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Resistance of Hosta
Cultivars to Petiole
Rot Caused by
Sclerotium rolfsii
var. delphinii

Brooke A. Edmunds,
Mark L. Gleason, and
Stephen N. Wegulo

ADDITIONAL INDEX WORDS. soilborne
diseases, herbaceous perennials

SummaRy. Eighteen cultivars of hosta
(Hosta spp.), selected to represent a
wide range of size, leaf shape and
color, and genetics, were evaluated for
reaction to Sclerotium volfsii var.
delphinii in a greenhouse in Ames,
Towa in 2000 and 2001. Bare-root,
single-eye plants were planted in 15.2-
cm (6-inch) pots in a soil-containing
(2000) and soilless (2001) mix and
grown in a greenhouse for 3 months.
Plants were then inoculated by
placing a carrot disk infested with
mycelium of 8. 7olfsii at the base of
the plant. Disease severity was
assessed weekly for 6 weeks as percent
symptomatic petioles. Disease devel-
opment varied significantly (P < 0.05)
among cultivars. Overall, ‘Lemon
Lime’, ‘Munchkin’, ‘Nakaiana’,
‘Platinum Tiara’, and ‘Tardiflora’ had
the most severe symptoms and
‘Halcyon’ showed the least disease.

etiole rot of hosta was once
P thought to be confined to

the southern U.S. Increasing
reports of petiole rot in the midwest
U.S. during the past decade, however,
have caused concern among wholesale
producers and homeowners.

Petiole rot, which has many other
common names including southern
blight, white mold, stalk rot, and crown
rot, is caused by one of two fungi
depending on location. Sclerotinm
rolfsii iswidespread in areas with warm
temperate winters such as the south-
ern U.S (Aycock, 1966). A closely
related fungus, Sclerotium rolfsii var.
delphinii, is tolerant of cooler tem-
peratures and is found in the northern
and midwestern U.S (Harlton et al.,

Department of Plant Pathology, Iowa State University,
351 Bessey Hall, Ames IA 50010.

1995). This geographic distribution
pattern has been noted through an
informal survey of plant pathologists,
but a comprehensive assessment of
disease distribution has not been done.

The taxonomic status of Sclero-
tium volfsii var. delphinii is not fully
resolved. Although it was initially con-
sidered to be a separate species, Sclero-
tium delphinii, recent genetic studies
suggest that the fungus should be con-
sidered a subspecies, Sclerotium rolfsii
var. delphinii (Harlton et al., 1995;
Okabe etal., 1998). In another study,
Sclerotium rolfsii differed from Sclero-
tium volfsii var. delphinii in optimal
growth temperature, host range,
colony morphology, and size of scle-
rotia (Punja and Damiani, 1996). Fur-
ther studies are needed to conclusively
determine the taxonomic designation
of this fungus (Harlton et al., 1995;
Okabe etal., 1998; Punjaand Damiani,
1996). In any case, both fungi pro-
duce similar symptoms on hosta and
are managed similarly.

Sclevotium volfsic var. delphinii
attacks the base of petioles and crown
tissue, causing yellowed, wilted, easily
detached petioles and, in severe cases,
death of entire crowns (Edmunds et
al., 2000). Bases of diseased petioles
become brown and softened. White
mycelium may occur on either the
plant tissue or the surface of the sur-
rounding soil. Sclerotia, the overwin-
tering bodies of the fungus, will be
present as numerous, 1.1- to 2-mm-
diameter (0.04- to 0.08-inch), red-
dish-brown spheres on the soil or in-
fected tissues. Sclerotia are the most
important diagnostic indicator of peti-
ole rot, and enable the fungus to sur-
vive in the soil for two or more years
(Javed and Coley-Smith, 1973). Scle-
rotia attached to the crowns are also
probably the primary means of long-
distance dissemination.

Management of petiole rot is usu-
ally directed at preventing dissemina-
tion and germination of the sclerotia.
Fungicides such as flutolanil and
pentachloronitrobenzene (PCNB) can
be used, but large volumes are typi-
cally necessary (Edmunds etal., 2000;
Punja, 1985). Cultural strategies, such
as deep burial of the sclerotia and
infected plant material and rotation to
nonhost species, are only partially ef-
fective in managing hosta petiole rot
(Punja, 1985). Information on levels
of genetic resistance among hosta cul-
tivars is almost nonexistent. Anecdotal
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reports suggested that certain cultivars
with large leaves, and those whose
leaves are blue in color, are more toler-
ant of S. rolfsii var. delphinii-induced
petiole rot (Draheim, 1997), but no
controlled studies have been done.

