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ABSTRACT

The penetration and colonization of waterhyacinth
[Eickhornia crassipes (Mart.) Solms] by Acremonium zona-
tum (Sawada) Gams was examined ultrastructurally to aid
in the evaluation of the pathogen as a biocontrol agent
for this aquatic weed. Penetration of waterhyacinth leaves
by the fungus occurred either through the stomata or di-
rectly through the unbroken cuticle. An inward displace-
ment of the cuticle and papillae formation were observed
in micrographs of infected cells which is suggestive of me-
chanical pressure exerted by the fungus during penetra-
tion. Electron micrographs indicated that penetration was
apparently enhanced by the localized secretion of fungal
pectinases and cellulases. Penetration of the host’s special-
ized phenol cells resulted in the apparent death of the
invading hyphae and these phenol cells may have limited
infection and spread. Cytological changes noted in infected
cells included the disappearance of starch granules from
the chloroplasts, an increase in size and number of plasto-
globuli in the chloroplasts, and an increase in the number
of microbodies in the cytoplasma.
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INTRODUCTION

Acremonium zonatum (Sawada) Gams [= Cephalo-
sporium zonatum Sawada], the casual agent of a zonate leaf-
spot disease of waterhyacinth [Eichhornia crassipes (Mart.)
Solms], was first isolated by Rintz in 1973 (16) and further
evaluated as a biocontrol agent by Martyn and Freeman
(12). The disease is first evident as small sunken lesions on
both upper and lower leaf surfaces and the petiole. Infec-
tion is favored by high humidity and under conditions
of prolonged high humidity, severe spotting and death of
the plants may occur (12). 4. zonatum produces conidia
in muscilagenous heads (16) and is, therefore, not conducive
wind dissemination. Under natural conditions, insects
appear to be important in both the dissemination of the
conidia and inoculation of the plant (7,8). Little is known
about the infection process and subsequent tissue coloniza-
tion of waterhyacinth by 4. zonatum. Martyn (11) and
Martyn et al., (15) described specialized phenol-storing cells
in waterhyacinth leaves and implicated them (11) in disease
resistance by limiting the spread of the pathogen. The pur-
pose of this investigation was to report the infection process
and subsequent colonization of waterhyacinth leaves by 4.
zonatum under greenhouse conditions.

MATERIALS AND METHODS

Waterhyacinths were collected from natural infestations
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Figure 1. Penctration of waterhyacinth leaf by Acremonium zonaium. a) Hypha penetrating through an open stomate. Arrow points to the
muscilagenous cementing matrix. h = hypha, gc = guard cell, sc = substomatal cavity. Scale bare = 2m. b) Hypha penetrating the cuticle
and epidermis and the formation of a papilla. h = hypha, ip = infection peg, p = papilla, cu = cuticle, cw = cell wall. Scale bar = lym.

¢) and d) Hyphae penetrating waterhyacinth cell walls. Penetration is through smooth-bordered holes, suggestive of enzymatic softening. h =
hypha, cw = cell wall. Scale bar in ¢ = Iym, d = 0.5um.
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Figure 2. Penetration of a waterhyacinth phenol cell by Acremonium zonatum. Attachment of the hyphae to the cell wall is by a muscila-
gencus matrix (Arrow - b). Hyphae on the inside of the phenol cell are vesiculated, granular, and much less electron-dense than that on the

outside of the cell wall. Figures b and c¢ are higher magnifications of Figure a. Phc = phenol cell, h = hypha, cw = cell wall, sp = septum.
Scale bar a' = 2ym, b and ¢ = 0.5ym.
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in Florida and maintained in 37.85-L (10-gal) glass aquaria
half-filled with tap water. The plants were trimmed of any
necrotic or senescent leaves and inoculated with a water
agarslurry of A. zonatum as previously described (12).
After inoculation, all plants were maintained in the aquaria
fitted with plastic covers to maintain the relative humidity
near saturation. One week and 2 weeks postinoculation,
leaves displaying characteristic symptoms of disease were
excised. Leaf segments from the edge of developing lesions,
from areas 3 to 4 cm distant from any lesions, and from the
interior of lesions were removed and prepared for electron
microscopy as previously described (14). Thin sections were
cut on a Sorvall MT-2 ultramicrotome with a diamond
knife, poststained in 0.5%, uranyl acetate and 1.0%, lead
citrate and examined with a Hitachi HU-11E electron
microscope.

RESULTS AND DISCUSSION

Penetration of waterhyacinth by 4. zonatum occurred
either through the stomata (Figure la) or directly through
the unbroken cuticle (Figure 1b). Penetration directly
through the unbroken cuticle, however, was observed only
when the relative humidity was maintained near saturation
for several days.

