1). In contrast, 
non-treated ‘Cloud 9’ trees that received 33.0 g N·m–2 had 
higher leaf spot AUDPC ratings compared to those receiving 
66.0 g N·m–2. Spot anthracnose AUDPC values for fungicide-
treated ‘Cherokee Chief’ fl owering dogwoods were lower at 
66.0 g N·m–2 (600 lb N·A–1) than 8.3 g N·m–2 (75 lb N·A–1). The 
leaf spot phase of spot anthracnose on the fungicide-treated 
‘Cloud 9’ trees was not infl uenced by N rate.

The link between reduced occurrence of the bract and 
leaf spot phases of spot anthracnose with increasing N rate 
was weak. In two of three years, N rate had no impact on the 
bract spot phase intensity on the non-treated or fungicide-
treated trees of either cultivar. When N rate infl uenced the 
bract spot phase on non-treated or fungicide-treated trees, the 
least bract spotting occurred at 66.0 g N·m–2 (600 lb N·A–1). 
Leaf spot phase ratings were similar across all N rates in 
2003 and 2005. While a trend toward reduction in the leaf 
spot phase at higher N rates was noted on the non-treated 
and somewhat on fungicide-treated fl owering dogwoods in 
2004, tree aesthetics was not enhanced.

Powdery mildew. Incidence of powdery mildew on non-
treated trees of both cultivars was lower in 2003 and 2004 
than 2005 (Table 1). In all three years, little if any disease 
intensifi cation was seen after the mid- to late-June rating 
date (data not shown).

Nitrogen rate per m2
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Fig. 1. Impact of nitrogen rate on the leaf spot phase of spot anthra-
cnose on untreated and Heritage 50W-treated Cherokee Chief 
and Cloud 9 fl owering dogwoods in 2004.

Table 1. Impact of cultivar selection and fungicide treatment on powdery mildew and incidence of the bract and leaf spot phases of spot anthra-
cnose.

     Spot anthracnosez     Powdery mildewz

   Bract spot phasey   Leaf spot phasex   Avg. ratingx

Cultivar 2003 2004 2005 2003 2004 2005 2003 2004 2005

Cherokee Chief
 Fungicide treatedw 3.5cv 3.3c 4.2c 2.8d 1.4c 3.4c 1.1b 1.0b 1.2b
 Non-treated 6.4b 6.3b 11.8a 4.8b 2.1b 6.9b 2.5a 3.0a 6.2a

Cloud 9
 Fungicide treatedw 6.2b 6.4b 7.0b 3.9c 1.9b 6.7b 1.0b 1.0b 1.1b
 Non-treated 9.0a 9.1a 11.7a 7.6a 3.6a 9.7a 2.4a 3.3a 5.8a

zSpot anthracnose and powdery mildew were rated using the 1 to 12 Horsfall and Barratt rating scale.
yData for the bract spot phase was recorded on April 7, 2003; April 4, 2004; and April 11, 2005.
xRatings for leaf spot phase of spot anthracnose and powdery mildew were averaged across rating dates.
wTreated with Heritage 50W fungicide.
vMeans followed by the same letter in each column are not signifi cantly different according to Fisher’s least signifi cant difference (LSD) test (P = 0.05).
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Since powdery mildew incidence on ‘Cloud 9’ and ‘Chero-
kee Chief’ fl owering dogwoods as well as for N treatment 
ranking was similar in 2003, 2004, and 2005, disease ratings 
for each year were pooled across cultivars but segregated by 
fungicide treatment. Powdery mildew incidence on the non-
treated or fungicide-treated trees in 2004 was not impacted 
by N rate. While powdery mildew incidence on the non-
treated trees in 2003 was lower at 8.3 g N·m–2 (75 lb N·A–1) 
than 66.0 g N·m–2 (600 lb N·A–1), ratings at the remaining N 
rates were intermediate (Fig. 2). For the fungicide-treated 
fl owering dogwoods, highest disease ratings were noted at 
8.3 and 66.0 g N·m–2 (75 and 600 lb N·A–1), while the least 
powdery mildew was seen at 4.1, 16.5 and 33.0 g N·m–2 
(37.5, 150, and 300 lb N·A–1). On the non-treated trees in 
2005, powdery mildew intensifi ed as N rate increased (Fig. 
2). Powdery mildew ratings were lower at 4.1, 8.3, and 16.5 
g N·m–2 (37.5, 75, and 150 lb N·A–1) than at 66.0 g N·m–2 
(600 lb N·A–1). While N rate had a similar impact on disease 
development on the fungicide-treated trees, less than 2% of 
the leaves were colonized (data not shown).

