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ABSTRACT

Mims, C. W., Liljebjelke, K. A., and Richardson, E. A. 1995. Surface
morphology, wall structure, and initial adhesion of conidia of the powdery
mildew fungus Uncinuliella australiana. Phytopathology 85:352-358.

A combination of light microscopy, low-voltage scanning electron
microscopy, and transmission electron microscopy was used in this study
of conidia of the powdery mildew fungus Uncinuliella australiana, a patho-
gen of crape-myrtle (Lagerstroemia indica). These conidia were ellipsoid-
cylindrical in shape and virtually transparent when viewed with bright
field light microscopy. Each conidium possessed a thin wall that stained
moderately for polysaccharides. Results from wheat germ agglutinin-gold

labeling procedures indicated that chitin was present in the wall. Conidia
possessed minute longitudinal surface ridges that extended along most
of the length of each conidium. These ridges were formed by thickened,
slightly raised portions of the wall. The surface of each conidium was
coated with a thin networklike layer of extracellular mucilage. When
strips of moist dialysis membrane were touched to conidia, this material
spread instantly from conidial surfaces onto the membrane forming
deposits referred to here as adhesion pads. Formation of an adhesion
pad between the underside of a conidium and the membrane surface
appeared to be the initial step in the process of conidial adhesion.

Powdery mildew is a common and troublesome disease of crape-
myrtle (Lagerstroemia indica 1.), a popular ornamental widely
grown in the southern United States. This disease has been
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attributed principally to either Erysiphe lagerstroemiae E. West
or Uncinuliella australiana (McAlpine) Zheng & Chen (1,10,23).
However, in a recent monograph of powdery mildew fungi, Braun
(4) rejected E. lagerstroemiae as a species and suggested that U.
australiana is the cause of powdery mildew disease of crape-myrtle.



All of the samples we collected during the course of this study
of infected crape-myrtle plants consisted only of asexual (conidial)
stages, and all conformed to the description of the asexual stage
of U. australiana provided by Braun (4). For this reason, we
refer to the pathogen examined here as U. australiana even though
we never collected its sexual (ascocarp) stage. Ascocarps are, of
course, required for unequivocal identification of most species
of powdery mildew fungi.

The initial objective of this study was to characterize the surface
morphology and wall structure of conidia of U. australiana using
a combination of light and electron microscopic techniques. How-
ever, the project was expanded to examine the initial aspects
of the adhesion of conidia to strips of dialysis membrane. The
work reported here is timely in view of the current high level
of interest in the very early stages of plant infections by fungi.
As noted by numerous authors (3,6,8,19,29,33), it is apparent
that spores of many plant pathogenic fungi are active participants
not only in the process of adhesion to host surfaces, but also
in the preparation of the infection court. To better understand
the initial interactions between fungal spores and host surfaces,
it is necessary to know more about spore surface morphology
as well as the nature of the spore wall. In the case of powdery
mildew fungi, surprisingly little is known about these details even
though some of these organisms are among the most extensively
studied of all fungal plant pathogens.

MATERIALS AND METHODS

The conidia of U. australiana used in this study were collected
from May to August in 1993 and 1994, principally from infected
crape-myrtle plants growing on the campus of the University of
Georgia in Athens. Light microscopic observations were made
using a Nikon microscope equipped with differential interference
contrast (DIC) optics and epifluorescence attachments. Living,
unstained conidia from freshly collected leaves were examined
in water mounts using DIC microscopy. Conidia also were exam-
ined using epifluorescence microscopy (excitation 380 nm, mirror
400 nm, barrier 400 nm) following staining with calcofluor (5).
In this case, pieces of infected leaves were submerged in 0.3%
calcofluor for 1 min and transferred to a distilled water wash
for 5 min. Conidia were scraped off the leaf into a drop of water
on a microscope slide and examined.

Surface features of conidia were examined using low-voltage
scanning electron microscopy (SEM). Small pieces of fresh,
unfixed infected leaves were attached to specimen stubs using
double-stick carbon tape and placed directly into a JEOL 5400

LV microscope, where they were examined without coating at
1.5 kV.

