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Abstract

Garden hydrangea (Hydrangea macrophylla) is a
popular ornamental plant that can be devastated by
leaf-spot diseases. Information is needed to determine
susceptibility of commercial cultivars to leaf-spot dis-
eases. To address this need, 88 cultivars of H. mac-
rophylla were evaluated for their resistance to leaf-
spot diseases in full-shade (2007-2008), full-sun
(2007-2008) and partial-shade (2009-2010) environ-
ments in McMinnville, TN, USA. Ten cultivars
[[Ami Pasquier’, ‘Ayesha’, ‘Blue Bird’, ‘Forever Pink’,
‘Fuji Waterfall’ (‘Fujinotaki’), ‘Miyama-yae-Murasa-
ki’, ‘Seafoam’, ‘Taube’, ‘Tricolor’ and ‘Veitchii’] were
rated resistant (R) or moderately resistant to leaf
spot under each of the three environments. In 2007-
2008, approximately 51% of the cultivars were rated
R in full shade, but only 5% were R in full sun. In
2009-2010, only 1% of the cultivars were rated R in
partial shade. Although environmental parameters
including temperature and rainfall influence disease
severity and host reaction, a shaded environment
was least favourable for leaf-spot disease develop-
ment, which demonstrates that establishing hydran-
gea in shaded environment can be an effective tool
along with cultivar selection for managing leaf-spot
diseases on hydrangea. Six pathogens, Corynespora
cassiicola, Cercospora spp., Myrothecium roridum,
Glomerella cingulata (Anamorph: Colletotrichum glo-
eosporioides), Phoma exigua and Botrytis cinerea,
were associated with leaf-spot diseases of garden
hydrangea. Of the leaf-spot pathogens, C. cassiicola
was most frequently isolated (55% of all isolates),
followed by Cercospora spp. (20%) and other
pathogens (25%). Because symptoms attributed to
each leaf-spot pathogen were similar, cultivars
were selected for resistance to multiple leaf-spot
pathogens.

Introduction

Garden hydrangea (Hydrangea macrophylla), which
includes bigleaf hydrangea, French hydrangea and
florist hydrangea, is a popular landscape shrub
planted in full sun, partial shade or shade, and it is
also grown as a potted plant. Flowers of some culti-
vars can be dried and used in floral arrangements
and crafts. It is commonly believed that hydrangeas
need only moisture and shade to thrive, but most cul-
tivars benefit from dappled direct sunlight or expo-
sure to morning sun (Vintage Gardens 2008).
Hydrangeas are easy to grow and provide colour in
gardens from mid-summer through autumn, and they
can be used as specimen plants in shrub borders.
Over 700 cultivars of H. macrophylla are described,
but only about one-fourth are available in the USA
(Dirr 2004; van Gelderen and van Gelderen 2004).
Hydrangeas grow from 0.9 to 1.8 m in height with a
similar spread and produce large flowers in early to
mid-summer. While four subspecies of H. macrophylla
have been recognized (McClintock 1957), only two
subspecies, H. macrophylla ssp. macrophylla and
H. macrophylla ssp. serrata, are grown commercially
in the USA. The two subspecies can be differentiated
by their leaf and inflorescence sizes (McClintock
1957), a combination of several qualitative and quan-
titative morphological traits (Bertrand 2000), or
molecular markers (Reed and Rinehart 2007).
Hydrangea macrophylla ssp. macrophylla is native to
Japan and is found in coastal areas from sea level
to approximately 150 m in elevation (Bailey 1989).
Hydrangea macrophylla ssp. serrata, also known as
mountain hydrangea, is found at higher elevations up
to 1500 m and is cultivated primarily as a garden
plant. Although several inconsistencies are associated
with the cultivar names (Haworth-Booth 1984), a cul-
tivar checklist is available in Bertrand (2001).
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Leaf-spot diseases can have significant impact on
hydrangea health, appearance and market value. In
the landscape, leaf-spot diseases cause unsightly
appearance of foliage. Severe defoliations are sporadic
and have been associated with frequent rainfall.
Repeated defoliations can reduce overall plant vigour
(Vann 2010). In nursery production of hydrangea,
leaf-spot diseases become problematic when plants are
exposed to frequent rainfall or overhead irrigation
(Williams-Woodward and Daughtrey 2001). Various
fungal pathogens cause leaf-spot diseases in H. macro-
phylla (Sinclair et al. 1987; Hagan and Mullen 2001;
Williams-Woodward and Daughtrey 2001). Fungal
pathogens associated with hydrangea leaf spots include
Ascochyta, Botrytis, Cercospora, Colletotrichum, Cory-
nespora, Phyllosticta and Septoria species (Williams-
Woodward and Daughtrey 2001). Cercospora leaf spot
causes heavy damage on container-grown plants in
nursery production, and once the disecase becomes
established in an area, disease outbreaks are likely to
occur every year (Hagan and Mullen 2001). Hot
weather and frequent rain showers favour disease out-
breaks (Hagan and Mullen 2001; Hagan et al. 2004).
Thus, the environment of south-eastern USA is highly
favourable to hydrangea leaf-spot diseases, and the
main limiting factor to leaf-spot diseases is the avail-
ability of inocula or susceptible hosts. The objectives
of this study were to (i) evaluate numerous
H. macrophylla cultivars for resistance to leaf-spot dis-
eases and (ii) identify pathogens involved with leaf-
spot diseases in H. macrophylla.