The method by which fungi penetrate unbroken sur-
faces of their hosts is a topic of considerable interest. Pec-
tinolytic and cellulolytic enzymes are implicated in many
host-pathogen interactions (2,3). Martyn (11) demonstrated
in vitro production of a cellulolytic enzyme by 4. zonatum
but did not detect any pectinase activity. In this present
study, electron micrographs revealed penetration of the cell
wall and middle lamellae by 4. zonatum without destruc-
tion or mechanical disturbance of the surrounding portions
(Figure 1b,c,d). Mechanical pressure alone would be ex-
pected to show evidence of tearing and distortion of the cell
wall around the penetration site. Instead, penetration re-
sulted in smooth-bordered holes in the cell wall which is
indicative of a presoftening of the wall constituents prior
to penetration. Therefore, if extracellular pectinases and
cellulases are secreted by the fungus in wivo as an aid in
host cell penetration, they are most probably localized at
the tip of the invading hyphae.

Direct penetration of the cuticle by mechanical force did
apparently occur as evidenced by the inward displacement
of the cuticle at the site of penetration (Figure 1b). Similar
results were reported with Colletotrichum graminicola on
maize (16). Additional evidence for direct penetration of
waterhyacinth by 4. zonatum was the formation of papillae
(Figure 1b). Papillae are the earliest and most consistent
morphological response to pathogens which penetrate their
host directly (1). Evidence suggests that mechanical forces
applied by the pathogen during penetration provide the
stimulus for a papillae formation. A proposed function of
papillae is to impede or block fungal penetration, but evi-
dence for such a role is far from conclusive (18).

A proposed role for phenol-storing cells in waterhyacinth
is a defense against invading pathogens (11). Electron
micrographs of invaded phenol-storing cells supported this
theory (Figures 2 and 3). Attachment to and penetration
of the phenol cell by 4. zonatum appeared similar to that
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Figure 3. Phenol cell invaded by Acremonium zonatum. Hyphae are
very granular and electron-translucent, and the phenol bodies have
aggregated around the hyphae. Phc = phenol cell, pb = phenol bodies,
h = hyphae. Scale bar = 2um.

in other cell types. The hyphae were cemented to the cell
wall by a muscilagenous matrix (Figure 2b, arrow) and
penetration resulted in smooth-bordered holes. The hyphae
inside the phenol cell however, appeared highly vesiculated
and granulated, with no discernable organelles, and they
were much less electron-dense than hyphae outside the
phenol cell wall (Figure 2a,b,c and Figure 38). Visually, they
appeared non-viable. Cody (4) and Cody and Martyn (5) re-
ported that p-coumaric, protocatechuic, chlorogenic and
vanillic acids were inhibitory to 4. zonatum in vitro at 1000
ppm and that those phenolic acids were present in water-
hyacinth phenol cells. Additionally, Martyn et al. (14)
showed that the phenol-oxidizing enzyme polyphenoloxidase
(PPO) was present in thylakoids of phenol cell plastids. The
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Figure 4. Chloroplasts showing an increase in the number of plastoglobuli after infection by Acremonium zonatum. ay Chloroplast of a healthy
cell. Pl = plastoglobuli. Scale bar = 0.5ym. b) chloroplasts of an infected plant cell. P1 = plastoglobuli, m = mitochondrion. Scale bar = 0.5,m.
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combined effect of the phenolic acids and PPO in the
phenol cell could result in a fungitoxic environment. This
might partially explain why infection of waterhyacinth by
A. zonatum results in only 409, diseased leaf area (12).

Several cytological changes in mesophyll cells resulted
from A4. zonatum infection. The most noticeable was an in-
crease in the number of plastoglobuli in chloroplasts (Fig-
ure 4a,b). Similar results were reported in spinach plants
infected with A4lbugo occidentalis (9). The function of
plastoglobuli is not fully understood, but they are believed
to be reservoirs of excess lipid (10), and may be a product
senescence since they increase in both size and number dur-
during aging (6). The significance of increased plastoglobuli
in infected waterhyacinths is not known at the present time.

Other cytological changes observed in infected leaves
were the disappearance of starch from the chloroplasts
and an increase in the number of microbodies in the cyto-
plasma. Decreased starch is common in many foliar diseases
(18); however, the significance of the increase in microbodies
during infection is not known.

During the final stages of disease, the integrity of chloro-
plasts and other cellular organelles was lost, plastoglobuli
coalesced, and plasmolysis and oxidation of the cellular
components occurred resulting in the formation of dark
brown melanin pigments typical of cell necrosis.
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