The objectives of this study were
to 1) develop a convenient and effec-
tive inoculation method for S. rolfsii
var. delphinii on hosta and 2) screen a
group of commonly planted hosta cul-
tivars to determine the range of resis-
tance within these cultivars.

Materials and methods

PATHOGEN ISOLATION. The iso-
late used in this study was recovered
from soil surrounding symptomatic
hosta plants on the Iowa State Univer-
sity campus in Ames in 2000. The
isolate was identified as S. rolfsii var.
delphinii on the basis of sclerotia size
and color (Z. Punja, personal commu-
nication). The fungus was stored as
dry sclerotia in glass vials at room
temperature.

DEVELOPMENT OF INOCULATION
METHOD. The first inoculum source
tested was sclerotia (Trial 1). Sclerotia
were produced on autoclaved kraft
paper from mycelium growing on in-
oculated oats (Canaday, 1999). Three
sclerotia were placed on the growing
medium surface at the base of each of
12 hostas. Three-month-old single-
eye crowns of ‘Royal Standard’in 15.2-
cm pots with a greenhouse mix (50%
peat : 30% perlite : 20% steamed soil)
were used for all preliminary trials. The
inoculated plants were placed in a
growth chamber with 12 h light at
23.9°C (75 °F) and rated for disease
severity after 2 weeks.

The sclerotia showed high levels
of contamination by Penicillium after
growth chamber inoculation. In sub-
sequent preliminary trials, therefore,
we attempted to surface sterilize scle-
rotia by soaking them for three min in
a 1:9 dilution of 5.25% sodium hy-
pochlorite (bleach), rinsing in distilled
water, and drying between paper tow-
els. Three surface-sterilized sclerotia
were placed at the base of each of 12
hostas in a growth chamber with a 12
hlight-darkregime at23°C(73.4 °F).
Disease severity was assessed after 2
weeks.

In Trial 2, the inoculum tested
was mycelium plugs [0.9-cm (0.35-
inch) diameter ] of S. rolfsiivar. delphinii
that were taken from the edge of an
active 1-week-old culture growing on
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potato dextrose agar. A single plug was
placed on the growing medium sur-
face in contact with the base of each of
12 hostas. The plants were grown in a
growth chamber with a 12-h light—
dark regime at 23 °C and disease sever-
ity was assessed after 2 weeks.

In the third trial, we used amethod
adapted from a study of soybean ( Gly-
cine max) resistance to Sclerotinia
sclerotiorum, the fungus that causes
white mold on many crops (Cline and
Jacobsen, 1983). Inoculum was pro-
duced by transferring a 0.9-cm-diam-
eter plug from the edge of an actively
growing, 1-week-old culture of S. rolfsii
var. delphinii grown on potato dex-
trose agar onto a 0.5-cm-thick (0.20-
inch), 0.9-cm-diameter, autoclaved
carrot disk. The inoculated carrot disks
were incubated for 2 d at 27 °C (80.6
°F) in unsealed plastic petri dishes
placed in plastic crispers, then were
placed at the base of each of 12 hostas.
The soil surface of'six pots was covered
with plastic to maintain high humidity
at the inoculation site. No plastic was
applied to the other six pots. The
plants were placed in a growth cham-
ber with a 12-h light-dark regime at
23 °C and observed for disease sever-
ity after 2 weeks.

SCREENING OF CULTIVARS FOR DIS-
EASE RESISTANCE. Eighteen hosta cul-
tivars, selected to represent a wide
range of plant size, leaf shape and
color, and genetics (P. Henley, per-
sonal communication ), were evaluated
for resistance to S. rolfsiivar. delphinii
in a greenhouse at Iowa State Univer-
sity during the summers of 2000 and
2001.