Materials and Methods
Plant materials
This study was conducted at Tennessee State Univer-
sity, Otis L. Floyd Nursery Research Center (TSU-
NRC) in McMinnville, TN, USA. Two sets of rooted
cuttings of 88 commercial cultivars of H. macrophylla
were grown in 26.5-1, plastic containers. The study com-
prised 68 H. macrophylla ssp. macrophylla (mac), 17
H. macrophylla ssp. serrata (serrata) cultivars and three
hybrids between the two subspecies (Table 1). Sub-
species assignment for cultivars used was adopted
from nursery preferred names (Mallet et al. 1992; Mallet
1994), cultivar checklist (Bertrand 2001) and results
from molecular studies by Reed and Rinehart (2007).
The first set of plants was maintained in a hoop house
that was covered on all sides with 65% shade cloth
(2007-2008). The second set of plants was maintained in
a shadehouse open to full sun for 2 years (2007-2008)
and then covered with 65% shade cloth and protected
from afternoon sun by two rows of taller lilac plants
(2009 and 2010). At the end of each growing season,
plants in the open shadehouse (exposed to full sun or in
partial shade) were moved to an enclosed shadehouse
for winter protection. In early May, after the frost-free
date, plants were moved back to the open shadehouse
and exposed to full sun or in partial shade as before.

All plants in this study were arranged in a complete,
randomized block design, with a replication of three

plants per cultivar in the hoop house (shaded environ-
ment) and five plants per cultivar in the open shade-
house (full sun and partial shade environments). While
the arrangement of plants in the hoop house was con-
stant with neighbouring plants throughout the study,
randomization of plants in the open shadehouse chan-
ged every year as plants were moved out of the over-
wintering house. All plants were fertilized in early May
using a 19-5-9 Osmocote Pro™ fertilizer (Scott’s-Sierra
Horticultural Products Co., Maryville, OH, USA), at a
rate of 143 g per pot. All plants were watered using
spray stakes; plants in full sun and partial shade
received additional 7-min, overhead sprinkler irrigation
during mid-afternoon to enhance leaf-spot discase
development. All plants were cut back in early
February before bud break.

Disease development and evaluation

Development of leaf-spot symptoms on different culti-
vars was monitored. Disease development was attrib-
uted to natural inocula from airborne spores. Disease
symptoms were characterized, and pathogens associ-
ated with different symptom patterns were isolated and
identified. Disease severity was rated monthly begin-
ning in July and ending during late September or early
October. Although different symptom patterns were
observed, it was impossible to separate the severity of
different symptoms; however, an overall leaf-spot dis-
ease severity was evaluated. Disease-severity rating
used a scale of 0-5, in which 0 = no infection,
1 =1-10, 2 = 11-25, 3 = 26-50, 4 = 51-75 and
5 = 76-100% of leaf area showing symptoms. The
highest numerical rating observed during each growing
season was used as a measure of cultivar susceptibility
for that season. Mean disease severity from 2 years’
data was used as a measure of cultivar susceptibility
under each environment (Table S1). Cultivars were
categorized as resistant (R) when mean disease-severity
rating was between 0.0 and 1.0, moderately resistant
(MR) when disease severity was between 1.1 and 2.0,
moderately susceptible (MS) when disease severity was
between 2.1 and 3.0 and susceptible (S) when disecase
severity was between 3.1 and 5.0.

Identification of leaf-spotleaf-blight pathogens
Isolation of pathogens from surface-disinfested leaves
was performed by excising small tissue pieces from the
margin of necrotic lesions and following standard iso-
lation techniques (Dhingra and Sinclair 1995). In addi-
tion, symptomatic leaves and some stem pieces were
incubated in moist chamber for 48-72 h at room tem-
perature (21-23°C), after which they were observed
under a dissecting microscope for the presence of coni-
diospores and/or fungal fruiting structures. A sterile
needle was used to aseptically transfer representative
conidiospores onto water agar and potato dextrose
agar (PDA) where they were allowed to grow before
isolates were subcultured into pure cultures.

Diverse fungal isolates were derived from different
disease symptom types and grown on PDA. Individual
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Table 1

Evaluation for cultivar susceptibility to leaf-spot diseases in garden hydrangea (Hydrangea macrophylla) at three environments

