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ABSTRACT
Frias, G. A., Purdy, L. H., and Schmidt, R. A. 1991. Infection biology of Crinipellis perniciosa
on vegetative flushes of cacao. Plant Dis. 75:552-556.

Infection biology of Crinipellis perniciosa on vegetative flushes of cacao (Theobroma cacao)
was studied by fluorescent microscopy. Basidiospores germinated only if they landed on wet
tissue or were suspended in water and sprayed onto the plant parts; those that landed on
dry surfaces were no longer viable. Interruption of the period of wetness during the prepenetration
phase resulted in irreversible termination of the infection process. Growth of germ tubes on
the surface of young flushes was strongly oriented toward natural infection sites (stomata)
and wounds. On hardened flushes, growth of germ tubes was random. Germ tubes penetrated
through stomata on any of the organs of young developing flushes. Penetration into the basal
cells of fallen or collapsed multicellular trichomes on fully expanded but unhardened flushes
also occurred. Substomatal vesicles were commonly observed in unhardened tissues 12 hr after
inoculation. Infection sites were not equally susceptible; in some instances, intercellular hyphae
grew freely throughout the infected tissue, whereas in others, mycelial growth stopped shortly
after penetration. The failure to colonize host tissue after penetration was associated with a
change in the fluorescence of host cells at and around the infection site. Penetration through
stomata was also observed on hardened flushes, but substomatal vesicles or intercellular hyphae

did not develop.
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Vegetative flushes in cacao (Theo-
broma cacao L.) may be the most
abundant infection sites for the witches’-
broom pathogen. Detailed knowledge of
the infection process of Crinipellis per-
niciosa (Stahel) Singer on flushes is
essential to clarify the epidemiology of
the disease and to improve and develop
standard inoculation methods for eval-
uating resistance of cacao to witches
broom disease. However, several aspects
of the infection process are not well
understood.

Factors affecting germination of bas-
idiospores have been studied only in
vitro. Sparsely distributed basidiospores
collected on dry glass surfaces immedi-
ately lost their viability, whereas basidio-
spores accumulated in high numbers on
glass surfaces survived for 15-20 hr (22).
Basidiospores in buffered solutions or on
agar germinated optimally at pH 6 and
25 C (13). The requirements for germi-
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nation of basidiospores on plant surfaces
and, therefore, optimal conditions for
infection of inoculated plants are uncer-
tain.

The mode of penetration has received
considerable attention. Germ tubes that
entered stomata on leaves and pods and
colonized the epicarp of young pods were
first observed by Stahel (22). Suarez (23)
and Aragundi (1) failed to substantiate
Stahel’s observations. Cronshaw and
Evans (7) reported that C. perniciosa
penetrated the leaf epidermis directly but
occasionally entered through stomata.
Recently, stomata were found to be im-
portant but not the only infection sites
in the penetration and colonization of
young cacao leaves (20,21).

Penetration of vegetative flushes of
cacao by C. perniciosa has been observed
only on leaves (7,20-22) even though
petioles, pulvini, and stems are also sus-
ceptible to infection (7). Typical symp-
toms of witches~broom were not ob-
tained when leaves were inoculated with
the agar block method (7), and thus it
may be questionable that the penetration
processes observed on leaves occur on
the other parts of the vegetative flush.

Young flushes, in contrast to fully
developed but unhardened flushes, seem
to be more susceptible to infection by
C. perniciosa. However, neither the opti-
mal age of flushes for infection nor the
reasons for reduced susceptibility with
increasing age of the flush are known.

Observation of spore germination on
plant surfaces, penetration mechanisms,
and colonization of plant tissues by
fungal pathogens is facilitated by the use
of fluorescence microscopy (15,18,24).
This technique has been used to study
host responses to infection and how
responses may be related to disease re-
sistance (11,14). In this research, fluores-
cence microscopy was used to study
germination of basidiospores of C. per-
niciosa on plant surfaces, the penetration
mechanisms on the different parts of
vegetative flushes, and the reaction of the
host to infection. The objective of this
study was to provide basic epidemio-
logical information about the infection
biology in order to develop standard
inoculation techniques for evaluating re-
sistance in cacao to the witches™~broom
disease.