Bare-root 3-year-old plants were
obtained from Wade and Gatton Nurs-
ery (Beltsville, Ohio) and Mid-Ameri-
can Gardens (Salem, Ore.). Crowns
were divided into single-eye plants
using a sterile knife or razor blade,
then planted into 15.2-cm plastic pots
in a greenhouse potting mix (50% peat
: 30% perlite : 20% steamed soil) in
2000, and Universal Mix (Sun Gro
Horticulture, Pine Bluft, Ark.)in 2001.
Plants were grown in the greenhouse
at more than 60% relative humidity,
maintained with an Aquafog
Humidifan Turbo XE 500 fogger (Jay-
bird Manufacturing Inc., State Col-
lege, Pa.) under a 50% shade cloth for
3 to 5 months before inoculation.
Plants were watered weekly and fertil-
ized biweekly with Excel 17-5-16
(17N-2.2P-13.3K; Miracle-Gro,

Marysville, Ohio). Flower stalks were
removed as they appeared.

Plant height was measured from
the soil line to the tip of the topmost
leaf and maximum spread of foliage
was measured from leaf tip to leaf tip.
Data from all plants of each cultivar
were averaged to determine mean
height and width.

Plants were inoculated on 13 July
2000 and 10 July 2001. The infested
carrot disks were prepared as described
above. After the disks were incubated
for 2 d, plants were inoculated by
placing a disk on the soil surface in
contact with the crown of each plant.
Humidity was maintained at the in-
oculation site by covering the surface
of the growing media with clear plas-
tic.

Plants were rated for disease se-
verity weekly for 6 weeks from mid-
July through late August. Disease se-
verity was assessed as percent symp-
tomatic petioles, which was determined
by counting the number of symptom-
atic petioles per plant and dividing by
the total number of petioles per plant.
Symptomatic petioles were defined as
petioles with yellowing leaf blades that
were easily detachable from the crown
and /or showed a brown discoloration
and softening of the tissue at the base.

The 18 hosta cultivars were ar-
ranged inarandomized complete block
with six single-plant replications. The
experiment was repeated once.
Noninoculated plants of each cultivar
in each replication served as controls
for visual comparison to inoculated
plants.

Area under the disease progress
curve (AUDPC) was calculated from
these assessments (Gomez and Gomez,
1984). AUDPC data were analyzed
using the GLM procedure of SAS (SAS
Institute, Cary, N.C.). The least sig-
nificant difference test (Steel et al.,
1997) was used to compare AUDPC
means among cultivars.

Results

DEVELOPMENT OF INOCULATION
METHOD. Surface sterilization of scle-
rotia with 10% bleach initially reduced
contamination of sclerotia, but Peni-
cilliwm growth resumed within one
week after growth chamber incuba-
tion began. Mycelium plugs used as
inoculum sometimes desiccated be-
fore infections were initiated. Disease
severity was sporadic among the plants
in these initial trials. Inoculating plants
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Table 1. Area under the disease progress curve (AUDPC)” values of hosta cultivars inoculated with the crown rot fungus,
Sclerotium rolfsii var. delphinii during 2000 and 2001.

Cultivar Leaf color ¥ 2000 2001 Both years combined
Lemon Lime Chartreuse 1239.8” a,b* 1564.1 a 1401.9 a
Munchkin Green 947.5 a—f 1507.8 a,b 1227.6 a-b
Nakaiana Medium green 1383.8 a 1045.3 b—d 1214.6 a—
Platinum Tiara Yellow-green with white margin 1174.0 a,b 1115.1 a—-d 1144.5 a—-d
Tardiflora Dark Green 1094.1 a—d 1189.3 a— 1141.7 a—d
Serendipity Blue 1153.6 a—c 754.1 c-g 953.8 b—¢
Pee Dee Goldflash Yellow 883.2 b—g 1006.4 b—d 944.8 b—f
Floradora Light green 970.0 a—f 812.8 c—f 930.3 b-f
Harmony Blue-green 851.2 b—g 895.1 c—¢ 873.1 c-g
Pearl Lake Green 1009.1 a—-f 610.7 d— 809.9 d—g
Vera Verde Medium green 603.8 f,g 698.2 c-h 651.0 e-h
Gold Drop Gold 962.1 a—f 259.3 g-j 610.7 e-h
Tokudama Blue-green 1058.9 a—¢ 1404 i,j 599.7 f~h
Tall Twister Dark green 6342 fg 415.1 e+ 524.6 g-h
Snow Mound Medium green 647.7 d—g 245.8 h—j 446.8 h
Honeybells Light green 4733 gh 359.0 4162 h
Zounds Gold 590.4 f,g 2329 hj 411.7h
Halcyon Blue-green 1069 h 0.0 5351

“Larger AUDPC values indicate more severe disease development.

