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INTRODUCTION

Aroids (Xanthosoma spp. and Colocasia esculenta (L.) Schott) are
important as crops principally in the humid tropical lowland areas of
the world. Although important at world level, in the Central American
isthmus they have not yet received recognition as potential energy
sources, animal feed, processed products or as a source of foreign
exchange. In several parts of Nort America there exist concentrations of
people of Latin American origin who constitute a demand for these
products and represent an export market with great growth potential
for the countries of the Isthmus.

Cultivation of aroids at a commercial level started approximately 10
years ago in Costa Rica. The species most grown are the white cocoyam
( Xanthosoma sagittifolium Schott), the violet cocoyams, ( Xanthosoma
violaceum) and also a species of lesser importance (cover photo), taro
(Colocasia esculenta (L.) Schott (Figure 1)., with its varieties Colocasia
esculenta (L.) Schott var. antiquorum (Schott and Rehder): “eddoe”
type, and Colocasia esculenta (L.) var. esculenta: ‘“dasheen” type. The
corms of these species are used for home consumption and for the last
6 or 7 years have been exported to several European countries and the
USA.

FIGURE 1.  Taro (Colocasia esculenta (L.) Schott).



As cultivation of these species has intensified, so various diseases
have started to limit production. A number of fungal and bacterial
infections have been observed in different growing areas of Costa Rica.

This publication describes some of the more important fungal and
bacterial diseases that have been found in the aroid-producing regions
of Costa Rica (Limén and Alajuela provinces) and in the experimental
plots at CATIE, Turrialba, Cartago Province (Map 1). The principal
symptoms are described and illustrated with the intention of providing
a guide to the identification of the diseases and their causal agents for
researchers, students, extension agents and farmers.

The study was carried out in three areas of Costa Rica (Table 1).

The diseases were described in the field and samples collected for
identification of the pathogens in the laboratory.

MAP 1. Localities where diseases afecting Aroids in Costa Rica were observed.



Table 1. Areas of study in Costa Rica.

Study Area Height above Mean annual Mean

sea level (m.) rainfall (mm.) temp (°C)
Limén (Atlantic 20(}700 3000-4000 25-27
zone)
San Carlos (Ala- 65-1000 2500-3000 18-29

juela province)

Turrialba 600 2600 223

The pathogens were isolated from diseased tissue, cultured on
potato-dextrose agar (PDA), pH 6.5 incubated at 25°C. Subsequently,
healthy plants were inoculated in an attempt to provoke the same
symptoms under laboratory or greenhouse conditions that had been
observed in the field.

Isolated pathogens from field and artificially infected plants were
examined under the microscope in PDA. Morphological, culture and
pathogenic characteristics were studied to enable identification.

The incidence and distribution of each disease was determined by
sampling in the study areas. Figures stated subsequently refer to the
mean value obtained for the disease in each plot sampled.



Foliar Diseases

DISEASES CAUSED BY FUNGI

Leptosphaerulina trifolii (Rostrup) Petrak

In both mature and young leaves the symptoms of this disease are
small necrotic patches, from 0.5 to 2.3 cm. diameter. The shape of this
spots is variable, rounded or nearly round, oval or irregular (Figure 2a).
They are light brown coloured with a red margin surrounded by a
chlorotic halo (Figure 2b). The dead part falls away with time.

The spots can occur singly or in clumps. More than 100 spots on one
leaf have been observed during severe attacks, leading to complete
necrosis. (Figure 2).

On the upper surface of the spots subepidermal black ascocarps can
be seen. These ascocarps are spherical, 130 - 160 u across (Figure 2b)
with oval asci measuring between 60-90 1 x 3040 u and 8 muriform
hialine ascospores with 3 to 4 tranverse septa and 1-2 longitudinal
septa. The ascospores measure 20-35u x 6-9u. The Leptosphaerulina

FIGURE 2. a) White cocoyam leaf (Xanthosoma sagittifolium) showing Leptosphaerulina
trifolii Damage. b) Leptosphaerulina trifolii lesions with ascocarps.