Conidia were prepared for study with transmission electron
microscopy (TEM) using freeze substitution fixation. Thin (1-2 mm)
strips were cut from portions of infected leaves bearing colonies
of the pathogen and frozen by plunging into liquid propane. These
samples were processed to the point of embedment according
to the procedures of Hoch (11). After infiltration with 100% Epon
resin, the sharpened end of a wood applicator stick was used
to gently dislodge conidia from leaf strips into drops of fresh
100% resin resting on a rectangular (25 X 40 mm) piece of plastic
cut from either the lid or bottom of a Lux Permanox disposable
culture dish. The leaf tissue was discarded, a similar piece of
plastic was lowered onto the droplets, and the Epon was poly-
merized for 48 h at 60 C. Epon did not react with the plastic
of the Lux Permanox dishes, and the use of a release agent was
not required. A razor blade was used to separate the two pieces
of plastic, and the one to which the thin layer of polymerized
resin containing the samples remained attached was affixed to
a glass microscope slide with strips of tape. Light microscopy
was used to select what appeared to be well-preserved conidia
for thin sectioning (26). In all, a total of more than 40 well-
preserved conidia were examined using TEM.,

To examine the interaction of conidia with a solid surface,
small pieces of moist, sterile dialysis membrane (Fisher Scientific,
Cat. No. 8-667E) held with forceps were touched gently to fungal
colonies on infected leaves and immediately plunged into liquid
propane. Membranes and adhering conidia then were processed
for TEM and flat-embedded between rectangular pieces of plastic
as described above.

Ultrathin sections of conidia and conidia adhering to pieces
of dialysis membrane were sectioned with a diamond knife, col-
lected on gold slot grids, and allowed to dry down onto formvar-
coated aluminum bridges using the procedure of Rowley and
Moran (32). Sections for routine observation were poststained
with uranyl acetate and lead citrate and examined with a Zeiss
EM 902A microscope operating at 80 kV. Other sections were
treated with a periodic acid, thiocarbohydrazide, silver proteinate
poststain designed to localize polysaccharides or with either a
two-step incubation procedure using wheat germ agglutinin
(WGA) and ovomucoid gold complexes (2,7) or concanavalin
A (ConA) gold complexes (7). For polysaccharide staining, a
modified version of the Thiéry (34) procedure described by Lingle
(16) was used prior to poststaining with uranyl acetate and lead
citrate, As a control for the polysaccharide stain, thiocarbohydra-
zide was deleted. The control for the WGA labeling procedure

Fig. 1. Light micrographs of conidia of Uncinuliella australiana. A, Differential interference contrast (DIC) micrograph showing the typical appearance
of conidia in a water mount. Nuclei (arrowheads) and vacuoles (arrows) are identified in some conidia. B, DIC micrograph of conidia trapped
in an air bubble in a water mount. Longitudinal surface striations are barely visible on the conidia shown at the arrowheads. C and D, Epifluorescence
micrographs of conidia stained with calcofluor. All micrographs are the same magpnification. Bar in D = 10 pm,
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involved a two-step incubation with WGA previously absorbed
with N, N’, N”, triacetylchitotriose followed by incubation with
the ovomucoid-gold complex. Control samples for ConA labeling
were incubated with 2 ug of glycogen mixed with the ConA gold
complexes.

RESULTS

Light microscopy. Conidia of U. australiana examined in this
study were ellipsoid-cylindrical in shape and measured 28-38 X
13-18 um. Conidia were virtually transparent with transmitted
light, but by using DIC microscopy it was possible to resolve
various structures within individual conidia. The most prominent
structures were vacuoles and the nucleus (Fig. 1A). The nucleus
characteristically was located very near the longitudinal midpoint
of the conidium and was spherical in shape with a prominent,
eccentrically positioned nucleolus. Large vacuoles generally were
prominent near the ends of each conidium, although not always
visible in the same focal plane. Small vacuoles were numerous,
and some of these could easily be mistaken for the nucleus.

By focusing on the conidial surface, it was possible to detect
minute longitudinal surface striations. These were most prominent
on conidia trapped in air bubbles in water mounts. Although
these striations are difficult to photograph with light microscopy,
some evidence them of can be detected on some of the conidia
visible in Figure 1B.

Conidia fluoresced under ultraviolet light after exposure to
calcofluor (Fig. 1C and D), indicating the presence of B-glucans.
Some conidia fluoresced brightly over their entire surfaces (Fig.
1C), while others were brighter at their ends (Fig. D). No evidence
of the surface striations noted with DIC microscopy was apparent
with epifluorescence microscopy. However, as described below,
the existence of these structures was confirmed with both SEM
and TEM.