In 2003 and 2005, powdery mildew incidence intensifi ed 
as N rate increased. In those years, differences in powdery 
mildew levels were observed between the 8.3 and 66.0 g 
N·m–2 (75 and 600 lb N·A–1). Powdery mildew intensifi ca-
tion as infl uenced by N rate was more noticeable on the 
non-treated than fungicide-treated trees. Increased powdery 
mildew on Kentucky bluegrass (2), barley (22), and wheat 
(23) were associated with higher N rates that stimulated 
production of lush but vulnerable top growth. Response of 
powdery mildew to N inputs may have been greater in 2003 
and to a lesser extent in 2004 if disease pressure in those 
years equaled that seen in 2005.

Cercospora leaf spot. Due to a non-signifi cant N rate × 
cultivar interaction in 2003, 2004, and 2005 for Cercospora 
leaf spot intensity (AUDPCI) and defoliation (AUDPCD) 
for the non-treated and fungicide-treated dogwoods, data 
for each of the above parameters was pooled for cultivars 
but separated by fungicide treatment.

In 2003, N rate had no infl uence on Cercospora leaf spot 
AUDPCI values on the non-treated and fungicide-treated 
trees (Fig. 3). A signifi cant N rate × fungicide interaction 
(P = 0.013) illustrated that N rate had a signifi cant impact 
on Cercospora leaf spot defoliation (AUDPCD) on the 
fungicide-treated where higher AUDPCD values on the 
fungicide-treated trees were noted at 4.1 g N·m–2 (37.5 lb 
N·A–1) compared with the three highest N rates but not on 
the non-treated trees.

In 2004, AUDPCI and AUDPCD values for the non-treated 
and fungicide-treated trees signifi cantly declined as N rate 
increased (Fig. 3). For both the non-treated and fungicide-
treated trees, AUDPCI values at 4.1 and 8.3 g N·m–2 (37.5 
and 75 lb N·A–1) were signifi cantly higher compared with 
those at the two higher N rates. Non-treated trees at the two 
highest N rates had similar AUDPCI values. Defoliation as 
defi ned by AUDPCD values was signifi cantly higher for the 
non-treated and fungicide-treated trees at the two lowest N 
rates than at 33.0 and 66.0 g N·m–2 (300 and 600 lb N·A–1), 
which had similar AUDPCD values.

While Cercospora leaf spot AUDPCI and AUDPCD values 
for the non-treated trees were similar across all nitrogen rates 
in 2005, both of these values declined as N rate increased on 
fungicide-treated trees (Fig. 3). Lowest AUDPCI values on 
the fungicide-treated trees were noted at 66.0 g N·m–2 (600 lb 
N·A–1) compared with those at the four lower N rates, which 
were similar. Overall defoliation was lower at 66.0 g N·m–2 
(600 lb N·A–1) compared with 4.1 and 8.3 g N·m–2 (37.5 and 
75 lb N·A–1). Fungicide-treated trees receiving 16.5 and 33.0 
g N·m–2 (150 and 300 lb N·A–1) had AUDPCD values were 
similar to those at the higher or lower N rates.

