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Abstract. Leaflet surfaces of two blackspot (Diplocarpon rosae Wolf)-resistant roses
(Rosa roxburghii Tratt and R. wichuraiana Crep.) and two susceptible roses (R. hybrida
‘Electron’ and ‘Pascali’) were compared using scanning electron microscopy to deter-
mine whether physical features of the leaflet surface were associated with resistance to
the fungal invasion. The leaflet surface features of the resistant roses were dissimilar:
R. roxburghii leaflet surface had protruding cells and was densely covered with amor-
phous wax platelets, whereas R. wichuraiana surface was smooth with less distinct
epidermal cells and sparsely distributed wax granules. Leaflet surface patterns of both
susceptible roses, however, were similar. The spores of D. rosae failed to germinate
on R. roxburghii and R. wichuraiana. In contrast, the spores on ‘Electron’ and ‘Pascal?
germinated, with the germ tube penetrating the cuticle. There were no apparent mor-
phological barriers on leaflet surfaces of R. roxburghii and R. wichuraiana to explain
the observed resistance to fungal development.
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Roses are among the most cherished of
flowers in gardens and landscapes. In these
outdoor roses, blackspot, caused by the fun-
gus Diplocarpon rosae (Hasek, 1980), is a
ubiquitous and devastating disease. The dis-
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ease can be recognized by irregularly shaped
black spots, often surrounded by yellowing,
on the upper surface of leaflets. With severe
infection, the spots coalesce and the leaflet
abscises prematurely.

Roses vary in susceptibility to blackspot.
The widely cultivated hybrid tea and flori-
bunda roses are susceptible, whereas other
species of roses are more resistant (Castle-
dine et al., 1981; Jenkins, 1955; Palmer et
al., 1966). Although some species of roses
may have resistance, they lack desired aes-
thetic traits.

Control of blackspot requires intensive
chemical treatment. For example, at the
American Rose Center gardens at Shreve-
port, La., fungicides are sprayed every week
from February until November or December
(Dobbs, 1984), i.e., as many as 40 sprays
1992
per year. Such use of fungicides is costly and
potentially hazardous to people and the en-
vironment.

Most papers on blackspot have been con-
cerned with the development of suitable
methods for its control (Hagan et al., 1988).
A few efforts to understand the physiology
of disease resistance have also been made.
These studies linked disease resistance to
morphological characteristics of leaflets. For
example, Dodge (1931) found that when the
surface of ‘Red Radiance’ rose leaflet was
rubbed or wounded with a needle, blackspot
developed on this relatively resistant rose.
Castledine et al. (1981) also noted blackspot
infection in ‘Pink Favorite’ leaflets abraded
with Carborundum powder but not in una-
braded controls. These results show that un-
damaged, intact surfaces of leaflets present
a barrier to blackspot infection in some roses.
The researchers, however, did not examine
the structure of leaflets to ascertain the mor-
phological barriers inhibiting fungal devel-
opment. Structure of a leaf can have an
influence on fungal growth and thus on re-
sistance to diseases (Juniper and Jeffree, 1983;
Martin and Juniper, 1970; Royle, 1976).

The purpose of our study was to examine
the fine structure of leaflet surfaces in some
roses and determine whether any common
features were associated with resistance or
susceptibility to blackspot. Reactions of these
rose leaflet surfaces to invasion by D. rosae
were also examined to determine the stage
of the fungus at which pathogenesis was ar-
rested in resistant roses. Scanning electron
microscopy (SEM) was used to obtain the
fine structure.

Plant material. Spring growth of Rosa
roxburghii (also known as Chestnut rose) and
R. wichuraiana and R. hybrida ‘Electron’
and ‘Pascali’, growing in the Rose Disease
Research Garden, Mississippi State Univ.
Farm, Starkville, were used as the source of
leaflets. The two species of roses were ob-
served to be naturally resistant, and the hy-
brid tea roses were susceptible to blackspot.
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Figs. 1-4. Scanning electron micrographs of the abaxial surfaces of rose leaflets showing stomata.
(1) Rosa roxburghii, (2) Rosa wichuraiana, (3) ‘Electron’, (4) ‘Pascali’. Scale bar = 50 µm.