SEM. Low-voltage SEM of freshly collected, unfixed conidia
gave excellent results (Fig. 2A-D). It was, however, important
to examine and photograph samples quickly, as surface features
become altered soon after exposure to the electron beam and
the vacuum conditions within the column of the microscope. SEM
revealed that conidia of U. australiana developed at the tips of

Fig. 2. Low-voltage scanning electron micrographs of conidia of Uncinuliella australiana. A, Typical appearance of conidia. A portion of one conidiophore
(arrow) bearing two conidia is visible. Note the slightly raised longitudinal surface ridges on the conidia and the material (arrowheads) between
the two conidia whose sides are touching. B, Higher magnification of a portion of Figure 2A. Note the material (arrowhead) connecting the sides
of the two conidia. The rounded end of one conidium is visible at the asterisk. C, Illustration of the extracellular mucilage (arrowheads) present
on the surface of a conidium. D, Higher magnification view of extracellular mucilage near the ends of two conidia. The rounded ends of the

conidia are visible at the asterisks. Bars in A~C =4 um; bar in D = 2 um.
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upright conidiophores (Fig. 2A). Once a conidium was delimited
from its conidiophore, it was displaced by a younger conidium.
Conidia were never observed in long chains, even when living
samples on leaves were viewed with a dissecting microscope.
Typically, no more than two conidia were observed on any single
conidiophore (Fig. 2A), and one of these was always the develop-
ing conidium still attached to the conidiophore tip.

Both mature and developing conidia possessed the longitudinal
surface striations mentioned earlier. The structures (Fig. 2A-D)
appeared as ridges that extended along most of the length of
each conidium. These ridges were not, however, present on the
slightly rounded ends of conidia (Fig. 2B and D). At higher
magnifications (Fig. 2C and D), it also was possible to resolve
a thin networklike film of extracellular mucilage on the surface
of each conidium. This material was most prominent at the ends
of conidia near the points at which the ridges terminated (Fig. 2D).
In some cases, it also could be seen between the sides of conidia
that were touching one another (Fig. 2A and B).

TEM. The quality of preservation obtained with freeze substi-
tuted conidia varied greatly. Badly damaged and/or poorly pre-
served conidia usually could be identified and avoided by exam-
ining flat embedded samples with light microscopy. However,
some conidia that looked very good at the light microscopic level
sometimes showed either variations in the appearance of cellular
components or some type of mechanical damage when sectioned
and examined with TEM. The most variation we observed related
to the appearance of glycogen particles and vacuoles (Fig. 3A-C).
In the most well-preserved conidia, glycogen particles appeared
as electron-dense deposits (Fig. 3A and B), while vacuoles (Fig. 3B)
were rounded with smooth and intact tonoplasts. In slightly less
well preserved conidia (Fig. 3C), glycogen particles were electron
transparent and vacuoles sometimes showed evidence of mechan-
ical damage. However, in almost all of the adequately preserved
conidia sectioned and examined in this study, the conidial wall
was well-preserved.

When viewed in cross section (Fig. 3A), the conidial wall had
a distinctive serrate appearance because of alternating thin and
thick regions, the latter of which tapered to raised points. These
thickened areas created the longitudinal surface striations or ridges
visible on the surfaces of conidia. The outer portion of the conidial
wall and the bulk of each ridge were slightly more electron dense
than the inner portion of the wall (Fig. 3A). Differences in the
electron densities of the inner and outer portions of the wall
also were apparent in longitudinal sections of the wall (Fig. 3D
and E). In Figure 3E, the point at which the plane of section
left a thin portion of the wall and entered a ridge is quite apparent.

The conidial wall could be labeled with WGA / ovomucoid gold
complexes (Fig. 3F) but not with ConA gold complexes. A control
sample for the WGA gold labeling procedure is shown in Figure
3G. The wall also stained moderately for polysaccharides using
the modified Thiéry procedure (Fig. 4A). This procedure also
stained glycogen within conidia (Fig. 4A). Figure 4B is a control
sample for the polysaccharide staining procedure. Although not
illustrated here, ConA gold complexes showed a high affinity
for the glycogen deposits.