MATERIALS AND METHODS
Inoculum production and plant mate-
rial. Diseased material (brooms) was ob-
tained from Colombia, Venezuela, Bra-
zil, and Trinidad. Brooms were placed
in Plexiglas chambers in which dry and
wet periods were regulated with humidi-
fiers to stimulate the production of
basidiocarps of C. perniciosa (16,17).
Cacao seeds from open-pollinated
Catongo, Scavina 12, EET 19, and EET
233 clones were obtained from Costa
Rica and Ecuador, planted in plastic pots
(5 X 5 cm) containing Metromix 500
potting mix (Grace Horticultural Prod-
ucts, Cambridge, MA), and fertilized
weekly with Peter’s general purpose 20-
20-20 fertilizer (Peters Fertilizer Prod-
ucts, Fogelsville, PA). Plants were grown
for 2-6 mo at 21-30 C in a greenhouse
with 50% shade provided by woven
plastic shade cloth. Attached or detached
vegetative flushes or flush parts were
used at three stages of development de-
scribed by Greathouse et al (10) as flush-
ing 2 (F-2), interflush 1 (I-1), and inter-
flush 2 (I-2). F-2 begins when expanding
leaves become visible in the shoot tip and
ends when the last expanding leaf of a
growth flush is longer than 1.5 cm; I-1
follows F-2 and ends before all leaves
of the flush attain the deep green of a
mature leaf; and 1-2 is when leaves are
fully expanded and dark green.
Basidiospore germination and sur-
vival. Percentages of germination of ba-
sidiospores on cacao tissue were quan-



tified under different collection and
incubation conditions. Leaves and stems
from I-1 flushes of Catongo were placed
on a piece of paper towel moistened with
water in the bottom of a petri plate. A
set of four leaves and four stems was
sprayed with water to form a continuous
film over their surfaces (“wet”), and
another set was not sprayed (“dry”).
Basidiocarps of C. perniciosa produced
on brooms were stuck to the lid of a
petri plate with petroleum jelly and
placed over the stems and abaxial sur-
faces of leaves. Basidiocarps were re-
moved after 5 min of active spore deposi-
tion. A third set of leaves and stems was
sprayed with a suspension containing
about 1 million spores per milliliter. The
suspension was prepared by collecting
basidiospores in a solution of 0.01 M
MES at pH 6.1 and 0.019% Tween 20.
Basidiospores were also collected on four
dry slides to provide a comparison be-
tween germination in vitro and in vivo.

Each set of four inoculated plant parts
and glass slides was incubated separately.
One set was incubated at 25 C in a dew
chamber, which produced and main-
tained a water film on the surfaces of
plant parts and glass slides. The other
three sets were incubated at room
temperature (24-29 C) in closed plastic
containers to which glycerol at a specific
gravity of 1.137 or 1.082 or water was
added to obtain a relative humidity (RH)
of 80, 90, or 100%, respectively (5). After
6 hr of incubation, leaves and stems were
removed from the dew chamber or the
plastic containers; water was allowed to
evaporate from the surface of the tissue,
which was then sprayed with a solution
of Cellufluor 0.03% in 0.01 M Tris/ HCI
buffer at pH 8. The samples were ex-
amined at X125 and X312 with a Leitz
20 microscope equipped with epifluores-
cence. A random sample of 200 ba-
sidiospores was examined to estimate the
percentage of germination. This exper-
iment was completed five times—twice
with spores from basidiocarps produced
on brooms from Venezuela and once
each with those from Trinidad, Colom-
bia, and Brazil.

Survival of basidiospores of C. per-
niciosa deposited for 5 or 25 min onto
the dry surface of 10 leaves from Catongo
I-1 flushes was studied. After spore
deposition, one leaf from the 5- and 25-
min exposures was sprayed with water
and incubated at 25 C in a dew chamber
for 24 hr; the other nine leaves of each
group were separated into groups of
three and incubated at room temperature
(24-29 C) in plastic containers at 80, 90,
or 100% RH. One leaf of each exposure
period was removed from each container
after 0.5, 1, and 2 hr, sprayed with water,
and incubated in a dew chamber for 24
hr. Basidiospores were also deposited on
wet plant surfaces to provide a compar-
ison. Basidiospore germination was es-
timated after the procedure described

before. This experiment was completed
five times—once each with inoculum
from Brazil, Colombia, and Trinidad and
twice with inoculum from Venezuela.