In contrast to powdery mildew, Cercospora leaf spot inten-
sity and defoliation declined as N rates increased. Increasing 
N rates have also been linked with a reduction of walnut 
anthracnose (20, 21) along with leaf spot diseases of tropi-
cal herbaceous and woody plants incited by the fungi in the 
genus Alternaria along with Xanthomonas and Pseudomonas 
bacteria (4). For Cercospora leaf spot, N effects on leaf spot 
intensity (AUDCPI) and defoliation (AUDPCD) were more 
often observed for the fungicide-treated than non-treated 
trees. On the fungicide-treated trees, signifi cant differences 
in leaf spot intensity and defoliation were noted in two of 
three and all three years, respectively. When N rate had a 
signifi cant impact on AUDPCI or AUDPCD, fungicide-
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Fig. 2. Impact of nitrogen rate on the season-long incidence of pow-
dery mildew (AUDPC) on the leaves of fl owering dogwood that 
were treated with Heritage 50W fungicide or non-treated in 
2003 and 2005.
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treated trees at 4.1 g N·m–2 (37.5 lb N·A–1) and to a slightly 
lesser extent 8.3 g N·m–2 (75 lb N·A–1) consistently had higher 
leaf spot and defoliation ratings compared with 66.0 g N·m–2. 
In one and two years, AUDPCD values at 16.5 and 33.0 g 
N·m–2 (150 and 300 lb N·A–1), respectively, were similar to 

those for the highest N rate. On the fungicide-treated trees, 
increased leaf retention at the higher compared with lower 
N rates enhanced fall color into November (Hagan, personal 
observation). For the non-treated fl owering dogwoods, N rate 
impacted Cercospora leaf spot in only 2004. The pattern of 
increased AUDPCI and AUDPCD values at the two lowest 
than the two highest N rates on the fungicide-treated trees 
was repeated on the non-treated fl owering dogwoods.

Tree growth. As indicated by negative r values, correlation 
analysis showed that the leaf spot phase of spot anthracnose 
and Cercospora leaf spot may have a detrimental impact on 
tree growth. Cercospora leaf spot intensity [AUDPCI] was 
negatively correlated in 2003, 2004, and 2005 with tree height 
and trunk diameter (Table 2). Negative correlations between 
tree height and trunk diameter with Cercospora leaf spot-
induced defoliation [AUDPCD] were noted in two of three 
years. The leaf spot phase of spot anthracnose was negatively 
correlated with tree height and trunk diameter in all three 
years and in two of three years, respectively. Powdery mildew 
incidence was not correlated with changes in tree height or 
trunk diameter. While signifi cant, relatively low correlation 
coeffi cients (r values) listed in Table 1 indicates that other 
factors, particularly N rate, also infl uence tree growth.

Previously, severe powdery mildew outbreaks, where 
nearly 100% of the leaves were colonized by the causal 
fungus E. pulchra, were associated with sizable reductions 
in tree height and/or trunk diameter of container-grown 
fl owering dogwood (11, 18). In this study, powdery mildew 
pressure, which was considerably less than that noted in 

Fig. 3. Impact of nitrogen rate on the level of leaf spotting (AUD-
PCI) and premature defoliation (AUDPCD) attributed to 
Cercospora leaf spot on fl owering dogwood in 2003, 2004, 
and 2005.
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Table 2. Correlation coeffi cients and probability of r when AUD-
PCz values of the indicated diseases were compared with 
differences in tree height and trunk diameter of fl owering 
dogwood from study inception.

 Tree height Trunk diameter

Disease R Value P Value R Value P Value

  2003
Cercospora leaf spot
 Intensityy –0.30 0.0012 –0.33 0.0003
 Defoliationx –0.27 0.0038 –0.38 0.0001
Spot anthracnosew –0.23 0.017 –0.36 0.0001
Powdery mildew 0.09 NSv 0.07 NS

  2004
Cercospora leaf spot
 Intensity –0.38 < 0.0001 –0.39 < 0.0001
 Defoliation –0.36 0.0002 –0.36 0.0002
Spot anthracnose –0.35 0.0001 –0.35 0.0001
Powdery mildew –0.17 NS –0.16 NS

  2005
Cercospora leaf spot 
 Intensity –0.21 0.0282 –0.23 0.0144
 Defoliation –0.16 NS –0.14 NS
Spot anthracnose –0.32 0.0008 –0.15 NS
Powdery mildew 0.08 0.04 –0.16 NS

zAUDPC is the area under the disease progress curve, which is a refl ection 
of disease over the entire season.
yIntensity is the incidence of disease occurrence on each tree.
xDefoliation = AUDPCD.
wLeaf spot phase of spot anthracnose.
vNS = not signifi cant.
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previous studies with container-grown fl owering dogwood 
(11, 18), did not negatively infl uence tree growth. In contrast, 
the leaf spot phase of spot anthracnose and Cercospora leaf 
spot were often negatively correlated with tree height and/or 
trunk diameter. Previously, the above diseases were thought 
to affect only tree aesthetics and not interfere with the growth 
of fl owering dogwood (4, 9).

