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Abstract

Powdery mildew disease severity was assessed in fourteen spedoesust Seedlings o€. alternifolia, C. controversa andC. mas
were not infected with powdery mildene cultivar ofC. alba, ‘Bud’s Yellow’, was also not infected, whereas ‘Ivory Halds
parasitized wittPhyllactinia guttata. Cultivars ofC. florida (‘Cherokee Brave’, ‘Cloud 9, and ‘Cherokee Sunset’) and lineS. of
kousa (seedlings and clones 6f kousa var. chinensis) significantly differed in their susceptibility to powdery mildeMl trees ofC.
floridaandC. kousa had thalli and cleistothecia Bfysiphe pulchraon abaxial and adaxial surfaces. Location of mycelia and cleistothecia
of P. guttata on leaves were variable for blue berry dogwood species.

Index words: disease resistanc®gwood Erysiphe pulchra, Microsphaera pulchra, Phyllactinia guttata.

Speciesused in thisstudy: tatarian dogwoodGornusalbalL.); pagoda dogwoodX. alternifolia); silkky dogwood@. amomum Mill.);
giant dogwood €. controversa Hemsl.); rough leaf dogwo@d drummondii C. A. Mey); flowering dogwoodC. florida L.); kousa
dogwood C. kousa (Buemger ex Miq.) Hance); bigleaf dogwoo@.(macrophylla Wallich.); cornelian cherry dogwoo€(masL.);

Pacific dogwoodC. nuttalli Aud.); pale dogwood(. obliqua Raf.); gray dogwoodQ. racemosa Lam.); redosier dogwood( sericea
L.); swamp dogwoodQ. stricta Lam.).

Significanceto the Nursery Industry Two olganismsMicrosphaera pulchra Cooke and Peck

Powdery mildew of flowering dogwoodC( florida) has (14) andPhyllactinia guttata (Wallr:Fr.) Lév.(10), have been
become a common disease in nurseries and Iandscape%SSOC'ated with this diseadicrosphaera pulchra parasitises

throughout much of the eastern Unitedt8s. Nearly all cul- florida (red berry type dOQWOOd with lge showy bracts),
wheread?. guttata parasitise€. amomum (blue berry type,

tivars of flowering dogwoods are susceptible to powdery ; .
mildew, and costly chemical treatments are necessary to grow Practless dogwood). Caution should be used when attribut-

suitable trees for market. During the last decade, native dog-"9 & Powdery mildew species to a specific species (9).
wood species, mostly blue berry types, have become moreMicrosphaerapulchrahas been placed in the geriurgsiphe

popular in the nursery trade due to public demand for native LErysiphe pulchra (Cooke & Breck) U. Braum & S.
plant species and for their perceived superior resistance to 1akamatsu c_omb. _nc}\based on rDNATS sequences (2),
diseases. Disease resistant plants are less costly to grow thaftnd the @anism will be referred hefea.ﬁef Fol‘ﬂspulch_ra.
susceptible ones and allows producers to lower costs. How- Powdery mildew spreads very rapidly in nurseries and
ever theseCornus species haveeceived little study con-  landscapes. Infected treedbfiorida grow slowly and have
cerning their resistance to diseases. In this peperesponse  educed flowering, delayed leaf break in the spring and un-
of 14 Cornus species to powdery mildew is reported. Indi- usually high shoot death. In 1994 and 1995, many f"?'ds of
vidual plants ofC. alternifolia, C. controversaandC. masin flowering dOQWOOd$ were abandoned due to high incidence
this study were not susceptible to powdery mildelow- of powdery mildew infected trees, and researchers and nurs-

ever the responses of oth@ornus species to powdery mil- ery professionals scrambled to find ways to control the dis-

dew suggests that blanket statements concerning powdery©2S€ (6, 13, 19Yoday powdery mildew is managed with
mildew resistance for an entire species may be inappropri- Undicide sprays applied at 14-day intervals from late spring

ate. Nursery producers should either screen initial produc- until fall. High costs and increased labor associated with

tion of individual lines for resistance or obtain propagation SPraying have forced many small-volume growers to aban-
don dogwoods as a crop.

materials from lines that have been tested by someone else. ) ; .

Considerable interest has focused on resistance to pow-
dery mildew inCornus species, especially in red berry types
i , ) (8, 11, 15, 21)The frequency of resistance to powdery mil-
~ Powdery mildew of flowering dogwoo@¢rnusflorida), dew in seedlings €. floridato be 0.1% (18). Several culti-
first reported in 1887 (3), was rarely observed on dogwood yars of flowering dogwood were identified as being resistant
prior to 1994 when serious outbreaks of the disease weretg powdery mildewbut levels of resistance have been vari-
reported in dogwood nurseries and landscapes in many areagple between studies or between years in the same study (8,
of the eastern Unitedt@es.The reason for the sudden on- 11 21). Recentlythree white-bracted cultivars 6f florida

slaught of this disease is unknown. Mmbaga et al. (12) haveyere described and patented as being consistently resistant
suggested the ganism that causes epidemics in flowering o E. pulchra (20).