Full shade Partial shade
Sub Disease Disease Disecase Disease Disecase Disease
Cultivar® species® severity® reaction? severity® reaction? severity® reaction?
‘Akishino Temari’ serrata 0.67 R NA NA NA NA
‘All Summer Beauty’ mac 2.00 MR 2.31 MS 2.81 MS
‘Altona’ mac 1.17 MR 2.04 MS 3.18 S
‘Amagi Amacha’ serrata 1.67 MR 1.38 MR NA NA
‘Amethyst’ mac 1.67 MR 2.50 MS NA NA
‘Ami Pasquier’ mac 0.83 R 1.67 MR 1.64 MR
‘Ayesha’ mac 0.84 R 1.50 MR 1.67 MR
‘Bailmer’ (‘Endless mac 1.34 MR 1.34 MR 3.00 MS
Summer’)
‘Beauté Vendomoise’ mac 1.00 R 1.63 MR 2.82 MS
‘Benigaku’ serrata 0.50 R 1.88 MR 2.88 MS
‘Blauer Prinz’ (‘Blue mac 1.00 R 1.17 MR 2.57 MS
Prince’)
‘Blaumeise’ mac 0.33 R 2.38 MS 1.42 MR
‘Blue Billow’ serrata 1.34 MR 1.00 R 2.35 MS
‘Blue Bird’ serrata 0.67 R 1.42 MR 1.88 MR
‘Blue Deckle’ hybrid 1.17 MR 1.71 MR 3.21 S
‘Blue Wave’ mac 1.17 MR 2.92 MS 2.17 MS
‘Bodensee’ mac 2.17 MS 1.96 MR 2.37 MS
‘Bouquet Rose’ mac 0.50 R 1.46 MR 2.34 MS
‘Charme’ mac 1.67 MR 1.71 MR 3.54 S
‘Coerulea’ serrata 1.00 R 1.09 MR 2.47 MS
‘Diadem’ serrata 1.17 MR 0.42 R NA NA
‘Domotoi’ mac 2.50 MS 1.96 MS 3.50 S
‘Dooley’ mac 1.17 MR 1.79 MR 2.32 MS
‘Enziandom’ mac 1.50 MR 2.50 MS 2.19 MS
‘Fasan’ mac 1.50 MR 1.17 MR 2.60 MS
‘Forever Pink’ mac 0.50 R 2.09 MR® 1.42 MR
‘Frillibet’ mac 1.00 R 2.17 MS 3.33 S
‘Fuji Waterfall’ mac 1.24 MR 1.59 MR 1.75 MR
(‘Fujinotaki’)
‘Général Vicomtesse mac 1.17 MR 1.63 MR 2.75 MS
de Vibraye’
‘Geoffrey mac 1.50 MR 2.50 MS 3.44 S
Chadbund’
‘Gerda Steiniger’ mac 0.67 R 2.50 MS 3.36 S
‘Gertrude Glahn’ mac 1.00 R 1.75 MR 2.53 MS
‘Glowing Embers’ mac 0.50 R 2.00 MR 4.50 S
‘Goliath’ mac 2.50 MS 2.67 MS 3.44 S
‘Grayswood’ serrata 1.17 MR 2.13 MS 1.73 MR
‘Hadsbury’ mac 0.67 R NA NA NA NA
‘Hallasan’ serrata 1.17 MR NA NA NA NA
‘Hamburg’ mac 0.50 R 2.96 MS 3.5 S
‘Hanabi’ mac 1.00 R NA NA NA NA
‘Harlequin’ mac 0.67 R 1.71 MR 3.09 S
‘Hobella’ mac 1.33 MR NA NA NA NA
‘Hokaido’ serrata 1.84 MR 2.04 MR 3.17 N
‘Holstein’ mac 1.34 MR 2.63 MS NA NA
‘Intermedia’ serrata 0.67 R 2.63 MS 2.25 MS
‘Jogosaki’ mac 0.67 R NA NA NA NA
‘Kluis Superba’ mac 1.67 MR 1.50 MR 3.02 MS
‘Komachi’ serrata 1.67 MR 1.25 MR 3.59 S
‘Konigstein’ mac 2.50 S 2.04 MR 3.44 S
‘La France’ mac 0.84 R 1.59 MR 2.63 MS
‘Lady in Red’ mac 0.67 R NA NA NA NA
‘Lanarth White’ mac 0.50 R 0.38 R 3.17 S
‘Lemon Wave’ mac 1.50 MR 1.29 MR 2.36 MS
‘Lemon Zest’ mac 1.17 MR NA NA NA NA
‘Libelle’ mac 0.67 R 2.50 MS 2.98 MS
‘Lilacina’ mac 0.67 R 3.34 S 2.22 MS
‘Madame Emile mac 0.50 R 2.00 MR 3.29 S
Mouillere’
‘Madame Faustin mac 1.50 MR 1.50 MR 3.00 MS
Travouillon’
‘Maréchal Foch’ mac 1.17 MR 1.50 MR NA NA
‘Mariesii’ mac 0.67 R NA NA NA NA
‘Mathilda Giitges’ mac 1.67 MR 2.67 MS 3.38 S
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Table 1
Continued
Full shade Full sun Partial shade
Sub Disease Disease Disease Disease Disease Disease

Cultivar® species® severity® reaction’ severity® reaction? severity® reaction?
‘Merritt’s Supreme’ mac 0.67 R 2.00 MR 2.32 MS
‘Miranda’ serrata 1.00 R 1.21 MR 3.59 S
‘Miss Belgium’ mac 2.00 MR 2.04 MR 3.50 S
‘Miss Hepburn’ mac 2.33 MS 2.17 MS 2.84 MS
‘Miyama-yae-Murasaki’ serrata 0.67 R 1.13 MR 2.00 MR
‘Mousmee’ mac 2.00 MS 2.21 MS 3.00 MS
‘Nachtigall’ mac 1.00 R 2.46 MS 3.00 MS
‘Nigra’ mac 1.33 MR 1.00 R 2.69 MS
‘Nikko Blue’ mac 1.00 R 2.34 MS 2.22 MS
‘Omacha’ serrata 0.67 R NA NA NA NA
‘Oregon Pride’ mac 1.00 R 1.13 MR 2.48 MS
‘Otaska’ mac 1.00 R 1.84 MR 2.63 MS
‘Parzival’ mac 0.50 R 1.13 MR NA NA
‘Penny Mac’ mac 1.34 MR 2.59 MS 2.72 MS
‘Pretty Maiden’ serrata 2.17 MS 2.50 MS 3.82 S