Dogwood cultivar. Cultivar selection impacted the oc-
currence of all diseases. Ratings for the bract spot and leaf 
spot phases of spot anthracnose were higher for non-treated 
‘Cloud 9’ in two of three years and all three years, respec-
tively, than ‘Cherokee Chief’ (Table 1). In two of three years, 
leaf spot phase ratings for the fungicide-treated ‘Cloud 9’ 
and non-treated ‘Cherokee Chief’ were similar. Previously, 
Hagan (12) observed that ‘Cherokee Chief’ was less suscep-
tible than Cloud 9’ to spot anthracnose. As noted by Mmbaga 
and Sauve (19), ‘Cloud 9’ and ‘Cherokee Chief’ were equally 
susceptible to powdery mildew (Table 1). Of the two culti-
vars, ‘Cloud 9’ proved most susceptible to Cercospora leaf 
spot. For non-treated trees, higher AUDPCI values for ‘Cloud 
9’ than ‘Cherokee Chief’ were reported in 2004 (P = 0.019) 
and 2005 (P = 0.0001) (data not shown). Signifi cant differ-
ences in Cercospora leaf spot AUDPCI values between the 
fungicide-treated ‘Cloud 9’ and ‘Cherokee Chief’ fl owering 
dogwoods were also noted in 2004 (P = 0.0001) and 2005 (P 
= 0.0001) (data not shown). While ‘Cherokee Chief’ was less 
susceptible to Cercospora leaf spot than ‘Cloud 9’, premature 
leaf shed levels were so high by October that no fall color 
display was seen on either cultivar. In a recent Alabama study 
(9), ‘Cloud 9’, while less susceptible to Cercospora leaf spot 
than several other fl owering dogwood cultivars, suffered 
heavier leaf spotting and premature defoliation when com-
pared with the Stellar® series hybrid dogwoods.

Fungicide program. Heritage 50W, which previously 
was shown to control powdery mildew on container-grown 
fl owering dogwood (11, 18), not only controlled this disease 
but also the bract and leaf spot phases of spot anthracnose on 
fi eld-grown trees (Table 1). When compared with the non-
treated trees, fewer individual lesions as well as little bract or 
leaf distortion were seen on the fungicide-treated fl owering 
dogwoods (Hagan, personal observation). While fungicide 
applications were terminated by mid-July, Cercospora leaf 
spot development was suppressed for several months. In fact, 
an intense deep red to maroon fall color display was noted in 
late October through mid-November on the Heritage 50W-
treated trees of both cultivars, while the adjacent non-treated 
trees were defoliated.

In this study, we showed that N rate infl uenced the de-
velopment of powdery mildew, Cercospora leaf spot, and to 
a lesser extent both phases of spot anthracnose. Increased 
Cercospora leaf spot-related leaf spotting and defoliation 
is more likely on fl owering dogwood maintained at the 
recommended landscape N rates of 4.9 to 14.4 g N·m–2 (44 
to 130 lb N·A–1) (26) compared with the 27.5 g N·m–2 (250 
lb N·A–1) rate recommended for fi eld nursery plantings (15). 
In contrast, N rates probably would have to exceed 16.5 g 
N·m–2 (150 lb N·A–1) before powdery mildew would intensify. 
Maintaining recommended N rates in the landscape or fi eld 
nursery will not reduce the occurrence of the bract or leaf 
spot phases of spot anthracnose. In settings where brilliant 
fall color is desired, protective fungicide applications will 

have far more impact on leaf retention compared with any 
adjustments in N rate.
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