Modes of Penetration of Young Cocoa Leaves by Crinipellis perniciosa
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ABSTRACT

Sreenivasan, T. N., and Dabydeen, S. 1989. Modes of penetration of young cocoa leaves by

Crinipellis perniciosa. Plant Disease 73:478-481.

Young attached and detached leaves of the cocoa cultivar ICS 43 were inoculated with
basidiospores of Crinipellis perniciosa to investigate the modes of entry of the pathogen. Light and
scanning electron microscopy after 6, 12, and 48 hr of incubation showed that the pathogen enters
the leaf by direct penetration and also through stomata. In both modes of penetration either single
or multiple germ tubes entered the leaf. Basidiospore germination also resulted in hyphal growth

on the lamina.

Extensive cultivation of cocoa (Theo-
broma cacao L.) in the cleared Amazon
forest region of Brazil and the subsequent
appearance of witches-broom disease in
epidemic proportions renewed interest in
this cocoa disease, caused by Crinipellis
perniciosa (Stahel) Singer. Several
scientific studies conducted in the cocoa-
growing nations, the United Kingdom,
and the United States have resulted in a
new understanding of this disease
(2-7,13,14,17). However, there is a lack
of knowledge regarding the penetration
of cocoa tissue by the pathogen. Stahel
(15) indicated penetration through the
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stomatal opening in the case of young
pods (cherelles) and published a drawing
of the penetration process. No informa-
tion, however, was provided regarding
the penetration of vegetative tissue by the
fungus. Baker and Holliday (1) repro-
duced Stahel’s drawing and suggested
that penetration other than stomatal
entry may be a possibility, on the basis of
successful infection by immersion of 4-
day-old seedlings in a spore suspension.
Suarez-Capello (16), using scanning
electron microscopy of inoculated 7-day-
old seedlings, was unable to show any
particular mode of entry of the fungus
into the plant, even though extensive
germ tubes and mycelia were produced
by the basidiospores. Cronshaw and
Evans (3) reported direct penetration of
cocoa leaves by a majority of germinated

spores and observed only occasional
entry through stomata. No photographs
have been published to illustrate the
modes of entry of the pathogen. This
study was therefore initiated to clarify the
modes of entry of the pathogen in young
leaves of its host.

MATERIALS AND METHODS
Immature new-flush leaves (5-10 cmin
length) were collected from the cocoa
clone ICS 43, a highly susceptible
cultivar (10). The leaves were surface-
sterilized in 0.5% sodium hypochlorite
solution and subsequently rinsed in three
changes of sterile distilled water. The
treated leaves were then placed with the
abaxial surface facing upwards in a
sterile petri dish lined with moist, sterile
filter paper. A polythene sheet with
perforations (3 mm in diameter) was
placed over the leaves to confine the areas
of spore deposition on the lamina.
Several newly developed mature pilei of
C. perniciosa were attached to the
underside of the petri dish lid (5), and the
lid was then placed over the partially
covered leaves. Spore deposition was
allowed for 15 min. The petri dish lid with
the pilei was then removed and again
placed on another petri dish containing



surface-sterilized cocoa leaves covered
with a perforated polythene sheet.
Following spore deposition the lid with
the pilei was removed and replaced by a
sterile lid. The petri dishes with the
inoculated leaves were incubated for 48 hr
in a moist chamber under ambient
temperature and light. At different time
intervals disks (2 mm in diameter) were
cut from areas of the lamina immediately
beneath the perforations and fixed in 3%
glutaraldehyde. Attached young leaves
were also similarly inoculated. The
inoculated plants were incubated in a
moist chamber for 48 hr. At 6, 12, and
48 hrafter inoculation, leaf disks were cut
and processed in the same way as those
from the detached leaves. The fixed leaf
disks were freeze-dried and coated with
gold-palladium on a Technic-Vote
coating machine and observed on a
Cambridge Stereoscan SY-10 at the
University of Nebraska, Lincoln.

For light microscopy studies polythene
sheets with perforations 7 mm in
diameter were used to cover the leaves.
After spore deposition the inoculated
leaves were incubated for 6 and 12 hr.
Disks 5 mm in diameter were cut from
leaves and cleared with a saturated
solution of chloral hydrate. The cleared
leaf disks were stained with cotton blue in
lactophenol, mounted on glass slides,
and observed for basidiospore germina-
tion and penetration.

