
CSIRO PUBLISHING

www.publish.csiro.au/journals/app Australasian Plant Pathology, 2005, 34, 401–404

SHORT RESEARCH NOTES

Leaf-clearing and staining techniques for the observation of conidiophores
in the Phyllactinioideae (Erysiphaceae)
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Abstract. Some whole leaf-clearing and staining techniques are described for the microscopic observation of the origin
of powdery mildew conidiophores, whether from external mycelium or internal mycelium, emerging through stomata.
These techniques enable separation of the two genera, Oidiopsis and Streptopodium, in the Erysiphaceae.
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The powdery mildews (Erysiphaceae: Ascomycota) are
biotrophic plant pathogenic fungi that are classified in two
subfamilies, the Erysiphoideae and the Phyllactinioideae
(Braun 1987). The Erysiphoideae has an exclusively external
mycelium and anamorphic states belonging to the genus
Oidium (Braun 1999; Braun and Takamatsu 2000; Braun
et al. 2002), that has conidia which are ellipsoid, ovoid,
cylindrical or doliiform, produced either singly or in chains.
The Phyllactinioideae includes the genera Phyllactinia
(anamorph Ovulariopsis), Leveillula (anamorph Oidiopsis),
and Pleochaeta (anamorph Streptopodium) which typically
have hemiendophytic (partly external and partly internal)
mycelia with conidia that are lanceolate, clavate, obclavate
or cylindrical and usually produced singly (Braun 1987;
Boesewinkel 1980).

Recently, electron microscopy and molecular studies
have led to significant changes in the taxonomy of
the Erysiphaceae. Consequently, the morphological
characteristics of the anamorphs are now regarded as
fundamental to the delimitation and phylogenetic placement
of the holomorph. The accurate identification of a powdery
mildew anamorph allows the associated teleomorph to be
predicted in the absence of its ascomata (Braun et al. 2002).
This is important, as anamorphic stages of the Erysiphaceae
are the predominant form of the powdery mildew fungi in
the tropics and subtropics worldwide (Braun et al. 2002).

Oidium can be differentiated from anamorphs of
Phyllactinioideae by the production of comparatively smaller

sized conidia of a different shape and an exclusively external
mycelium. Anamorphs of Phyllactinioideae have hyphae
that penetrate the leaf through stomata, forming internal
mycelium (Braun 1987; Boesewinkel 1980).

There are two basic differences between Phyllactinioideae
anamorphs belonging to Ovulariopsis or Oidiopsis. First,
Oidiopsis has dimorphic conidia. This term is commonly
used to designate clear morphological differences between
the first conidium (primary conidium) formed on a
conidiophore and all others formed subsequently (secondary
conidia) in the powdery mildews of Phyllactinioideae. Its
primary conidium is apically pointed or lanceolate whereas
secondary conidia are ellipsoid to cylindrical with rounded to
truncate apices. Ovulariopsis has only monomorphic conidia
(there are no differences between primary and secondary
conidia), mostly subclavate to clavate, but never lanceolate.
The second difference is that conidiophores of Oidiopsis
originate from the internal mycelium emerging through
the stomata, which contrast with Ovulariopsis that has
conidiophores arising directly from the external mycelium
(Braun 1987).

Ovulariopsis and Oidiopsis are very closely related
(Mori et al. 2000). Streptopodium is regarded by Gorter
and Eicker (1983) as an intermediate between them,
having characteristics of those two genera, namely conidia
that are dimorphic, as does Oidiopsis, but conidiophores
originating from the external mycelium, as does Ovulariopsis
(Liberato et al. 2004).
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The microscopic observation of conidiophores arising
from the internal mycelium, through stomata, is difficult.
This is a cause of misidentification between Oidiopsis
and Streptopodium. This feature is well observed under
scanning electron microscopy, but it is impractical for routine
identification. In order to observe the origin of conidiophores
in the Phyllactinioideae, it was tried and then modified
the whole leaf clearing and staining technique, proposed
by Bruzzese and Hasan (1983) for rust studies, as well
as two other techniques used in host–pathogen interaction
studies (White and Baker 1954; McLean and Byth 1981).
Modifications of these techniques were aimed at reducing
the processing time and the number of toxic chemicals used.
Five techniques are hence described below.