Material thought to correspond to the extracellular mucilage
observed on conidia with SEM also was seen with TEM. In most
instances, this material appeared as a thin, irregular, electron-
dense layer not in direct contact with the conidial wall (Fig. 3C
and D). Although it was never observed to be continuous around
the entire surface of any conidium, at least some evidence of
this material was found on each conidium examined in this study.
In a few instances, we observed extracellular material in direct
contact with the conidial wall (Fig. 4C and D). Such material
always was observed near the ends of conidia in areas where
mucilage was most prominent on conidia examined with SEM
(see Fig. 2D).

Light microscopic examination of flat embedded pieces of
dialysis membrane that were touched to fungal colonies immedi-
ately prior to plunge freezing revealed the presence of numerous
conidia. By examining sections cut at right angles to the surfaces
of these membranes, it was possible to examine the interfaces

between conidia and their underlying membranes. Figure 4E is
typical of what we saw in these sections. Coating the membrane
surface immediately below each conidium was a deposit of
material referred to here as an adhesion pad (Fig. 4E and F).
As evident in Figure 4F, the adhesion pad was composed of finely
fibrillar material in which various other types of inclusions were
present. The material comprising the pad spread out onto the
dialysis membrane a short distance from the conidium and was
clearly continuous with the thin layer of extracellular material
associated with the conidium (Fig. 4F). This thin layer appeared
to correspond to the layer present on conidia prepared for study
by plunge freezing leaf strips. While we never found a conidium
that was in direct contact with its adhesion pad, profiles of
sectioned pads always conformed exactly to the curved surface
of the nearby conidium (Fig. 4E). At higher magnification, it
was apparent that the ridges present on a conidium matched
perfectly with depressions present in the surface of the adhesion
pad (Fig. 4G). This, of course, indicates that conidia were in
direct contact with adhesion pads at the time of freezing and
subsequently separated from them.

Polysaccharide staining had little if any effect on the material
comprising the adhesion pad. In addition, this material did not
label with either WGA or ConA.

DISCUSSION

Results from WGA/ovomucoid gold labeling indicated that
chitin was present in the conidial wall of U. australiana. This
is in agreement with the observations of Rohringer et al (31)
for conidia of the powdery mildew fungus Erysiphe graminis f.
sp. hordei. The results from the polysaccharide staining procedure
were not particularly informative for U. australiana, as the bulk
of the wall stained uniformly for polysaccharides. This is in
contrast to the results obtained with conidia of Colletotrichum
graminicola, where this same procedure greatly enhanced the
appearance of a finely fibrillar layer that coated the surface of
the conidial wall (24).

Whether longitudinal surface ridges similar to those noted in
this study are present on conidia of other species of powdery
mildew fungi is unknown. Braun (4) has stated that, within this
group of fungi, conidial surfaces vary from smooth, faintly rough,
or verrucose to strongly verrucose, but to date few workers have
examined these conidia using modern scanning electron micro-
scopic techniques. Kunoh et al (14) and Nicholson et al (30) did,
however, use cryotechniques to study conidia of E. g. hordei.
These workers reported that these conidia exhibited a distinct
pattern of reticulation interspersed with spinelike projections, but
made no mention of any type of extracellular mucilage on the
conidial surface prior to contact with either the host surface or
a cellophane membrane. However, within 10 min after contact,
this network became less and less distinct and eventually dis-
appeared, apparently as a result of the deposition of a filmlike
layer of material on the conidial surface. By about 30 min after
contact, material was released from conidia and could be detected
on the membrane beneath them. In our opinion, these deposits
appear to correspond to the adhesion pads noted in U. australiana.

In an early TEM study, McKeen et al (18) described a 1-pum-
thick gelatinous layer surrounding individual conidia of Erysiphe
cichoracearum. However, this layer was not convincingly illus-
trated. In a subsequent study, Martin and Gay (17) detected the
presence of a much thinner “osmiophilic cuticle” on conidia,
conidiophores, and hyphae of Erysiphe pisi. This cuticle appeared
as two dark lines closely appressed to the surfaces of conidia,
conidiophores, and hyphae. To us, neither this cuticle nor the
gelatinous layer reported by McKeen et al (18) corresponds to
the extracellular mucilage on the conidia of U. australiana.