(‘Shichidanka’)
‘Preziosa’ hybrid 1.17 MR 2.88 MS 3.00 MS
‘Seafoam’ mac 0.34 R 2.00 MR 1.87 MR
‘Shirofuji’ serrata 0.50 R NA NA NA NA
‘Sir Joseph Banks’ mac 1.00 R NA NA NA NA
‘Sister Therese’ mac 0.83 R 3.59 S NA NA

(‘Soeur Theérese”)
‘Souvenir du Président mac 1.67 MR 1.59 MR 2.42 MS

Doumer’
‘Taube’ mac 1.50 MR 1.63 MR 1.62 MR
‘Todi® mac 0.84 R 1.34 MR 2.61 MS
‘Tokyo Delight’ hybrid 1.17 MR 2.92 MS 3.33 S
‘Tovelit’ mac 1.50 MR 1.46 MR 2.38 MS
‘Tricolor’ mac 0.83 R 1.17 MR 1.83 MR
‘Trophy’ (‘Tropheée’) mac 0.67 R 2.17 MS 2.37 MS
“Veitchii’ mac 0.50 R 1.34 MR 0.78 R

“Subspecies assignment for cultivars used in this article was adopted from nursery preferred names, cultivar checklist (Bertrand 2001) and

results from molecular studies by Reed and Rinehart (2007).

®Hydrangea macrophylla subspecies macrophylla (mac), serrata and hybrid between the two subspecies.
“Two-year mean disease-severity readings in which 1 = 1-10, 2 = 11-25, 3 = 26-50, 4 = 51-75 and 5 = 76-100% of the plant showing
disease symptoms; detailed disease-severity readings are presented in supplement Table 1. Some plants died or grew very poorly for

evaluation (NA).

9Discase reactions categorized as resistant (R), moderately resistant (MR), moderately susceptible (MS) or susceptible (S) were based on the

overall mean disease readings over 2 years in which R = 0-1.0, MR =

1.1-2.0, MS = 2.1-3.0 and S = 3.1-5.0.

“We designated the Forever Pink as MR under full shade although the disease severity is 2.09, which belongs to MS. Because the cultivar
showed R and MR under full sun and partial shade conditions, respectively, and the disease severity is very close to MR (1.1-2.0).

isolates were evaluated for pathogenicity on healthy
leaves of three cultivars ‘All Summer Beauty’, ‘Blue
Bird” and ‘Nikko Blue’. Pathogenicity tests for fungal
isolates were conducted using an in vitro assay tech-
nique that used detached leaves in moist chambers,
which consisted of clear plastic containers containing
paper towels soaked with sterile water (Loladze et al.
2005; Park et al. 2008). Clear plastic containers with
folded paper towels drenched with sterile water were
used as moist chambers for pathogenicity tests (Lol-
adze et al. 2005; Park etal. 2008; Mmbaga et al.
2010). Four medium-sized, disease-free leaves were
detached, surface disinfested and placed in each moist
chamber for pathogenicity tests. These leaves were
inoculated with different isolates using mycelial plugs
(2-cm diameter) cut from 10- to 14-day-old cultures
grown in PDA. Sterile PDA agar plugs with no myc-
elia were included as the control. Each half leaf was
inoculated with one isolate, and the other half served
as the control. Isolates proven pathogenic on any of

the three hosts were re-evaluated using a spray-
inoculation technique in which mycelia were macerated
in sterile water and filtered through double layer of
cheese cloth. The filtrates were adjusted to 1.9 x 10*
propagules per ml and wused to spray inoculate
detached leaves, one isolate per leaf with sterile water
as the negative control. Inoculated leaves were placed
in clear moist chambers and incubated at 23 and 26°C.
A replication of four leaves per isolate was used, and
leaves were arranged in a randomized, complete block
design. Re-isolation of the organisms from leaf lesions
was performed to confirm the causal pathogen and ful-
fil Koch’s Postulates (Schumann and D’Arcy 2010).
Fungal isolates obtained from infected leaves were
identified using morphological features observed under
a compound microscope and DNA sequence analysis
(Ellis 1993; Altschul et al. 1997). Genomic DNA was
extracted from conidiospores and mycelium using
DNeasy Plant Mini Kit (Qiagen Inc., Valencia, CA,
USA) following standard protocols. DNA amplifica-
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tion was performed using polymerase chain reaction
(PCR) and internal transcribed spacer (ITS) primer
pairs (ITSIATS4) following standard PCR procedures
with minor modifications (Weising et al. 1995). DNA
sequence analysis was performed by the Davis Sequenc-
ing Inc. (Davis, CA, USA) (http://www.davissequencing.
com). The sequences obtained were compared with all
sequences of ITS region in the GenBank using BLAST
(http://www.ncbi.nlm.nih.gov/BLAST/). Sequences of
leaf-spot pathogens were deposited into GenBank.

Data analysis

Data analysis was performed using the SAS (Statisti-
cal Analysis Systems, Inc., Cary, NC, USA) general
linear models (GLM) procedure (Schlotzauer and
Littell 1987). Multiple comparisons of the mean dis-
ease severities from treatments were conducted using
a series of f-tests between pairs of means following
sAs procedures in PROC Anova and PROC GLM
(Table S1).