The ability of basidiospores to survive
intermittent wet and dry periods was
assessed. Basidiospores were deposited
on five wet leaves from Catongo I-1
flushes. The inoculated leaves were incu-
bated at 25 C in a dew chamber for 2-3
hr to allow formation of germ tubes one
to two times the length of the basidio-
spore. The leaves were removed from the
dew chamber to allow evaporation of
water from their surfaces. After the sur-
faces were dry, the inoculated leaves were
sprayed with water, returned to the dew
chamber, and incubated for 24 hr. Cellu-
fluor 0.03% was sprayed on the inocu-
lated leaves, and the percentage of 200
basidiospores with germ tubes longer
than the length of the spores was esti-
mated on each leaf. The experiment was
conducted twice using inoculum from
Venezuela.

Germ tube development. Germ tube
development of C. perniciosa on vege-
tative flushes of Catongo at different
stages was examined to determine wheth-
er pathogen growth on plant surfaces
occurred randomly or followed a pattern.
Detached and attached F-2 and I-1
flushes of Catongo were placed hori-
zontally in a dew chamber at 25 C. Five
flushes of each developmental stage were
sprayed with water and inoculated by
placing basidiocarps on stems and the
adaxial surfaces of leaves for 5 min.
Hardened (mature, deep green) leaves
from I-2 flushes were also inoculated.
After 3, 12, and 24 hr of incubation, the
inoculated tissue was removed from the
dew chamber, kept in laboratory con-
ditions to allow water to evaporate from

plant surfaces, and sprayed with 0.03%
Cellufluor. Specimens were examined
under the microscope with epifluores-
cence.

Germ tube growth on leaf surfaces was
also studied with a method designed to
avoid any disturbance of the position of
germ tubes on the inoculated tissue. Ba-
sidiospores of C. perniciosa were col-
lected in a solution containing 0.01 M
MES buffer at pH 6.1, 15% glycerol, and
0.01% Tween 20. One drop of a 0.1%
Cellufluor solution was added to every
5 ml of spore suspension and mixed for
10 min. The suspension was filtered
through a 0.45-um Millipore filter to re-
move the glycerol and excess Cellufluor.
After filtering, the surface of the filter
was kept moist to avoid spore damage.
Basidiospores were washed off the filter
with 0.2% agar; the resulting basidio-
spore suspension of unknown concentra-
tion was homogenized and sprayed onto
five leaf pieces from Catongo F-2 and
I-1 flushes placed on glass microscope
slides. A coverslip was placed over the
inoculated leaf pieces to facilitate
observations under the microscope.
Cellufluor did not affect basidiospore
germination and was translocated to the
germ tube; this allowed microscopic
observations without further handling of
the inoculated leaves. Observations were
made after 3, 12, and 24 hr of incubation
at 25 C in a dew chamber. This exper-
iment was completed twice using inocu-
lum from Colombia.

Host penetration and postpenetration
development. Penetration mechanisms
were observed on attached and detached
leaves of F-2 and I-1 flushes and on
hardened leaves of Catongo, EET 19, and
EET 233. Basidiospores were deposited
on all organs of the flush, as described

Table 1. Percentage of germination of basidiospores of Crinipellis perniciosa on cacao leaves
according to inoculation method and incubation conditions

Basidiospore germination (%)
with incubation conditions*

Inoculation method Trial™ Dew 100% RH 90% RH 80% RH
Basidiospores deposited 1 0’ 0 0 0
on dry surfaces 2 0 0 0 0
of leaves and slides 3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
Basidiospores deposited 1 94 7.2* 0 0
on wet leaves 2 98 5.0 0 0
3 100 1.3 0 0
4 98 4.5 0 0
5 98 7.0 0 0
Basidiospore suspensions 1 90 5.5 0 0
sprayed onto dry 2 91 4.0 0 0
surfaces of leaves 3 89 0.7 0 0
4 83 7.9 0 0
5 84 25 0 0

“Brooms from Trinidad, Brazil, and Colombia were used in trials 1, 2, and 3, respectively,
and brooms from Venezuela were used in trials 4 and 5.

*Germination on stems was similar to that on leaves.

*Values are the average of 200 spores observed on five replications.

" Germinated basidiospores on leaves at 100% RH had only short germ tubes.
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before, and incubated for 12, 24, and 48
hr at 25 C in a dew chamber. Some
inoculated plants were transferred to the
greenhouse and kept there for five
additional days.