The following specimens were used to test these
techniques: (a) dried specimens: Oidiopsis anamorph of
Leveillula taurica on Carica papaya: BRIP 2128, 2130, 2133,
and 21065, IMI 226117a, VPRI 19420; on Euphorbia spp.:
BRIP 13824, 16890, 20064, 23464, 25568, 26529, 26732,
and 44907, VPRI 17917 and 20208; on Ruta graveolens:
VIC 26484 and 26492; Ovulariopsis papayae on C. papaya:
NH 924; Pleochaeta turbinata on Platycyamus regnellii:
IACM 4541; Streptopodium caricae on C. papaya:
IBI 11814, VIC 22182, and 22187; (b) fresh specimens:
S. caricae on C. papaya: VIC 26548, 26549, 26550, 26552
and 26543; Streptopodium sp. on Tabebuia serratifolia:
VIC 26551 and 26559.

Technique 1 (modified from Bruzzese and Hasan 1983)

Solution A: successively add the series of compounds
given below in a flask with continuous agitation with a
magnetic stirrer until all solids dissolve: 30 mL 95% ethanol;
15 mL chloroform; 12.5 mL 90% lactic acid; 45 g chloral
hydrate; 0.06 g aniline blue.

Solution B: 50 g chloral hydrate in 20 mL of distilled water.
Note: both solutions must be prepared in a fume hood and
disposable gloves should be worn.

Leaf pieces around 0.25–0.5 cm2, infected with powdery
mildew, were submerged in solution A in stoppered glass
vials at room temperature for 48 h and then washed rapidly
in distilled water and left in solution B for 24 h. The leaf
portions were then removed, washed rapidly in distilled water
and mounted on microscope slides in 85% lactic acid.

The following specimens were used to test this technique:
(a) dried specimens: BRIP 2130, 2133, 16890, 20064, 21065,
23464, 26732, 44907; IBI 11814, IMI 226117a, IACM 4541,
NH 924, VIC 22182, 22187, 26484 and 26492; (b) fresh
specimens: VIC 26543, 26548, 26549, 26550, 26551, 26552
and 26559.

Technique 2

Only solution B of the Bruzzese and Hasan (1983) method
was used (see above). Leaf pieces, infected with powdery
mildew, were immersed in solution B in stoppered glass vials

at room temperature, for 6–48 h, washed rapidly in distilled
water, and mounted on microscope slides in 85% lactic
acid with 1 g/L aniline blue. In order to reduce processing
time, this technique was modified by placing stoppered
glass vials containing leaf pieces immersed in solution B
in a water bath at 60◦C for 1 h. The leaf pieces were
then mounted on microscope slides in 85% lactic acid with
1 g/L aniline blue.

The following dried specimens were examined: BRIP
2128, 16890, 13824, 25568, 26529 and VPRI 20208.

Technique 3 (modified from McLean and Byth 1981)

Leaf pieces, infected with powdery mildew, were
immersed in a mixture of 100% acetic acid and absolute
ethanol (1:1, v/v), in stoppered glass vials at room
temperature, for 6–48 h, washed rapidly in distilled water, and
mounted on microscope slides in 85% lactic acid with 1 g/L
aniline blue. To reduce the processing time, a modification of
this technique was used: the stoppered glass vials with leaf
pieces in the solution were placed in a water bath at 60◦C for
1 h. The leaf pieces were then mounted on microscope slides
in 85% lactic acid with 1 g/L aniline blue.

The following dried specimens were examined: BRIP
13824, 16890, 25568, 26529 and VPRI 17917.

Technique 4 (White and Baker 1954)

Leaf pieces, infected with powdery mildew, were
immersed in 10 mL of lacto-glycerol (100 mL 85% lactic
acid, 200 mL glycerol, 100 mL distilled water) containing
10 g/L cotton blue in flasks and then heated on a hot plate
until boiling and allowed to simmer for 3 min in a fume hood.
The flask was removed from the hot plate and allowed to
cool; the leaf pieces were removed and then gently rinsed in
distilled water before mounting on microscope slides in 85%
lactic acid.