Results

Disease development and evaluation

Because the plants used initially were free from leaf
spot, it is inferred that subsequent leaf-spot diseases
on these plants were derived from natural airborne
inocula associated with the local area. In some cases,
different leaf-spot symptom patterns were observed
under the three environments, suggesting that different
pathogens may be involved in each environment.
Symptoms included necrotic lesions characterized by
small, circular leaf spots with ash-coloured centres and
purplish to dark-brown margins observed in all envi-
ronments starting from the mid-summer (Fig. 1).
These lesions began as purplish discolorations that
subsequently became necrotic and sunken. Other
lesions remained pinhead sized, while some enlarged
and later merged to cover a large part of the leaf of
some cultivars; some merged lesions maintained their
characteristic circular shape (Fig. 1). Circular to irreg-
ularly shaped necrotic lesions with concentric rings of
alternating brown and slightly lighter brown zones
with ash-grey centres were also observed in many culti-
vars starting in July with increasing prevalence
through September to early October (Fig.2). Some
lesions merged to cover most of the leaf surface; some
lesions developed on flower petals forming well-defined

brown concentric ring pattern (Fig. 2). This symptom
pattern was observed in all environments, but was
most prevalent in full sun to partial shade (data not
shown). Another symptom pattern consisted of irregu-
larly shaped, dark-brown lesions that sometimes
merged to cover most of the leaf surface (Fig. 3). This
symptom pattern was observed in all environments
starting in July through October, but was most preva-
lent in full sun and partial shade (data not shown).
Another symptom type consisting of irregularly
shaped, brown, necrotic lesions with or without
defined margins and chlorosis was also observed in all
environments starting in July through October, but
was most prevalent in full sun (Fig. 4). This symptom
type occurred sporadically while symptoms shown in
Figs. 1-3 were common throughout the season. Some
cultivars predominantly displayed one or two symptom
types, but many exhibited all lesion types; sometimes
different symptoms merged and overlaid each other.
Thus, it was impossible to separate different lesion
types during disease monitoringscreening, and the dis-
ease-severity rating was based on overall cultivar sus-
ceptibility to all leaf-spot diseases.

Susceptibility of different cultivars to leaf-spot dis-
eases was highly variable among cultivars, among
the three environments and between years (Table 1;
Table S1). Variation in temperature and rainfall
between years is likely to have contributed to differences
in disease severity (Fig. 5). Overall susceptibility of cul-
tivars from 2-years’ data exhibited mean disease-severity
ratings, in which 51% of the cultivars were R and 41%
were MR in the shaded environment (Table 1). Only a
few cultivars developed significant leaf spotting in the
shaded environment; of these, ‘Bodensee’, ‘Domotor’,
‘Goliath’, ‘Miss Hepburn’, ‘Mousmee’ and ‘Pretty Mai-
den’ (‘Shichidanka’) were rated MS, while ‘Konigstein’
was rated S (Table 1).

Many (38%) cultivars displayed high disease-severity
ratings (S or MS level) under full sun, while 57 and
5% were rated as MR and R, respectively (Table 1).
Disease-severity ratings were higher in partial shade,
especially in 2010 when only 1% of the cultivars were
rated R and 16% were rated MR (Table 1). Some cul-
tivars were not tolerant of direct sunlight and either
died or grew very poorly; these were ‘Akishino
Temari’, ‘Amagi Amacha’, ‘Amethyst’, ‘Diadem’,
‘Hadsbury’, ‘Hallasan’, ‘Hanabi’, ‘Hobella’, ‘Jogosaki’,

Fig. 1 Small, circular, necrotic lesions with ash-coloured centres and prominent purplish to dark-brown margins on different hydrangea
(Hydrangea macrophylla) cultivars were associated with Corynespora cassiicola, Phoma exigua and Cercospora sp.
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Fig. 2 Circular to irregular-shaped, necrotic lesions with concentric rings and ash-grey centre may merge or expand on different hydrangea
(Hydrangea macrophylla) cultivars. Diseased flower petals were associated with Corynespora cassiicola, Phoma exigua, Myrothecium roridum

and Cercospora sp.

il

Fig. 3 Dark-brown, necrotic lesions of irregular shape with or without chlorosis on different hydrangea (Hydrangea macrophylla) cultivars
were associated with Coynespora cassiicola, Phoma exigua and Botrytis cinerea

Fig. 4 Irregularly shaped, brown, necrotic lesions with or without chlorosis or margins on different hydrangea (Hydrangea macrophylla)
cultivars were associated with Glomerella cingulata (Colletotrichum gloeosporioides), Phoma exigua and Botrytis cinerea

‘Lady in Red’, ‘Lemon Zest’, ‘Maréchal Foch’,
‘Mariesii’, ‘Omacha’, ‘Parzival’, ‘Shirofuji’, ‘Sir Joseph
Banks’ and ‘Sister Therese’ (‘Soeur Thérese’) (Table 1).

In addition to the effects of shade, full sun and par-
tial shade on disease severity, weather influences on
disease severity complicated data interpretation. Tem-
perature and rainfall during the 2007 through 2010
growing seasons are presented in Fig. 5. Despite
weather conditions that were highly favourable for
leaf-spot disease (e.g., high temperatures with frequent
rain showers) during 2007-2010 (Fig. 5), 10 cultivars,
‘Ami Pasquier’, ‘Ayesha’, ‘Blue Bird’, ‘Forever Pink’,
‘Fuji Waterfall’ (‘Fujinotaki’), ‘Miyama-yae-Murasaki’,
‘Seafoam’, ‘Taube’, ‘Tricolor’ and ‘Veitchii’, remained
R or MR under all three environments throughout this
study (Table 2).