Inoculated leaves were cut into l-cm’
pieces and placed in chloroform/meth-
anol (2:1) until chlorophyll was dissolved
(10-15 min for young leaves). Leaf pieces
were transferred to lactophenol/meth-
anol (1:3), boiled for 10 min, and left
overnight in this solution. Cleared leaves
were washed twice for 15 min each with
100% methanol; passed through 10-min
soakings of 95, 90, 80, 70, 50, 30, and
0% methanol in 0.01 M Tris/ HCI buffer
at pH 8.0; and transferred to a 0.1%
solution of the fluorescence brightener
Tinopal BHS in Tris/ HCI buffer at pH
8.0 until mesophyll cells were observed
with fluorescence microscopy (5-20
min). Specimens were washed twice for
5 min with Tris/ HCI buffer and then
placed in 1 M KOH at 60 C until leaves
became transparent, which generally
took from 4 hr for small leaves to over-
night for fully developed leaves. The
flaccid leaf pieces resulting from the
KOH treatment were transferred first to
water, then to glass microscope slides,
mounted in lactophenol, and examined
under fluorescence microscopy.

Fig. 1. Fluorescence photomicrographs of
Crinipellis perniciosa germ tubes on cacao
plant surfaces: (A) Directional growth of germ
tubes toward stomata on veins of young leaf.
(X125) (B) Directional growth toward tri-
chomes on fully developed but nonhardened
flushes. (>X125) (C) Germ tubes entering stoma
on a leaf 24 hr after inoculation. (X500) (D)
Substomatal colonizing hyphae 7 days after
inoculation. (X500) (E) Germ tube entering
stoma on stem. (X500)

Fig. 2. Fluorescence photomicrographs of
responses of cacao tissuc to infection by
Crinipellis perniciosa 48 hr after inoculation
of a nonhardened leaf: (A) Three penetrated
stomata and (B) mesophyll associated with
same infection sites but with different degrees
of golden fluorescence and growth of the path-
ogen within the leaf. Profuse hyphal growth
at infection site without golden fluorescence
contrasts with growth at sites with golden
fluorescence. (X312)



Inoculated stems, petioles, and pulvini
were soaked in a 0.1% solution of Tino-
pal for 5 min, then washed in buffer for
1 min. Freehand sections, cut perpendic-
ular to the epidermis, were placed in 1
M KOH at about 60 C overnight,
transferred to lactophenol, and left over-
night or until tissues were clear. Tissue
pieces were mounted in lactophenol for
observation.

The ability of C. perniciosa to induce
broom formation after leaf infection was
evaluated by inoculating open-pollinated
seedlings of Scavina 12 with axillary
flushes bearing leaves no longer than 1.5
cm. Agar blocks with fresh basidiospore
prints were applied to the abaxial surface
of the leaves. Inoculated seedlings were
incubated at 25 C in a dew chamber for
24 hr, then transferred to the greenhouse.
They were kept in the greenhouse until
symptoms developed and then were
evaluated.

RESULTS

Basidiospore germination and sur-
vival. The percentage of germination of
basidiospores in varying conditions of
surface wetness is presented in Table 1.
Basidiospores deposited on dry glass
microscope slides or on dry host tissue
for 5 min did not germinate regardless
of subsequent treatments or incubation
conditions. Germination occurred when
basidiospores were deposited on wet
flushes or when basidiospore suspensions
were sprayed on dry surfaces of flushes
and the flushes were placed in a dew
chamber that provided optimal condi-
tions for basidiospore germination.
When inoculated wet plant parts were
incubated at 100% RH, a low percentage
of basidiospores began to germinate but
did not develop further. Incubation at
90 and 80% RH did not result in any
basidiospore germination. When the
period of deposition on dry leaves was
extended to 25 min and basidiospores
were immediately incubated in a dew
chamber, some germination occurred
(about 5%). In the controls, germination
occurred in 80-100% of the basidiospores
deposited on wet leaves and incubated
in a dew chamber.

Basidiospores did not survive intermit-
tent wet and dry periods. Germ tube
growth initiated on wet tissue was irre-
versibly terminated when the surface of
the tissue was allowed to dry for 5 min.
Cytoplasm of basidiospores that failed
to germinate either on plant surfaces or
on surfaces of glass microscope slides was
condensed in the center of the cell; the
space between the condensed cytoplasm
and spore wall was apparently empty.
These basidiospores appeared to be
plasmolyzed.

Germ tube development. Germ tubes
from basidiospores had a marked tropic
response toward stomata on leaves and
stems of young F-2 flushes, and many
germ tubes were observed entering a

single stoma (Fig. 1A). This tropic
response was weaker on leaves from I-1
flushes and undetectable on fully
hardened leaves. However, some germ
tubes growing randomly on hardened
leaves were also observed entering
stomata. Germ tubes were also attracted
toward the bases of fallen or collapsing
multicellular trichomes on fully devel-
oped but nonhardened I-1 flushes (Fig.
1B). No differences were evident between
attached and detached flushes regarding
growth of the germ tubes toward the
penetration sites.