Dried specimen BRIP 16890 was subjected to
this treatment.

Technique 5 (modified from Shin and La 1993)

Leaf pieces, infected with powdery mildew, were placed
on a slide and covered with a drop of 85% lactic acid with
1 g/L aniline blue and a coverslip. The microscope slide was
held carefully above a gas burner flame until the mounting
medium started to boil and allowed to simmer for 5–20 s.
After cooling, the coverslip was removed and the leaf piece
was transferred to another microscope slide and mounted in
a drop of 85% lactic acid with 1 g/L aniline blue. As powdery
mildew fungi of subfamily Phyllactinioideae usually infect
the abaxial leaf surface, care was taken to mount the colonised
surface face up on the microscope slide.

Dried specimens BRIP 13824 and VPRI 19420 were
treated this way.

Technique 1 gave good results for all specimens examined
with the exception of IACM 4541. The host plant in this
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specimen has long trichomes that did not allow the coverslip
to sit properly on the leaf surface. This technique has two
problems. First the leaf is stained blue as well as the fungus,
making distinction of fungal structures and interpretation of
conidiophore origin difficult. Second, the processing time is
rather long (3 days). Despite these disadvantages, the use of
this technique has already proven useful for differentiation
between Oidiopsis (Fig. 1A) and Streptopodium (Fig. 1B)
(Liberato et al. 2004). It also has the advantage of allowing
a delay in mounting the specimens since it is possible to
keep the leaf pieces in solution B for several days, without
damaging them.

Technique 2 reduced the processing time and the number
of toxic compounds (only chloral hydrate was used). Some
specimens were examined after 6 h, and the others after 24 or
48 h. Placement of the specimen in a water bath at 60◦C for
1 h saved time and did not affect the results. This technique
gave the best results (Fig. 1C). It is now used routinely in
herbarium BRIP.

Technique 3 is an alternative to technique 2, and uses two
chemicals, acetic acid and ethanol, commonly found in plant
pathology laboratories. Its results were almost as good as
technique 2 (Fig. 1D). Placement of the specimen in a water
bath at 60◦C for 1 h saved time and did not affect the results.

Fig. 1. (A) Technique 1. Oidiopsis anamorph of Leveillula taurica
on Carica papaya (BRIP 21065). Conidiophore arising from internal
mycelium through stoma (st) with primary conidium (pc). (B) Technique
1. Streptopodium caricae on C. papaya (IBI 11814). Conidiophore
(c) arising from external mycelium (m). (C–F) Oidiopsis anamorph
of L. taurica. Conidiophore arising through stoma with primary or
secondary conidium (sc). (C) Technique 2 on Euphorbia heterophylla
(VPRI 20208). (D) Technique 3 on E. cyathophora (BRIP 16890). (E)
Technique 4 on E. cyathophora (BRIP 16890). (F) Technique 5 on
C. papaya (VPRI 19420) (Bar = 20 µm).

Technique 4 enabled the tracing of the origin of
conidiophores (Fig. 1E). However, this technique has
limitations; it is time consuming and not as reliable as the
previous methods since the simmering dislodged some fungal
conidiophores and spores from the leaf surface.

Technique 5 is relatively fast, simple to use and also
enabled the origin of conidiophores to be traced (Fig. 1F)
but the quality of the results depended significantly on the
host species and simmering time. A short simmering time
might be insufficient to clear the leaf, and a longer period of
simmering often dislodged fungal conidiophores and spores
from the leaf surface.

All techniques allowed the observation of the origin of
conidiophores using a light microscope. It is important to note
that observation of several conidiophores is required since
a small percentage of the conidiophores of Oidiopsis may
arise from external mycelium (Homma et al. 1981) which
might lead to the mistaken conclusion that the specimen is a
Streptopodium sp.

There are many other techniques described in the
literature. These were not tested here because they involve
the use of toxic compounds such as phenol (Ram and
Nayyar 1978) and chlorine gas (Janes 1962) or because
they are similar to the techniques described in this study
(Shipton and Brown 1962; Koga and Kobayashi 1980;
Keane et al. 1988).
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