Introduction

dogwood nurseries entered the Unitéatt& on kousa dog- Resistance to powdery mildew in blue berry type dogwoods
woods C. kousa) from Japan. has been reported, but few species were evaluated)(8, 1
Cleistothecia of either or both pulchra andP. guttata were
'Received for publication oAugust 2, 2004; in revised fordugust 5, observed on these speices (21). Howewersignificance of
2005. orientation of cleistothecial appendagesPofjuttata de-
2Professors. scribed by Cullum an@ebster (3) and Klein et al. (9) was
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Table 1.

Dogwood (Cornus) taxa examined for presence of powdery mildew thalli on abaxial (TAb.) and adaxial (TAd) surfaces of leaves, presence of

cleistothecia of Erysiphe (sect. Microsphaera) pulchra on abaxial (EcAb) and adaxial (EcAd) surfaces of leaves, presence of cleistothecia of
Phyllactinia guttata on the abaxial (PcAb) and adaxial (PcAd) surfaces of leaves and rated for powdery mildew disease severity (DS).

Cornus species TAb. TAd EcAb EcAd PcAb PcAd D&
C. alba ‘Bud’s Yellow’ - - - - X X oa
C. alba ‘Ivory Halo’ + + - - + + 3c
C. alternifolia - - - - — - Oa
C. amomum - + - - X + 4de
C. controversa - - - - - - Oa
C. drummondii - + - - X + 3cd
C. florida ‘Cherokee Brave’ + + + + X - 3cd
C.florida‘Cloud 9’ + + + + - - 4de
C. florida ‘Cherokee Sunset’ + + + + - — 5e
C. kousa + + - - X - 2bc
C. kousa var. chinensis + + + + X - de
C. macrophylla + - - - + - 3cd
C. mas. ‘Aurea’ - - - - X - Oa
C. mas ‘Golden Glory’ - - - - - - Oa
C. mas ‘Reston’ - - - - - - Oa
C. nuttalli + + + + X - 5e
C. florida x C. nuttalli ‘Eddie’s White Wonder + + + + - — 5e
C. obliqua - + - - X + 3cd
C. racemosa - + — X + 3cd
C. sericea - + - - X + 2b
C. stricta - + - - X + 3cd
ZAbbreviations used in table are: — = thalli or cleistothecia not present; + = thalli or cleistothecia present; x cleistothecia present, but appendage orientat

indicates cleistothecia were not produced at that location.

YDisease rating of 0 = no powdery mildew observed, 1, 2, 3, 4, and 5 = 2, 10, 25, 50, and 100% of foliage with signs of powdepspelctaxely
*Numbers followed by the same letter are not significantfeidifit according tot8dent-Newman-Keu Test.

not consideredThe objectives of the research presented in
this paper were to evaluate a wide selectioGahus spe-
cies for resistance to powdery mildew determine where
thalli of powdery mildew developed on the foliage, and to

powdery mildew thalli (mycelia and conidia) on abaxial and
adaxial sides of leaves was determined visually macroscopi-
cally and also by using a 10.2 cm (4 in) magnifying glass.
Cleistothecia were observed using a magnifying glass and

determine which species of powdery mildew parasitized the orientation of appendages was recorded. Cleistothecia were

plant.

Materials and Methods
Plants (Bble 1) were obtained in one-gallon containers or

collected and examined microscopically for identification.

Results and Discussion
The response (disease severity) of the various species of

as bare root liners from nurseries (all Cornus species — OwensCornus differed to powdery mildemSigns or symptoms of

Farms, RipleyTN 38068; cultivars o€. florida— Commer

cial Nursery DecherdTN 37324). Plants were transplanted
into containers (Zarn 2000, Zarn Inc., Reidsville, NC) con-
taining pine bark medium [amended with 0.62 kKg(in5 Ib/
yd®) 18—-6-12 fertilizerl.45 kg/m (3.5 Ib/yd) dolomitic lime-
stone, 0.83 kg/f(2 Ib/ycf) 0—46—0 super phosphate, 0.94
kg/m?® (2.25 Iblyd) gypsum (CaS(), ) 0.62 kg/m (1.5 Ib/
yd®) Micromax (Grace Sierra, Milpitas, CA), and 0.83 k§/m
(2.0 Ib/yd epson salts (MgS@). Trees were placed under

powdery mildew were not observed on any cultivar or seed-
ling of C. alternifolia, C. controversa andC. mas (Table 1).
One cultivar ofC. alba, ‘Bud’s Yellow’, was free of pow-
dery mildewwhereas another cultivéivory Halo’, had thalli

of powdery mildew on 25% of its foliage. Cultivars ©f
florida andC. kousa also difered significantly in their sus-
ceptibility to powdery mildewAlthough diferences in cul-
tivar responses were noted witl@nflorida andC. kousa in
previous studies (8,11 15, 21), this is the first report of dif-