YColor descriptions from Wade, 2002.

*Means followed by the same letter are not significantly different at P = 0.05 according to the least square difference (LsD) test.

with a carrot disk infested with S. rolfsiz
var. delphinii, however, resulted in con-
sistent disease development. Covering
the soil surface with plastic further
increased disease severity by reducing
moisture loss from the inoculum and
increasing relative humidity.

SCREENING OF CULTIVARS FOR DIS-
EASE RESISTANCE. A wide range of re-
sistance responses were observed
among cultivars (Table 1). ‘Lemon
Lime’, ‘Munchkin’, ‘Tardiflora’, ‘Plati-
num Tiara’; and ‘Nakaiana’ were the
most susceptible, whereas ‘Halcyon’
was clearly the most resistant cultivar.
‘Snow Mound’, ‘Honeybells’, and
‘Zounds’ exhibited moderate resistance
in both years of the trial. Resistance
ratings for given cultivars were gener-
ally similar between the two trials; an
exception was “Tokudama’ which ex-
hibited relatively severe disease devel-
opment in 2000 but was among the
least diseased cultivars in 2001. No
cultivar showed complete resistance in
both years.

Plant height showed a significant
(P < 0.05) positive correlation with
disease severity in 2000, but neither
height nor spread of foliage was corre-
lated with disease severity in 2001.

Discussion

This report is the first systematic
evaluation of hosta cultivars for resis-
tance to petiole rot caused by S. 7olfsiz
var. delphinii. The relatively wide range
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of resistance among the 18 cultivars
tested is encouraging evidence that
hosta germplasm contains sufficient
genetic variation to breed enhanced
resistance to S. rolfsii var. delphinii.
The consistently high level of resis-
tance by cultivars such as ‘Halcyon’
and ‘Zounds’ suggests that these could
be used in resistance breeding efforts,
and merit further study to characterize
the basis of resistance.

Although anecdotal reports have
linked blue leaf color in host cultivars
to petiole rot resistance, this was not
confirmed in our study. Blue leaf color
in hosta is caused by the diffusion of
light through thick cuticular wax
(Grenfell, 1996). Cuticle wax is a trait
of many plants that can act as a resis-
tance mechanism (Haung, 2001). The
most resistant cultivar, ‘Halcyon’, is a
blue-leaved cultivar, but the other blue
cultivars (‘Serendipity’, ‘Harmony’,
and “Tokudama’) included in the study
showed a wide range of disease devel-
opment. A greater number of cultivars
need to be tested in order to clarify the
effect, it any, of cuticular wax on resis-
tance.

Plant size has also been suggested
by observational evidence to be propor-
tional to crown rot resistance. Our study
provided no conclusive evidence of such
arelationship. More trials are needed to
determine if there is a relationship be-
tween hosta size and resistance.

In preliminary trials using sclero-

tia as inoculum, most had surface con-
tamination with Penicillinm that re-
duced germination. Surface steriliza-
tion with sodium hypochlorite isknown
to induce nutrient leakage from scle-
rotia (Linderman and Gilbert, 1973).
This leakage can increase contamina-
tion problems by providing a nutrient
source for other organisms such as
Penicillium. The contamination we ob-
served decreased germination, which
resulted in erratic infection of inocu-
lated plants. Using plugs of mycelium
as inoculum was also ineffective since
drying of the agar killed the pathogen.
Using an autoclaved carrot disk in-
fested by an agar plug containing the
pathogen provided reliable, uniform
inoculation of all plants. Covering the
soil surface with plastic increased rela-
tive humidity, which reduced drying
of the carrot/agar inoculum plug.