MAP 2. Distribution of foliar fungi diseases afecting Aroids in Costa Rica. 19010y
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FIGURE 3. a) Concentric leaf spot: Colletotrichum gloeosporioides on leaf of white coco-
yam. b) Detail of concentric leaf spot.

A few spots are formed per leaf, generally scattered, although two or
three may coalesce. They may be found anywhere on the leaf blade. On
the surface of the leaf spots, numerous setose acervuli are found
arranged in a characteristic concentric pattern (Figure 3b). The orange-
pink acervuli measure 70-85p in diameter and contain numerous
unicellular, cylindrical conidia which are straight with roundish ends.
The conidia measure 10-15 x 4-51. Based on morphological characteris-
tics and culture findings, after the taxonomic work of Von Arx (36),
the disease - producing organism was placed within the species Colleto-
trichum gloeosporioides.

Concentric leaf spot has been observed in both white and violet
cocoyam (Map 2).

Only one reference to leaf spot in aroids caused by Colletotrichum
has been found. This cites Colletotrichum capsici damage to malanga in
Kanpur (4).

Corynespora cassiicola (Berk and M.A. Curtis) Wei

First symptoms are small, necrotic, round spots surrounded by a
chlorotic halo which grow until they reach a typical oval form between
1.0 cm and 2.5 cm. in diameter (Figure 4a). The spots are reddish
brown in color with darker edges. They are usually found singly but in
some cases 2 or 3 may coalesce 30 or 40 spots per leaf may occur.
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In the centre of the lesion (Figure 4b), fruiting bodies appear as dark,
nonbranched conidiophores with scars which allow the conidia to
disperse. The conidia are thin, cylindrical and dark green colored with 3
to 10 transverse septae and measure 45-60u x 8-10u.

The fungus was identified by Dr. P. M. Kirk of CMI where the
culture is maintained under the code number IMI 278646.

C. cassiicola has only been observed in taro and is widely distributed
throughout Costa Rica.

FIGURE 4. a) Leaf of Taro Colocasia esculenta showing leaf lesions of Corynespora cassii-
cola. b) Corynespora cassiicola lesions with fruiting bodies.

Cladosporium colocasiae Sawada

In taro leaf lesions are round or roundish brown spots aproximately
1.0 - 2.5 cm. diameter (Figure 5). On the underside of the leaf the spots
are more diffuse and bigger than those on the upper surface. Damage is
seen in both old and young leaves (Figure 6a). If high relative humidity
persists for several days, the leaf surface exhibits conidiophores which
are elongated, dark, branched at the apex and produce conidia in chains
(Figure 6b). The conidia vary in size and shape. Some are rounded and
small with a diameter of 6.3u, others are cylindrical measuring 5-7u by
10-17.5u and other are elongated double cells measuring 5-7 u by
12.5-20u. '

1



FIGURE 5.

FIGURE 6.
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Cladosporium colocasiae in taro leaf.

a) Cladosporium colocasiae leaf spots.

b) Detail.



The disease has been called “‘ghost spot” or “false spot’ because the
damage is completely superficial in the leaf tissue (19).

Cladosporium colocasiae has been reported in Hawaii (28), New Cale-
donia (2), New Hebrides (22) in Samoa, The Carolinas, The Marianas
(27, 34) and India (34). It is a widespread disease of malanga sowings in
the Southern Pacific area but the damage it causes is of little economic
importance.

In Costa Rica it has only been found in taro and is not widely
distributed (Map 2). However, incidence is high (60-90%) in areas where
it does occur.

DISEASES CAUSED BY BACTERIA

Xanthomonas campestris (Panmel) Dowson:
Bacterial marginal necrosis

The first symptoms of this disease are marginal necrosis of the leaf
which can affect the whole margin or just parts. The necrotic margin is
brown and separated from the healthy portion of the leaf by a brilliant
yellow chlorotic halo (Figure 7). On the underside of the necrotic area
a yellow slime forms (bacterial exudate or zooglea).