Identification of leaf-spotleaf-blight pathogens

Fungi isolated from hydrangea leaf spots were identi-
fied as Corynespora cassiicola, Cercospora sp., Phoma
exigua, Myrothecium roridum, Glomerella cingulata
(Anamorph: Colletotrichum gloeosporioides), Glomerel-
la acutata (Anamorph: Colletotrichum  acutata),
Alternaria alternata and Botryotinia fuckeliana (Ana-
nmorph: Botrytis cinerea). DNA sequence of the ITS
region and morphological characterization (Ellis 1993)
were used to identify leaf-spot pathogens isolated from
diseased hydrangea leaves. ITS nucleotide sequence for
C. cassiicola had 100% identity with GenBank
Accession no. FJ624260 (C. cassiicola strain HNY35-
4B) and 99% identity with other C. cassiicola strains
in the GenBank. Furthermore, close matches were not
found with any other fungi. ITS nucleotide sequence
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40 sequences of Cercospora hydrangeae were not found in
35 * the blast search for the Cercospora isolates from this
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Fig. 5 Weather patterns showing temperature and rainfall in 2007
through 2010 growing seasons in McMinnville, TN, USA

for Cercospora sp. matched that of Cercospora beticola
(GenBank Accession No. HQ328503), Cercospora
kikuchii (GenBank Accession no. HM631728), Cerco-
spora zebrinae (GenBank Accession no. DQ835072)

study (DNA sequences for C. hydrangeae have not
been previously deposited in the GenBank.). ITS
sequences of the isolate identified as P. exigua showed
100% identity to GenBank Accession no. EU343173;
however, sequences from this isolate also showed
100% identity to P. multirostrata (GenBank Accession
no. GU233805) and Phyllosticta jasmini (GenBank
Accession no. AB470839). ITS sequences from the iso-
late identified as M. roridum had closest similarity
(99%) with M. roridum isolates (GenBank Accession
nos. AJ301994 and AJ608978); other close matches
(97%) were found with M. gramineum (GenBank
Accession no. FJ235084) and M. tongaense (GenBank
Accession no. AY254157). ITS sequences from the
G. cingulata (C. gloeosporioides) isolates showed 100%
identity to GenBank Accession no. DQ286192, and no
close matches with any other fungi. ITS sequences of
the B. cinerea isolates showed 100% identity with Bot-
ryotinia fuckeliana (anamorph: B. cinerea; GenBank
Accession no. HM989942) and to B. elliptica (Gene-
Bank Accession no. EU519207) of Allium spp.
Alternaria alternata and G. acutata were not patho-
genic (data not shown), but the remaining six fungi
were pathogenic and produced necrotic lesions on
inoculated leaves, while sterile PDA plugs and sterile
water did not produce lesions (Fig. 6). Lesions pro-
duced by different fungi were not morphologically dis-
tinct, and different fungi produced similar symptoms
on inoculated leaves. While some isolates of P. exigua
produced dark-brown lesions with concentric rings,
only M. roridium consistently produced that symptom
pattern. Spray inoculation resulted in necrotic lesions

and several other Cercospora spp. by 100%. DNA of different sizes; for example, C. cassiicola produced
Table 2
Cultivars of Hydrangea macrophylla that exhibited best performance in leaf-spot disease reactions in different environments between 2007 and
2010
Mean disease severity® and disease reaction®
Mean reading (0-5 scale)b Disease reaction®

Full shade Full sun  Partial shade Overall mean Full shade Full sun  Partial shade Overall Mean
Cultivar Subspecies® (2007-2008) (2007-2008) (2009-2010)  (6-readings) (2007-2008) (2007-2008) (2009-2010)  (6-readings)
‘Ami Pasquier’ mac 0.83 1.67 1.64 1.38 R MR MR MR
‘Ayesha’ mac 0.84 1.50 1.67 1.34 R MR MR MR
‘Blue Bird’ serrata 0.67 1.42 1.88 1.32 R MR MR MR
‘Forever Pink’ mac 0.50 2.09¢ 1.41 1.33 R MR MR MR
‘Fuji Waterfall’ mac 1.24 1.59 1.75 1.52 MR MR MR MR

(‘Fujinotaki’)
‘Miyama-yae- serrata 0.67 1.13 2.00 1.26 R MR MR MR
Murasaki’

‘Seafoam’ mac 0.34 2.00 1.87 1.40 R MR MR MR
‘Taube’ mac 1.50 1.63 1.62 1.58 MR MR MR MR
‘Tricolor’ mac 0.83 1.17 1.83 1.27 R MR MR MR
“Veitchir’ mac 0.50 1.34 0.78 0.87 R MR R R

aHya'; angea macrophylla subspecies macrophylla (mac) and serrata.

Disease-severity readings 1 = 1-10, 2 = 11-25, 3 = 26-50, 4 = 51-75and 5 =

76-100% of the plant showing disease symptoms.