RESULTS AND DISCUSSION

This study showed the germination of
basidiospores and the subsequent growth
of hyphae on the surface of inoculated
leaves incubated for 48 hr. The entry of
the pathogen into the leaf was through
stomata by primary germ tubes (Fig. 1)
and by hyphae from primary mycelium
formed externally on the leaf surface
(Figs. 2 and 3). Strands of hyphae
originating from surface mycelia can
effectively enter several stomata simul-
taneously (Fig. 2), and several hyphae
were observed entering a single stoma
(Fig. 3). Germ tubes from several
basidiospores were also observed to
converge and enter a single veinal stoma
(Fig. 4). In addition to stomatal entry,
direct penetration by germ tubes also
occurred. Several germ tubes were seen
to enter at the same site of penetration
(Fig. 5). There were no morphological
modifications in the germ tube tips to
indicate the formation of an appressorium
or infection cushion (Figs. 1, 4, and 5).
Hardwick et al (9) reported that during
the ontogeny of the cocoa leaf, stomata
on veins develop earlier and become
larger than laminar stomata. The
phenomenon of the convergence of germ
tubes and their subsequent entry into the
large veinal stomata was not observed at
the smaller laminar stomata. Spore
germination and the subsequent entry of
the pathogen into the leaf through
stomatal pores and by direct penetration

Figs. 1-3. (1) Germ tube (g) from a basidiospore (b) entering a laminar stoma (s) after 6 hr of
incubation, and branching in the stoma. Bar = 2 um. (2) Growth of hyphae resulting from the
germination of basidiospores and their entry through three stomatal openings. Bar = 10 um.
(3) Stomatal entry by two hyphal branches. Bar = 2 um.
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took less than 6 hr.

The finding that C. perniciosa produces
mycelial growth on the leaf surface is in
agreement with Suarez-Capello’s obser-
vations of the growth of the fungus on the
epidermal surface of inoculated seedlings
(16). The growth of mycelium derived
from basidiospores and subsequent
multiple penetration of host tissue imply
that under natural conditions a single
basidiospore may be able to effect
multiple entry of the host under
prolonged wet conditions. In most of the
cocoa-growingareas such conditions
often exist. The observation that the
incidence of witches’-broom disease
tends to be higher in areas of high rainfall
thanindrier areas may be due, in part, to
the occurrence of several multiple
infections arising from basidiospores.

The occurrence of direct penetration
was suspected by Baker and Holliday (1)
and reported by Cronshaw and Evans
(3). The results of this study confirm the
occurrence of direct penetration.

= =7

Cronshaw and Evans (3) did not mention
the age of leaf material used in their study
but indicated only that the duration of
the incubation period was 6 hr. The low
frequency of stomatal entry noted by
these workers may be related to the stage
of development of the leaf.

Tropisms are a critical part of the
preinfection phase of disease develop-
ment (18). In this study, in both stomatal
entry and direct penetration, several
germ tubes displayed directional growth
toward the entry point, and it was
speculated that tropism may be involved.
Frias (8) implicated tropism as being
responsible for the growth of germ tubes
of C. perniciosa toward stomata and
trichome bases of young inoculated
cocoa leaves. Hunt (11) reported direct
cuticular penetration of germ tubes with
appressoria in two rust fungi. In the
present study direct penetration by germ
tubes without the formation of an
appressorium or infection cushion
suggests the production at the germ tube

g

Figs. 4 and 5. (4) Directional growth of several germ tubes from basidiospores (arrows) toward a
veinal stoma (vs), resulting in multiple entry. Protoplasts (darkly stained) migrate from the
basidiospore (b) toward the terminal part of the germ tube. Bar = 5 um. (5) Direct penetration of
germ tubes (g) from basidiospores (b) at the same site on a leaf surface. Bar = 2 um.
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tips of a substance or substances that
degrade host tissue. Direct penetration
and stomatal entry were observed in
detached and attached leaves.

Frias (8), using fluorescent microscopy,
reported that substomatal vesicles
developed after hyphal entry and
subsequently gave rise to intercellular
hyphae. Occasional branching of the
germ tube in the stomatal pore (Fig. 1)
and the occurrence of direct penetration
(Fig. 5) suggest that vesicle formation is
not a prerequisite for hyphal proliferation.

The nuclear state of the pathogenic
phase of the fungus is not yet clearly
established (4,6,12). Delgado and Cook
(4) demonstrated haploidy in basidio-
spores of C. perniciosa. Our results show
that germ tubes formed from the haploid
basidiospores were capable of entering
the host either directly or indirectly
within 6 hr of germination. Efforts to
maintain the pathogenic phase of the
fungus in culture have so far been
unsuccessful. Since the pathogen does
not remain in the infective phase for long
periods, the observation of sustained
growth of hyphae on leaves without the
loss of the ability to enter host tissues
warrants further investigation. The
nuclear state of the mycelium on the leaf
surface was not determined in this study.
Therefore, cytological studies to deter-
mine the nuclear status of the hyphae are
desirable. Further, the nature of
nutrients available on the leaf surface for
hyphal growth needs to be investigated.
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