50% shade cloth and arranged in a randomized complete blockferential cultivar response to powdery mildew in cultivars of

design with 10 replications (each replication was a single
tree). Flowering dogwood trees infected and symptomatic
for powdery mildew were placed as every fifth tree in the
experimentTrees were irrigated twice daily by a overhead
irrigation system that delivered approximately 1.3 cm (0.5
in) of water twice a dayPlants were maintained in this man-
ner for 23 weeks (May 10—October 18).

Powdery mildew disease severity was determined by evalu-

ating the foliage of each tree with the following scale: 0 = no

a blue berry type dogwoo@(alba). Although some species
of Cornus have been identified as resistant to powdery mil-
dew in this and other studies (7, &, 21), variation in resis-
tance within some species ©brnus suggests that generali-
zations of all individuals within a species of Cornus are re-
sistance may be inappropriate.

Powdery mildew mycelia and conidia can be observed on
both or only on one side of a leaf depending on the plant
species and the species of powdery mildew (L type

powdery mildew observed, 1 = 2% diseased foliage, 2 = 10% of variation also exists withiCornus species where pow-

diseased foliage, 3 = 25% diseased foliage, 4 = 50% dis-

dery mildew thalli were observed only on the abaxial leaf

eased foliage or 5 = 100% diseased foliage. Data for diseasesurface ofC. macrophylla and only on the adaxial leaf sur

severity were analyzed using PRAROVA (SAS Institute,
Cary, NC 27513) and means were separated udingde8t-
Newman-Keuk Test (p = 0.05)The presence or absence of
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face of C. amomum, C. obliqua, C. racemosa, C. sericea,
andC. dtricta (Table 1). Powdery mildew was found on both
leaf surfaces df. alba ‘Ivory Halo’, all cultivars ofC. florida
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andC. kousa, C. nuttalli, andC. floridax C. nuttallii ‘Eddie’s
White Wondet. Location of thalli was not associated with
berry type (blue or red) or species of powdery mildew
Infection of Cornus species bye. pulchra andP. guttata
was confirmed by the production of cleistothecia on leaf sur

3. Burrill. T.J. and FS. Earle. 1887Article VI. Parasitic fungi of lllinois.
p. 387-428. Bul. lllinois tate Lab. Natl. HistoryPart I1.Vol. Il. J.W. Franks
and Sons. Peoria. IL.

4. Cullum, EJ. and JWebster 1977. Cleistocarp dehiscence in
Phyllactinia. Trans. Br Mycol. Soc. 68:316-320.

faces. Orientation of cleistothecial appendages as described 5. Cook, R.TA.,A.J. Inman, and C. Billings. 1997. Identification and

by Braun (1) and Cullum andfebster (3) was used to deter
mine if observed cleistothecia frdPhguttata were produced
on a selected leaf or were disseminated to that leaf from an-
other location (@ble 1). Cleistothecia & guttata were ob-
served to be formed on the abaxial leaf surface onfy. of
macrophylla, on the adaxial leaf surface @f amomum, C.
drummondii, C. obliqua, C. racemosa, C. sericea and C.
stricta and on both surfaces @&. alba ‘lvory Hallo’.
Cleistothecia oP. guttata formed on both leaf surfaces@f
alba ‘Bud’s Yellow’, but mycelia were not observed on ei-
ther leaf surfaceThe orientation of cleistothecial append-

ages indicated the cleistothecia were not produced on those

leaves. No cleistothecia Bf guttata were formed on leaves
of C. florida or C. kousa. However cleistothecia of. guttata

classification of powdery mildew anamorphs using light and scanning
electron microscopy and host range data. Mycol. Res. 101:975-1002.

6. Doney J. and J. Hartman. 1997. Control of powdery mildew on
dogwoods. Proc. of 10th Regional DogwaadthracnoseWorkshop.
Lexington, KY. p 50-55.

7. HaganA.K., C.H. Gilliam, C.J. Keeverd.D.Williams, B. Hardin,
and J. Eakes. 1997. Dogwood selectiongedifo their susceptibility to
powdery mildew and spot anthracnose. Proc. of South. Rasec. Res.
Conf. 42:243-248.