Further research should not only
expand the range of hosta cultivars
tested, but also reevaluate the tested
cultivars with outdoor field trials. At-
tempting to relate morphological traits
such as petiole thickness, cuticle wax
composition and thickness, or other
host physiological features could help
to define the nature of resistance to S.
rolfsic var. delphindi. Future studies
should also include S. rolfsii as well as
S. volfsiivar. delphinii; this knowledge
would benefitawider geographic range
of hosta growers, including those in
the southern U.S.
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Influence of
Fertilizer Placement
on Plant Quality,
Root Distribution,
and Weed Growth in
Container-grown
Tropical Ornamental
Plants

Timothy K. Broschat and
Kimberly K. Moore

ADDITIONAL INDEX WORDS. Hibiscus rosa-
sinensis, Jasminum multiflorum,
Plumbago anrviculata,
Pseudevanthemum laxiflorum, Dypsis
lutescens, Chamaedorea seifrizii,
Caryota mitis, Avchontophoenix
alexandrae, Wodyetia bifurcata,
Ptychosperma macarthurii, controlled-
release fertilizers

SummaRy. In two experiments, chinese
hibiscus ( Hibiscus rosa-sinensis),
bamboo palm (Chamaedorven seifrizii),
areca palm (Dypsis lutescens), fishtail
palm ( Caryota mitis), macarthur palm
(Ptychosperma macarvthurii), shooting
star ( Pseudevanthemum laxiflorum),
downy jasmine (Jasminum
multiflornm), plumbago (Plumbago
auviculatn), alexandra palm
(Avchontophoenix alexandrae), and
foxtail palm ( Wodyetia bifurcata) were
transplanted into 6.2-L (2-gal)
containers. They were fertilized with
Osmocote Plus 15N-3.9P-10K (12-
tol4-month formulation) (Expt. 1) or
Nutricote Total 18N-2.6P-6.7K (type
360) (Expt. 2) applied by either top
dressing, substrate incorporation, or
layering the fertilizer just below the
transplanted root ball. Shoot dry
weight, plant color, root dry weights in
the upper and lower halves of the root
ball, and weed shoot dry weight were
determined when each species reached
marketable size. Optimal fertilizer
placement method varied among the
species tested. With the exception of
areca palm, none of the species tested
grew best with incorporated fertilizer.
Root dry weights in the lower half of

University of Florida, Dept. of Environmental Horti-
culture, Fort Lauderdale Research and Education Cen-
ter, 3205 College Avenue, Fort Lauderdale, F1. 33314.

Florida Agricultural Experiment Station journal series
R-08954. The authors wish to thank Susan Thor and
Luci Fisher for their assistance in this study.

the root ball for chinese hibiscus,
bamboo palm, and downy jasmine
were greatest when the fertilizer was
layered and root dry weights in the
upper half of the root ball were
greatest for top-dressed chinese
hibiscus. Weed growth was lower in
pots receiving layered fertilizer for four
of the six palm species tested.

Ithough numerous papers
discuss the effects of con-
trolled-release fertilizers on the

growth and quality of container-grown
plants, relatively few studies have com-
pared the effectiveness of different ap-
plication methods. These have gener-
ally shown that different species grow
better with different application meth-
ods and that no single application
method was consistently superior
(Blessington et al., 1981; Cobb, 1985;
Conover and Poole, 1985; Yeager and
Ingram, 1987). Other studies have shown
that response to fertilizer placement is
affected byirrigation method (Coleman et
al., 1978; Hicklenton, 1990; Klock-Moore
and Broschat, 1999).

There have been no published com-
parisons of fertilizer placement eftects
on the growth and quality of container-
grown palms. Although some palms
produce rather fibrous root systems that
uniformly fill the container, other spe-
cies have relatively coarse, unbranched
root systems that tend to be concen-
trated near the bottom of the container
(T.K. Broschat, personal observation).
A preliminary study on fertilizer place-
ment effects suggested that palms may
grow better with fertilizer layered just
below the transplanted root ball, whereas
dicot shrubs such as chinese hibiscus
and ixora (Ixora spp.) may perform
better with top-dressed or incorporated
fertilizer (T.K. Broschat and H.
Donselman, unpublished data). They
also observed that fewer weeds grew in
pots with layered fertilizer than with
top-dressed orincorporated controlled-
release fertilizer. Thus the purpose of
this study was to determine how fertil-
izer placement affects shoot and root
growth, root distribution within the
container, and weed growth in con-
tainer-grown tropical ornamental plants.

Materials and methods

In the first experiment (Expt. 1),
liners [5.1 cm (2 inches) diameter x
5.1 ¢cm deep] of chinese hibiscus and
0.5-L (1-pt) pots of bamboo palm,
areca palm, fishtail palm, and macarthur
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