Host penetration and postpenetration
development. Penetration of cacao tissue
by germ tubes of C. perniciosa occurred
through stomata on leaves (Fig. 1C) and
stems (Fig. 1E). Penetration was ob-
served on all parts of young F-2 flushes
and on fully developed but nonhardened
I-1 flushes. No appressoria or other spe-
cialized penetration structures were
observed on stomata through which the
germ tubes entered (Figs. 1C and 2A).
Penetrating germ tubes increased in
diameter in the substomatal cavity and
resembled vesicles. Intercellular hyphae
developing from these vesicles increased
from sparse to abundant 1-7 days after
inoculation (Fig. 1D).

Germ tubes penetrated fully developed
but nonhardened I-1 flushes through the
bases of fallen or collapsed multicellular
trichomes. Vesicles developed after pene-
tration, but subsequent colonization was
not observed. On fully hardened leaves,
germ tubes were observed entering sto-
mata, but neither substomatal vesicles
nor colonizing hyphae were observed. No
differences in the penetration mecha-
nisms were evident between attached and
detached flushes.

Growth of C. perniciosa after pene-
tration varied among infection sites in
the same flush and within the same leaf.
In some instances, hyphae grew freely
throughout the infected tissue; in others,
mycelial growth stopped shortly after
penetration. This failure to colonize
cacao tissue was associated with the de-
velopment of a golden fluorescence of
host cells at and around the sites of
penetration (Fig. 2). The intensity of this
fluorescence varied from site to site and
was apparently correlated negatively
with the extent of colonization 24 and
48 hr after inoculation. However, 7 days
after inoculation, many of the suc-
cessfully colonized infection sites also
showed some degree of golden fluores-
cence (Fig. 1D). The frequency of pene-
trated stomata that developed golden
fluorescence was higher in leaves from
young F-2 flushes of EET 233 than in
leaves of Catongo or EET 19. No attempt
was made to quantify this observation.

Inoculation of leaves on young F-2
flushes resulted in broom development.
Nine of 16 of the inoculated flushes of
Scavina 12 developed typical symptoms
of witches’-broom. The petiole and

pulvini of the infected leaf were always
swollen. In many cases, the axillary bud
closest to the inoculated leaf developed
into a broom, and the hypertrophy did
not extend below the petiole of the
inoculated leaf.

DISCUSSION

Basidiospores lost viability immedi-
ately after contacting the dry surface of
cacao flushes or glass slides. The cyto-
plasm concentrated near the centers of
these basidiospores caused the spores to
resemble plasmolyzed cells, a condition
that might have resulted from a loss of
water by the spores. The cause of the
cytoplasmic disorganization was not de-
termined, however. Prolonged deposi-
tion of basidiospores on dry leaves or
glass slides (5-25 min) allowed a low
percentage of basidiospores to survive,
probably because layers of basidiospores
closer to the dry surface protected sub-
sequently deposited spores from the ad-
verse effect of the dry surface. Basidio-
spore germination required free water on
the surface of the tissue. When wet in-
oculated plant parts were incubated at
80-100% RH and room temperature
(24-29 C), surface water evaporated soon
after inoculation because the dew point
(20-23 C) was never reached (5). Water
on the plant parts incubated at 1009 RH
took longer to evaporate, which explains
the low percentage of basidiospores that
initiated germination but did not develop
further (Table 1). These observations
have important implications for the
efficiency of inoculation methods. For
example, a high proportion of basidio-
spores collected on dry glass surfaces lose
viability. When this collection method is
used to prepare inoculum, the concen-
tration of viable basidiospores will be
reduced considerably. Basidiospore ger-
mination, host penetration, and the es-
tablishment of infection are irreversibly
terminated if the plant surface where the
basidiospore is located becomes dry
before infection is established. Therefore,
inoculated plants surfaces must be kept
wet until an infection is established.