“Disease reactions categorized as resistant (R), moderately resistant (MR), moderately susceptible (MS) or susceptible (S) were based on the

mean disease readings derived from multiple years in which R = 0-1.0, MR =

1.1-2.0, MS = 2.1-3.0 and S = 3.1-5.0.

dWe designated the ‘Forever Pink’ as MR under full shade although the disease severity is 2.09, which belongs to MS. Because the cultivar
showed R and MR under full sun and partial shade conditions, respectively, and the disease severity is very close to MR (1.1-2.0).
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Fig. 6 Necrotic lesions reproduced by different fungi on inoculated hydrangea (Hydrangea macrophylla) leaves

large lesions on ‘Nikko blue’ and ‘All Summer Beauty’
and smaller circular lesions on ‘Blue Bird’, while
Cercospora sp. produced small, circular lesions on
‘Nikko Blue’ and ‘All Summer Beauty’ and no lesions
on ‘Blue Bird.” The representative ITS DNA sequences
of the different fungi isolated from hydrangea leaf
spots have been deposited in the GenBank with the
following GenBank Accession numbers: HQ845386 for
C. cassiicola, HQ845387 for Cercospora sp., HQ845385
for G. cingulata  (anamorph  C. gloeiosporoides),
HQS845384 for P. exigua, HQ845388 for B. cinerea,
HM215150 for M. roridium, HQ878371 for A. alternata
and HQ878372 for G. acutata.

More than one fungus was isolated from each symp-
tom type, C. cassiicola, Cercospora sp., P. exigua and
G. acutata were isolated from small, circular, necrotic
leaf spots with ash-coloured centres and purplish to
dark-brown margins (Fig. 1). Corynespora cassiicola,
M. roridum, C. gloeiosporoides and P. exigua were iso-
lated from the large circular to irregular-shaped,
necrotic lesions with concentric rings (Fig. 2). Corynes-
pora cassiicola, P. exigua, B. cinerea and A. alternata
were isolated from dark-brown, necrotic lesions of
irregular shape with or without chlorosis as shown in
Fig. 3. Glomerella cingulata (anamorph C. gloeosporio-
ides) and B. cinerea were isolated from angular to cir-
cular, brown, necrotic lesions presented in Fig. 4.
Pathogenicity of each of these fungi was confirmed by
re-isolation of the same fungus from the lesions of
inoculated leaves. Of > 100 isolates obtained over the
course of this study, 55% were of C. cassiicola, 20%
Cercospora sp., 5% Phoma, 5% M. roridium, 5%
B. cinerea, 5% G@. cingulata (C. gloeosporioides), 3%
A. alternata and 2% G. acutata.

When stem pieces from plants with dieback were
incubated in a moist chamber for 48 h, abundant
spores of C. cassiicola and A. alternata were observed,
but the A. alternata was not pathogenic. When
infected leaves were incubated in the moist chamber
for 48 h, abundant spores of both C. cassiicola and
Cercospora spp. developed from the small circular
leaf spots shown in Fig. 1, but spores of these two
species were distinguished morphologically even when
the two fungi co-occurred (Ellis 1993; Barnett and
Hunter 1998). Abundant conidiospores of C. cassiicola
developed from large lesions shown in Figs 2 and 3,
while blister-like protrusions of fruiting bodies
(arcevuli) containing abundant spores of G. cingulata

(anamorph C. gloeosporioides) (Barnett and Hunter
1998) developed from large, lighter brown, necrotic
lesions (Figs 2 and 4). Of the six pathogens, C. cassiicola
was the most aggressive in pathogenicity tests, causing
leaf necrosis in 3 days as compared to 4-5 days for the
other pathogens. Some isolates of C. cassiicola caused
large lesions that covered most of the leaf while other
isolates caused smaller lesions (Fig. 6).

Discussion
Garden hydrangea are best adapted to shaded environ-
ments (Dirr 2004), but that environment also favours
powdery mildew outbreaks (Mmbaga et al. 2008).
Studies by Li et al. (2008) showed that Cercospora
leaf-spot discase severity was lower in higher shade
environment and suggested that selectioncreening for
resistant cultivars should be performed under full sun.
Results from this study show that both full sun and
partial shade were good environments for resistance
screening of hydrangea leaf-spot diseases. However,
some cultivars did not tolerate direct sunlight and were
not evaluated; such cultivars would not be suitable for
the landscape use. Most cultivars evaluated in this
study were rated R or MR in shaded environment,
and only a few cultivars were rated S or MS, as previ-
ously reported by Li et al. (2008). This result indicates
that disease-resistant hydrangea cultivars and a shaded
environment can be used as effective components of
integrated disease management for hydrangea leaf-spot
diseases. Ten cultivars were clearly resistant in all envi-
ronments; these cultivars are valuable resources for
nursery growers, landscape industry and hydrangea
breeding programs (Table 2). Of the cultivars rated R
or MR wunder all environments, only ‘Miyama-
yae-Murasaki’ and ‘Veitchii’ are also resistant to
powdery mildew (Mmbaga et al. 2008; Windham et al.
2011). Cultivars rated R or MR to both leaf-spot
diseases and powdery mildew in shaded environment
are also valuable resources for nursery and landscape
industry; these were ‘Akishino Temari’, ‘Diaden’,
‘Miyama-yae-Muraski’, ‘Omacha’, Shirofuji’ and
‘Veitchii’ (Windham et al. 2011; Tables 1 and 2).
Leaf-spot pathogens survive on previously infested
plant debris and dormant buds (Hagan and Mullen
2001). Thus, inoculum build-up over time may have
contributed to the increasing disease levels in each
environment. Such situations often result in yearly
leaf-spot disease outbreaks (Hagan and Mullen 2001).
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Based on inoculum availability alone, leaf-spot disease
severity was expected to increase progressively between
2007 and 2010. However, environmental differences in
shade, partial shade and full sun and differences in
weather conditions in different years also impacted dis-
ease severity. While 2007 summer was dry and unusu-
ally hot, the cooler temperatures during 2008 and 2009
were less favourable to hydrangea leaf-spot diseases,
and the increased rain showers during 2009 were
favourable to pathogen spread. High temperatures
during July through September 2010 were similar to
2007, but the combination of high temperatures and
frequent rainfalls in 2010 favoured pathogen spread
and high disease severity. Rainfall was highest in 2009
when temperatures were generally moderate (Fig. 5),
and the disease-severity rating ranged from approxi-
mately 0.6-4.5 as compared to 1-5 in 2010 when both
temperature and rainfall were more favourable for dis-
ease development. Results from this study provide
additional evidence that the complex interactions
among environmental factors can influence disease
severity.