The results obtained from low-voltage SEM of conidia of U,
australiana rival the best published results from frozen hydrated
fungal specimens that we are aware of. In particular, the ability
to visualize the extracellular mucilage coating conidia was remark-
able. The meniscuslike profile of the mucilage visible in Figure 2B
suggests that this material was in a liquid state. This idea is
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supported by our observations that the extracellular mucilage than 5-10 s. We suggest that the contact of this material with

flowed instantly from conidia onto strips of dialysis membrane. the dialysis membrane was the initial step in the adhesion process
The time interval between touching the membranes to conidia in U. australiana.
and plunging the membranes into liquid propane was no more The material comprising the adhesive pad was shown to be

Fig. 3. Transmission electron micrographs of Uncinuliella australiana conidia. A, Portion of a cross section of a conidium showing the serrate
appearance of the wall (W). The raised, slightly pointed areas (arrowheads) correspond to the surface striations visible with light and the scanning
electron microscope. In this conidium, glycogen particles (G) appear as electron-dense structures. B, Examples of a vacuole (V) in an extremely
well-preserved conidium. The tonoplast is visible at the arrowhead. Glycogen (G) is visible both in the vacuole and in the surrounding cytoplasm.
C, A longitudinal section of a conidium in which the glycogen appears as electron transparent areas in the cytoplasm and vacuoles (V). Two vacuoles
are ruptured (arrowheads). The electron transparent regions (asterisks) in the damaged vacuoles are holes in the section. The nucleus (N) with
its eccentrically positioned nucleolus (Nu) is visible near the middle of the conidium. Also visible are the wall (W) and a thin layer of extracellular
material (arrows) covering part of the conidium. D and E, Higher magnification views of longitudinal sections of the conidial wall (W). The point
at which the section shown in E began to enter a ridge is shown at the arrowhead. Extracellular material is shown at the arrows. F, Conidial
wall (W) labeled with WGA/ovomucoid gold complexes. Extracellular material is shown at the arrow. G, A control sample for the gold labeling
of the wall (W). Bar in C = 3.0 pm; all others = 0.5 um.

356 PHYTOPATHOLOGY



Fig. 4. Transmission electron micrographs of Uncinuliella australiana conidia. A, A portion of a cross section of a conidium stained using the
modified Thiéry procedure. Visible are the wall (W) and glycogen particles (G). Some separation of the plasma membrane from the wall is visible
at the arrows. B, Control sample for the modified Thiéry staining. The wall is shown at W and glycogen particles at G. C and D, Portions of
longitudinal sections near the rounded ends of two conidia. Note the extracellular material (arrows) that is in direct contact with the wall (W)
of each conidium, E, Cross section of a conidium on a piece of dialysis membrane (DM). Note the extracellular material or adhesion pad (arrowheads)
that has been deposited on the dialysis membrane. F, Higher magnification view of the lower left part of E showing the fibrillar nature of the
material comprising the adhesion pad (arrowhead) in contact with the dialysis membrane (DM). Note that this material appears to be continuous
with the thin layer of extracellular material (arrows) that extends up along the side of the conidium. Various inclusions (asterisks) are visible in
the material comprising the adhesion pad. G, Higher magnification view of the extracellular material of an adhesion pad associated with a conidium
on a piece of dialysis membrane. The arrows indicate areas where the ridges on the conidial surface made imprints in the extracellular material.
Bar in E = 2.0um; all others = 0.5 um.
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continuous with the thin layer of extracellular material associated
with each conidium. The fact that this thin layer was separated
from the conidial surface in samples examined using TEM was
probably a fixation artifact resulting from either the freezing
process or the subsequent manipulation of specimens during infil-
tration and embedment. However, considering the apparent liquid
nature of this material, it is remarkable that any of it remained
on conidia prepared for study with TEM.

Adhesion of ungerminated conidia has been reported in a variety
of plant pathogenic fungi, including Nectria haematococca (6,13,
15), Cochliobolus heterostrophus (3), Magnaporthe grisea (9),
and various species of Colletotrichum (20-22,24,33). However,
unlike the situation in U. australiana, the adhesive materials in
the species noted above do not appear to be present on conidia
when they initially contact host or artificial substrates. For
example, mature macroconidia of N. haematococca initially are
nonadherent (6) but become adhesion competent after a 5-min
exposure to zucchini fruit extract, apparently as a result of the
release of mucilage from the tips of the conidia (15). Conidia
of C. heterostrophus begin to adhere about 20 min after hydration
and inoculation (3). This ability to adhere also is correlated with
the appearance of an extracellular matrix at the tip of the
conidium. Conidia of M. grisea adhere by means of a spore tip
mucilage that is released from the conidium by a breaking of
the wall within 20 min of the onset of hydration (9). In the case
of conidia of Colletotrichum graminicola, maximum adhesion
on host leaves and hydrophobic surfaces occurs within 30 min
of the time of contact (20,22).