Basidiospores or germ tubes of C.
perniciosa were not able to survive for
any period of time on dry flushes. The
stringent requirements for liquid water
on any surface as a prerequisite for
germination are met in nature, since the
peak of basidiospore release occurs be-
tween 2200 and 0400 (2,8,19), when dew
is prevalent. Basidiospores released at
other times during the day have a reduced
probability for infection. Those released
early in the morning (0400-0600) may
land on plant surfaces wet by dew, but
the dew may not persist for the time
required for germination and pene-
tration. Also, basidiospores released dur-
ing the hours of 0700-1800 may encoun-
ter rising temperatures and evaporation
of free water (from dew or rain) from
the surface of the plant before infection
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is established.

The evident tropic response of germ
tubes of C. perniciosa increases the
chances for infection. The intensity of
this tropic response decreased as flush
development progressed. Perhaps the
reduction in carbohydrate availability
during the development of cacao flushes
(12) may produce changes in the quality
and quantity of exudates at the infection
sites and, thus, affect the intensity with
which they attract germ tubes of C.
perniciosa.

Basidiospores of C. perniciosa germi-
nated and penetrated through stomata
on all organs of nonhardened flushes,
and substomatal vesicles and colonizing
hyphae from them were observed in every
part of the flush. Thus, stomata were the
infection sites on vegetative flushes. This
infection mechanism is remarkably
similar to that reported by Patton and
Johnson (15) on white pine needles in-
oculated with Cronartium ribicola J.C.
Fisch. The role of substomatal vesicles
of C. perniciosa in the infection process
was not studied, but they were common
12 hr after inoculation, suggesting that
subsomatal vesicles may protect the
pathogen from desiccation in recently
established infections. Wetness on plant
surfaces may be essential for the infection
process only until substomatal vesicles
are formed. On hardened leaves, sub-
stomatal vesicles and colonization
hyphae were never observed. Probably,
the nutritional requirements of the path-
ogen for postpenetrational growth are
not met in this type of tissue.

Colonizing hyphae were not observed
to develop from penetrated multicellular
trichome bases. However, a strong at-
traction of germ tubes toward trichome
bases occurred on fully developed but
nonhardened I-1 flushes (Fig. 1B). Tri-
chome bases may be important ports of
entry for the pathogen before flush hard-
ening. Although colonization of I-1
flushes apparently does not occur soon
after penetration, vesicles formed under
the epidermis could remain dormant
until the next flush cycle. The position
of these dormant infections would prob-
ably determine the type of symptoms that
would develop. Infections relatively
distant from the apical meristem may
produce swellings or cankers; brooms
could be produced when the infections
occur close to axillary or apical buds.

Direct penetration was never observed
in this study. Other researchers have
observed germ tubes of C. perniciosa
penetrating the leaf epidermis directly
(7,21). Penetration through small
wounds produced on the leaves during
processing for inoculation (surface-
sterilized) could result in apparent direct
penetration.

Infection sites (stomata) within a flush
were not colonized equally, and coloni-
zation 24-48 hr after inoculation ap-
parently decreased as the intensity of the
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golden fluorescence at and around the
penetrated stomata increased. This
fluorescence correlated with resistance to
witches’-broom in open-pollinated
seedlings of EET 233 (resistant to
witches>-broom) that had a higher fre-
quency of golden fluorescence associated
with stomata penetrated by germ tubes
than open-pollinated seedlings of EET
19 (susceptible to witches-broom). In
other crops, host resistance to certain
diseases has been correlated positively
with the proportion of infection sites in
which a similar golden fluorescent
reduction was observed after penetration
9,11,14).

Successfully colonized infection sites
that showed a golden fluorescence 7 days
after inoculation could be the result of
a delayed response of the plant to in-
fection. However, the importance of this
delayed response on subsequent coloni-
zation was not established. The nature
of the golden fluorescence was not eluci-
dated, but certain phenolic compounds
that may be responsible for this type of
fluorescence have been extracted from
cacao tissues and have inhibited germi-
nation of basidiospores of C. perniciosa
4).

Inoculation of leaves (5-15 mm long)
on young flushes gave rise to the de-
velopment of brooms. Cronshaw and
Evans’s (7) lack of success in obtaining
brooms from leaf inoculation may have
been due to the age of the leaves or the
type of flush used, or both. The efficiency
of inoculation methods using vegetative
flushes could be improved by covering
all parts of the flush with inoculum rather
than applying basidiospores to specific
sites, as some inoculation methods re-
quire (3,6,7).

A standardized method for inocula-
tion of cacao with C. perniciosa requires
that plant surfaces be kept wet during
the incubation period. Also, to evaluate
resistance to witches>-broom, the inocu-
lum concentration must be known and
controlled.
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