Results from our studies support previous reports
that various pathogens cause hydrangea leaf spots
(Hagan and Mullen 2001; Williams-Woodward and
Daughtrey 2001). Of the fungi that occurred naturally
at the study site (McMinnville, TN, USA), pathogenic-
ity of C. cassiicola, Cercospora sp., M. roridum,
G. cingulata (Anamorph: C. gloeosporioides), P. exigua
and B. cinerea was confirmed on three cultivars. These
six fungal pathogens have been reported to cause leaf-
spot disease wherever hydrangea are grown. Symptoms
resembling those presented in Fig. 1 have been
described for Cercospora leaf spot, also known as
‘frogeye leaf spot’ caused by C. hydrangeae (Hagan
and Mullen 2001; Vann 2010; http://www.htpp//plant-
path.caes.uga.edu/extension) as well as Corynespora
leaf spots (Wolcan et al. 2005; Schlub and Smith
2007). In our study, three fungal pathogens were
isolated from leaves displaying this symptom: C. cassii-
cola, Cercospora sp. and P. exigua. After infected
leaves were incubated in moist chamber for 48 h,
spores of both C. cassiicola and Cercospora sp., but
not P. exigua, were observed on the lesions. Observa-
tions from this study raise questions as to whether dis-
ease outbreaks referred to as Cercospora leaf spot are
caused by Cercospora sp., C. cassiicola and P. exigua
or a mixture of these pathogens. In our observations,
once Corynespora is introduced into a plant, yearly
outbreaks of the disease are likely to occur. Thus,
continued studies are needed to assess the reaction of
individual hydrangea cultivars to individual fungal
pathogens in a controlled environment. Identification
of resistant cultivars is essential for hydrangea
breeding programs for cultivars that are resistant to
major leaf-spot pathogens, such as C. cassiicola and
Cercospora spp.

In this study, four fungal pathogens (C. cassiicola,
P. exigua, C. gloeosporioides and M. roridum) were iso-
lated from symptoms that resembled those described

for anthracnose or ‘target-leaf spot’ caused by C. glo-
eosporioides (Hagan and Mullen 2001; Fig. 2). How-
ever, C. gloeosporioides was recovered from only 5%
of leaves displaying this symptoms pattern, which
agrees with the sporadic occurrences reported in the
literature (Hagan and Mullen 2001). Interestingly, only
M. roridum consistently reproduced lesions with con-
centric rings in pathogenicity tests. While M. roridum
was first reported in the USA in 2010 (Mmbaga et al.
2010), this pathogen has been associated with wide
host range causing leaf spotsblight and reducing seed
germination (Dake 1980; Ravishankar and Mamatha
2005; Mangandi et al. 2007).

Phoma exigua has been reported as a pathogen of
hydrangea in the USA, and it caused severe defoliation
and had a detrimental impact on the aesthetic value of
the diseased plants in Italy (Garibaldi et al. 2006). In
our study, the occurrence of this pathogen was low,
and its impact on plant aesthetics could not be evalu-
ated because its presence was a part of a disease com-
plex. A previous report indicates that B. cinerea causes
grey mould on hydrangea during warm and wet
weather (Hagan and Mullen 2001). Although B. cine-
rea has wide distribution, it was only found at low fre-
quency on hydrangea during July. While crowded
plants and high humidity can create favourable envi-
ronment for leaf-spot pathogen activity, high tempera-
tures are favourable to hydrangea leaf-spot disease
development (Hagan and Mullen 2001; Hagan et al.
2004).

Glomerella acutata is recognized as a cosmopolitan
pathogen recovered from a wide range of plants, and
it is often found in close association with other Collet-
otrichum species (Guerber and Correll 2001). However,
G. acutata was not pathogenic on the three hydrangea
cultivars. Similarly, 4. alternata has been reported to
cause dark leaf spots on some hydrangea cultivars in
Italy (Garibaldi et al. 2007), but in our studies, disease
symptoms were not reproduced, possibly because the
cultivars used for pathogenicity tests may be resistant
to this pathogen. Alternaria alternata are also common
saprophytes on most plants and plant debris (Rotem
1994). Thus, it is possible that the A. alternata isolates
from our studies were saprophytes. More studies are
needed to determine the role of different pathogens in
the leaf-spot disease complex of hydrangea.
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