While successful results from plunge freezing have been reported
for a few types of larger fungal samples (25,28), the usefulness
of this procedure generally is limited to samples no more than
a few micrometers in diameter (11). We were, therefore, pleasantly
surprised with the overall quality of preservation obtained for
the rather large conidia of U. australiana. Additionally, very little
ice crystal damage was observed in any of our samples, even
though conidia of powdery mildew fungi were reported to have
a very high water content compared to airborne spores of other
fungi (12,35). In this regard, it is possible that the large amount
of glycogen present in each conidium may have served as a natural
cryoprotectant during freezing. Overall, the quality of fixation
we obtained compared favorably to that seen in a variety of differ-
ent types of fungal spores prepared for study using similar proto-
cols (24,25,27,28).

LITERATURE CITED

1. Alfieri, S. A., Jr., Langdon, K. R., Wehlburg, C., and Kimbrough,
J. W. 1984. Index of Plant Diseases in Florida. Fla. Dep. Agric.
Consumer Serv., Div. Plant Ind. Bull. II (revised).

2. Benhamou, N. 1988. Ultrastructural localization of carbohydrates in
the cell walls of two pathogenic fungi: A comparative study. Mycologia
80:324-337.

3. Braun, E. J., and Howard, R. H. 1994. Adhesion of Cochliobolus
heterostrophus conidia and germlings to leaves and artificial surfaces.
Exp. Mycol. 18:211-220.

4, Braun, U. 1987. A monograph of the Erysiphales (powdery mildews).
Nova Hedwig. 89:1-700.

5. Butt, T. M., Hoch, H. C., Staples, R. C., and St. Leger, R. J. 1989,
Review: Use of fluorochromes in the study of fungal cytology and
differentiation. Exp. Mycol. 13:303-320.

6. Caesar-TonThat, T. C., and Epstein, L. 1991. Adhesion-reduced
mutants and the wild-type Nectria haematococca: An ultrastructural
comparison of the macroconidial walls. Exp. Mycol. 15:193-205.

7. Clay, R. P., Benhamou, N., and Fuller, M. S. 1991. Ultrastructural
detection of polysaccharides in the cell wall of two members of the
Hypochytriales. Mycol. Res. 95:1057-1064.

8. Deising, H., Nicholson, R. L., Haug, M., Howard, R. J., and
Mendgen, K. 1992. Adhesion pad formation and the involvement
of cutinase and esterases in the attachment of urediniospores to the
host cuticle. Plant Cell 4:1101-1111.

9. Hamer, J. E., Howard, R. J., Chumley, F. G., and Valent, B. 1988.
A mechanism for surface attachment in spores of a plant pathogenic
fungus. Science 239:288-290,

358 PHYTOPATHOLOGY

20.

21.

22

23.

24,

25.

26.

27.

28.

29,

30.

3l

32

33,

34,

35.

. Hanlin, R. T. 1963. A revision of the ascomycetes of Georgia. Ga.

Agric. Exp. Stn. Mimeo. Serv. 175:1-65.

. Hoch, H. C. 1986. Freeze-substitution of fungi. Pages 183-212 in:

Ultrastructure Techniques for Microorganisms. H. C. Aldrich and
W. J. Todd, eds. Plenum Press, New York.

. Jhooty, J. S., and McKeen, W. E. 1965. Water relations of asexual

spores of Sphaerotheca magularis (Wallr. ex Fr.) Cooke and Erysiphe
polygoni DC. Can. J. Microbiol. 11:531-545.

. Jones, M. J., and Epstein, L. 1989. Adhesion of Nectria haematococca

macroconidia. Physiol. Mol. Plant Pathol. 35:453-461.

. Kunoh, H., Yamaoka, N., Yoshioka, H., and Nicholson, R. L. 1988.

1. Contact-mediated changes in morphology of the conidium surface.
Exp. Mycol. 12:325-335.

. Kwon, Y. H., and Epstein, L. 1993. A 90-kDa glycoprotein associated

with adhesion of Nectria haematococca macroconidia to substrata,
Mol. Plant-Microbe Interact. 6:481-487.