Figs. 5-8.  Micrographs of the adaxial surfaces of rose leaflets. (5) Rosa roxburghii, (6) Rosa wichu-
raiana, (7) ‘Electron’, (8) ‘Pascali’. Scale bar = 50 µm.

Fig. 9.  Micrograph showing collapse of Diplo-
carpon rosae conidia on the resistant Rosa rox-
burghii leaflet surface 2 days postinoculation.
Scale bar = 20 µm.
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This response was substantiated in the lab-
oratory by artificial inoculation with the fun-
134
gus using a detached leaflet technique.
Inoculation of leaflets. For inoculation of

samples, a detached leaflet technique (Pal-
mer et al., 1966) was used. In this method,
healthy leaflets were collected and placed on
moistened cotton mats in petri plates. A poly-
sporous, conidial inoculum was prepared. For
this inoculum, blackspot-infected leaflets with
acervuli were collected from various roses in
the garden. The acervuli were washed with
sterile distilled water to obtain conidia. The
resulting suspension was adjusted with a he-
macytometer to 500,000 conidia/ml. This in-
oculum was applied to the upper surface of
leaflets with an atomizer. Inoculated leaflets
in the plates were placed on laboratory
benches under fluorescent light.

In preliminary trials, blackspot symptoms
were visible 10 to 14 days after inoculation
H

in susceptible roses. There was perfect cor-
relation -between the detached leaflets and
whole plants in disease resistance or suscep-
tibility, indicating that this method was ef-
fective in comparing the response of roses to
D. rosae. Leaflet samples were taken at 2,
5, 10, and 14 days after inoculation and ex-
amined by SEM.

SEM. For SEM of uninoculated samples,
leaflets were fixed in 2.5% glutaraldehyde
in 0.05 M potassium phosphate buffer, pH
7.1, for at least 8 h, changing the fixative at
least once. Pieces, 5 × 5 mm in area, were
cut from leaflets and rinsed in 0.05 M phos-
phate buffer for 3 to 4 h. These pieces were
postfixed in 2% OsO4 in 0.05 M phosphate
buffer, pH 7.1, until tissue darkened (4 to 5
h). They were then rinsed in 0.05 M phos-
phate buffer. The samples were dehydrated
in a 35%, 50%, 70%, 95%, and 100% EtOH
series for 25 min in each concentration and
critical-point-dried (CPD) with CO2 in a Po-
laron E-3000 (Polaron, Watford, England).
Dried samples were mounted on Al stubs
with silver paste and sputter-coated with gold-
palladium in a Polaron E5100. They were
viewed with a JEOL-35CF (JEOL USA,
Peabody, Mass.) microscope at 15kV. Ctyo
SEM was used to examine the rose × D.
rosae interaction on inoculated leaflets so that
fungal spores would not be dislodged and
lost during the CPD preparation (which was
used for the noninoculated samples). For cryo
SEM, pieces were cut from the leaflet and
mounted on a sample holder using a carbon
medium.

The mounted sample was cooled by
plunging it into liquid N2 slush and then
transferred under vacuum to a preparation
chamber. where it was sputter-coated with
gold. The coated specimen was moved under
vacuum to a cold stage in the specimen
chamber of a JSM 840 microscope (JEOL
USA) and examined at 15 kV and – 150 and
- 180C. Many specimens were examined and
only representative micrographs are shown.

Abaxial surfaces. To establish infection,
the fungus must gain entry into the leaflet
either via natural openings, such as stomata,
or through per&ration of the intact surface.
Stomata in all the roses examined were con-
fined to the abaxial surface of leaflets (Figs.
1-4 vs. 5-8). Blackspot infection in nature
always occurs on the adaxial surface. Thus,
observations indicate that D. rosae does not
enter via stomata. Consequently, intact
structural features on the adaxial surface be-
came important in considering blackspot in-
fection.

Adaxial surjaces. When the fungus enters
through the intact surface of a leaflet, phys-
ical features of wax deposits and cuticular-
ized epidermis can influence invasion (Martin
and Juniper, 1970; Royle, 1976). There was
variation in these features on adaxial leaflet
surfaces of the roses (Figs. 5-8). However,
the features of resistant roses were dissimi-
lar.