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

9. Klein, L.A., M.T. Windham, and R.NTrigiano.1998. Natural
occurrence oficrosphaera pulchra andPhyllactinia guttata on twoCornus
species. Plant Dis. 82:383-385.

were observed to have been disseminated onto abaxial leaf

surfaces of leaves of plants infected with powdery mildew
infections as was cautioned by Klein et al. (9). Cleistothecia
of E. pulchra were observed to be produced on both surfaces
of all cultivars ofC. florida, one line ofC. kousa, C. nuttallii,
andC. florida x C. nuttallii ‘Eddie’s White Wondet.

In summary variation in susceptibility to powdery mil-
dew (. guttata) is apparent both within and between species

of blue berry type dogwoods as has been previously described

in red berry type dogwoods infected with powdery mildew
(E. pulchra). Yarwood (22) stated that errors in the evalua-
tion of host-parasite interactions could be made if ascocarps
of one powdery mildew species became associated with
leaves of another plant infected with another powdery mil-
dew species. Klein et al. (9) found that errors could be made
in identifying whetheE. pulchraor P. guttata had infected a
dogwood species if cleistothecial orientation was not con-
sidered anornus species were mixed in a resistance study
so that cleistothecia from one plant could be disseminated to
anotherCornus speciesTherefore, screening of powdery
mildew resistance requires the examination of both leaf sur
faces and determination of orientation of cleistothecial ap-

pendages to ascertain the source of cleistothecia of either

powdery mildew species known to inf&rnus. Generali-
zations for resistance within any specie<ofnus is dan-
gerous and resistance claims should be limited to the indi-
viduals tested.

Literature Cited

1. Braun, U. 1987A monograph of Erysiphales (powdery mildews)
Beih. Nov Hedwigia 89:1-700.

2. Braum, U. and STakamatsu. 2000. Phylogeny &fysiphe,
Microsphaera, Uncinula (Erysiphae) andCystotheca, Podosphaera,
Sohaerotheca (Cystotheceae) inferred from rDNIAS sequences — some
taxonomic consequenceXxhlechtendalia 4:1-33.

192

10. McRitchie, J.J. 1994. Powdery mildew of flowering dogwood. Florida
Dept. Cons. SenPlant Pathol. Circ. No. 368. 2 pp.

11. Mmbaga, M. and H. Sheng. 2001. Host resistand#itoosphaera
pulchrain dogwood. Proc. of South. Nurserymsssoc. Res. Conf. 46:294—
297.

12. Mmbaga, M., N.B. Klopfenstein, and K. Mee-Sook. 2000. Molecular
genetic analysis of powdery mildew pathogens of dogwood. Proc. of South.
Nurserymers Assoc. Res. Conf. 45:237-241.

13. Olive, J.W,A K. Hagan, J.RAkridge, J.W Olive, and KTilt. 1998.
Evaluation of selected fungicides for control of powdery mildew of dogwood.
Proc. of South. NurserymesAssoc. Res. Conf. 43:217-220.

14.RanneyT.G, L.F Grand, and J.L. Knighten. 1994. Resistance of
Cornus kousa tax to dogwood anthracnose and powdery milderc. of
South. NurserymegAssoc. Res. Conf. 39:212-213.

15. RanneyGT., L.F Grand, and J.L. Knighten. 1995. Susceptibility of
cultivars and hybrids of kousa dogwood to dogwood anthracnose and
powdery mildewJ.Arboriculture 21:1-16.

16. Saenz, . and J.WTaylor. 1999. Phylogeny of the Erysiphales
(powdery mildews) inferred from internal transcribed spacer (ITS) ribosomal
DNA sequences. Can. J. Bot. 77:150-169.

17. Sinclair, W.A., H.H. Lyon, andVN.T. Johnson. 1987. DiseaseSofes
and Shrubs. Comstock Publishidgsoc. Ithaca, NY575 pp.

18. Windham, M.TandW.T. Witte. 1998. Naturally occurring resistance
to powdery mildew in seedlings 6brnusflorida. J. Environ. Hort. 16:173—
175.

19. Windham, M.T,A.S.Windham, and M.A. Halcomb. 1998. Chemical
control of powdery mildew in flowering dogwood. Proc. of South.
Nurserymers Assoc. Res. Conf. 43:251-252.

20. Windham, M.T, W.T. Witte, and R.NTrigiano. 2003 Three white-
bracted cultivars d€ornusfloridaresistant to powdery mildewortScience
38:1253-1255.

21. Windham, M.T, W.T. Witte, R.N.Trigiano, S. Schlarbaum, aAdS.
Windham. 1997. Reactions @ornus species to powdery mildew997.
Proc. of South. NurserymexAssoc. Res. Conf. 42:227-231.

22.Yarwood, C.E. 1957. Powdery mildews. Bot. R2&%.235-301.

J. Environ. Hort. 23(4):190-192. December 2005

$S900E 981) BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