. Lingle, W. L. 1989. Enhanced staining of the basidiomycete Panellus

stypticus prepared for transmission electron microscopy by freeze
substitution. Cryptogam. Bot. 1:236-242.

. Martin, M., and Gay, J. L. 1983. Ultrastructure of conidium develop-

ment in Erysiphe pisi. Can. J. Bot. 61:2472-2495.

. McKeen, W. E., Mitchell, N., and Smith, R. 1967. The Erysiphe

cichoracearum conidium, Can. J. Bot. 45:1489-1496.

. Mendgen, K., and Deising, H. 1993, Tansley Review No. 48. Infection

structures of fungal plant pathogens—a cytological and physiological
evaluation. New Phytol. 124:193-213.

Mercure, E. W., Kunoh, H., and Nicholson, R. L. 1995. Adhesion
of Colletotrichum graminicola to corn leaves: a requirement for disease
development. Physiol. Mol. Plant Pathol. 45:407-420.

Mercure, E. W., Kunoh, H., and Nicholson, R. L. Visualization of
materials released from adhered, ungerminated conidia of Colleto-
trichum graminicola. Physiol. Mol. Plant Pathol. In press.

Mercure, E. W., Leite, B., and Nicholson, R. L. 1995. Adhesion
of ungerminated conidia of Colletotrichum graminicola to artificial
hydrophobic surfaces. Physiol. Mol. Plant Pathol. 45:421-440.
Miller, J. H., Campbell, W. A., and Thompson, G. E. 1954. Diseases
and insects affecting the commonly planted trees and shrubs in
Georgia. Plant Dis. Rep. 38:362-369.

Mims, C. W., Richardson, E. A., Clay, R. P., and Nicholson, R.
L. 1995. Ultrastructure of conidia and the conidium aging process
in the plant pathogenic fungus Colletotrichum graminicola. Intl. J.
Plant Sci. In press.

Mims, C. W., Richardson, E. A., and Kimbrough, J. W. 1990, Ultra-
structure of ascospore delimitation in freeze substituted samples of
Ascodesmis nigricans. Protoplasma 156:94-102.

Mims, C. W., Richardson, E. A., and Taylor, J. 1988. Specimen
orientation for transmission electron microscopic studies of fungal
germ tubes and appressoria on artificial membranes and leaf surfaces.
Mycologia 80:586-590.

Mims, C. W., Roberson, R. W., and Richardson, E. A. 1988. Ultra-
structure of freeze-substituted and chemically fixed basidiospores of
Gymnosporangium juniperi-virginianae. Mycologia 80:356-364.
Mims, C. W., and Snetselaar, K. M. 1991. Teliospore maturation
in the smut fungus Sporisorium sorghii: an ultrastructural study using
freeze substitution fixation. Bot. Gaz. 152:1-7.

Nicholson, R. L., and Epstein, L. 1991. Adhesion of fungi to the
plant surface. Pages 3-23 in: The Fungal Spore and Disease Initiation
in Plants and Animals. G. T. Cole and H. C. Hoch, eds. Plenum
Press, New York.

Nicholson, R. L., Yoshioka, H., Yamaoka, N., and Kunoh, H. 1988.
I1. Release of esterase enzyme from conidia in response to a contact
stimulus. Exp. Mycol. 12:336-349.

Rohringer, R., Ebrahim-Nesbat, F., and Heitefuss, R. 1982. Ultra-
structural and histochemical studies on mildew of barley (Erysiphe
graminis CD. {. sp. hordei Marchal). 1. The cell envelope of conidia,
germ tubes and appressoria. Phytopathol. Z. 104:325-336.

Rowley, C. R., and Moran, D. T. 1975. A simple procedure for
mounting wrinkle-free sections on formvar slot grids. Ultramicrotomy
1:151-155.

Sela-Buurlage, M. B., Epstein, L., and Rodriques, R. J. 1991.
Adhesion of ungerminated Colletotrichum musae conidia. Physiol.
Mol. Plant Pathol. 39:345-352.

Thiéry, J. P. 1967. Mise en évidence des polysaccharides sur coupes
fines en microscopie électronique. J. Micros. 6:987-1018.

Yarwood, C. E. 1978, History and taxonomy of powdery mildews.
Pages 1-37 in: The Powdery Mildews. D. M. Spencer, ed. Academic
Press, New York.