The leaflet surface of R roxburghii sur-
face was unusual in that it had a highly con-
vex surface. The epidermis was characterized
by the occurrence of enlarged and protruding
ORTSCIENCE, VOL. 27(2), FEBRUARY 1992



Figs. 10-14. Micrographs of Diplocarpon rosae development on the leaflet surfaces of susceptible
‘Electron’ rose at various times after inoculation. (10) Germination of conidium 2 days after inocu-
lation. (11) Penetration of leaflet surface from the germ tube 2 days after inoculation. (12) Subcu-
titular hyphal strands 5 days after inoculation. (13) An unopened acervulus 10 days after inoculation
(14) An opened acervulus containing conidia 14 days after inoculation. Scale bar = 5 µm (10, 11);
100 µm (12, 13), 40 µm (14).
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cells (Fig. 5). This pattern was similar to the
idioblast type of epidermis in the family Me-
sembryanthemaceae (Ihlenfeldt and Hart-
mann, 1982). The leaflet surface was covered
by amorphous wax platelets.

In R. wichuraiana, the epidermis was
smoother, without well-defined epidermal
cells (Fig. 6). The anticlinal walls were in-
distinct. The outer walls of epidermal cells
were only slightly domed. The wax was
granular and sparsely distributed.

‘Electron’ (Fig. 7) and ‘Pascali’ (Fig. 8)
leaflet surfaces were similar. The epidermal
cells were distinct and had undulate anti-
clinal walls. The surface was covered by fine,
tiny threads that fused to form a homoge-
neous net-like structure, which was dense on
‘Electron’ and sparse on ‘Pascali’.

Thus, there were no common structural
features on the leaflet surfaces that could be
related to blackspot resistance. Therefore
interactions between the leaflet surfaces ad
the fungus were studied to find out how the
resistant roses resist the pathogen’s devel-
opment.

Leaflet surface-pathogen interactions.
Several stages of fungal growth, i.e., spore
germination, germ tube growth, preparation
for penetration, and penetration followed by
hyphal growth, are needed for successful in-
fection. Any of these stages could conceiv-
ably be halted by the host (Wyn and Staples,
HO R TSC I E N C E, VO L. 27(2), FEBRUARY
1981). After the rose leaflets were exposed
to D. rosae inoculum, there was evidence of
differential effects of roses on spore germi-
nation.

Two days postinoculation and thereafter,
fungal spores were observed lying on leaflet
surfaces of R. roxburghii (Fig. 9) and R.
wichuraiana. The spores were collapsed or
depressed and apparently were dead.

Conversely, on ‘Electron’ and ‘Pascali’,
the spores germinated and developed further
and similarly. Only micrographs of ‘Elec-
tron’ are shown.

On ‘Electron’ and ‘Pascali’, spore ger-
mination occurred within 2 days after inoc-
ulation, with germ tube emerging from either
or both cells of the conidium (Fig. 10). By
2 days, the germ tube had penetrated the leaf-
let surface (Fig. 11).

After penetration, the tube grew between
the cuticle and epidermis. By 5 days after
inoculation, hyphal strands had formed di-
rectly beneath the cuticle (Fig. 12). By 10
days, acervuli had developed at some junc-
tures along these hyphal strands (Fig. 13).
The acervuli enlarged beneath the cuticle and
stretched the cuticle upward. By 14 days after
inoculation, the cuticle covering the acer-
vulus had ruptured and exposed an encased
mass of conidia (Fig. 14).

It is apparent that fungal development on
resistant roses ceased at the spore germina-
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tion stage. The same type of reaction oc-
curred in both resistant roses, suggesting a
similarity between these roses in the way they
reacted to fungal invasion. However, the ob-
servations revealed no structural barriers on
resistant roses that could be associated with
cessation of spore germination.

Since susceptible ‘Electron’ and ‘Pascali’
leaflet surfaces showed some similarity, one
might assume that these roses provide stim-
uli for spore germination. However, since D.
rosae spores germinate in the absence of a
host, in water, or on agar (Dodge, 1931;
Saunders, 1967), host stimuli obviously are
not required for D. rosae spore germination.
Thus, presence of spore germination inhib-
itors on resistant roses becomes a possibility,
just as on some other plants (Kolattukudy
and Koller, 1983; Martin and Juniper, 1970).
However, the resistance to blackspot in some
rose genotypes may also be related to phys-
ical barriers, as has been suggested for leaf-
lets of some roses (Castledine et al., 1981;
Dodge, 1931).
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