The bacteria enter through the hydathodes at the edges of the leaf,
where moisture accumulates. There they multiply rapidly and spread to
the substomatal cavity. Later they reach the vascular tissue causing
tracheabacteriosis and, as a consequence, necrosis of the veins. They
also invade the intercellular spaces causing parenchymal tissue necrosis.
The necrosis progresses from the leaf margins to the centre by way of
protrusions (Figure 8) and eventually the whole leaf dries out.

Occasionally the infection develops by way of the petiole. Initially
this appears chlorotic and necrosis progresses from the distal to the
proximal end, of the petroles killing it completely (Figure 9).

The causal agent of bacterial marginal necrosis was identified as
Xanthomonas campestris (Pammel) Dowson, based on morphological,
culture and physiological characteristics.

X. campestris is widely distributed throughout all areas of cocoyam
cultivation (Map 3). It is found in both violet and white cocoyam with
an incidence never less than 40 for both species and up to 90 in
violet cocoyam in some localities in the Atlantic zone. Incidence
percentages in the San Carlos area are lower (20-25%). The disease has
been found in taro but the necrosis is restricted to the leaf margin
(Figure 10).
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FIGURE 7. Violet cocoyam leaf with FIGURE 8. Advanced necrosis in violet

bacterial marginal necrosis. cocoyam,
FIGURE 9. Leaf and petiole necrosis in FIGURE 10. Bacterial marginal necrosis in
white cocoyam. taro.
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MAP 3. Distribution of foliar diseases, coused by bacteria, afecting Aroids in Costa Rica.

Bacterial marginal necrosis has also been observed in wild aroids in
Costa Rica.

In the literature consulted, this disease has not been described or
reported from other countries which cultivate aroids.

Xanthomonas campestris pv. aracearum (Berniac) Dye:
Bacterial spots

Symptoms occur in young and mature leaves as small, round chloro-
tic spots between 4 and 10 mm. diameter (Figure 11). These are
abundant and usually denser at the leaf margins than at the centre
(Figure 12). On the underside of the spots, abundant bright yellow
bacterial exudates (zooglea) are found (Figure 13). Sometimes zooglea

15



FIGURE 11. Bacterial spot in violet cocoyam. FIGURE 12, Detail of chlorotic
leaf spots.

FIGURE 13. Bacterial exudates (zooglea) of Xanthomonas campestris pv. aracearum on the
lower leaf surface.
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can be found on the upper surface of the spot. The zooglea are droplets
formed by rapidly multiplying bacteria, and composed of bacterial
excretion products and remains of infected plant tissue. They are a
means of dispersion and protection for the microorganisms. In severe
infections, spots may coalesce, deforming and killing the leaf which
eventually falls. The bacterium was identified as Xanthomonas campes-
tris pv. aracearum (6).

The bacterium spreads with rain, wind, insects and plant to plant
contact.

In 1977, Berniac (1) described in the Caribean region a bacterial
diseases caused by Xanthomonas dieffenbachiae (Mac Culloch et
Pirone) Dowson, with similar symptoms to “‘bacterial spots”. Later this
organism was designated as (Mac Culloch et Pirone) Dowson, with
similar symptoms to ‘“‘bacterial spots”. Later this organism was desig-
nated as Xanthomonas campestris pv. aracearum (Berniac, 1974) Dye,
1978 (1).

In Costa Rica it has only been found in areas of cultivation in the
Atlantic region in white and violet cocoyam where in some plantings
incidence is up to 95% (Map 3).

The bacterium has also been found in wild aroids exhibiting the same
symptoms. So far it has not been found in taro in any of the study
areas.

17



Diseases in petioles,
corms and roots

BLIGHT

Root rot-blight complex

The first symptoms are chlorosis of the leaf which spreads towards
the petiole. As the disease advances, the above - ground parts of the
plant become chlorotic and growth is stunted (Figure 14). In certain
cases plant death results, others are permanently stunted and periodi-
cally produce one or two new leaves which do not develop normaly and
also wither. Corms that form are few in number and small but no
necrosis is apparent. Root system development is reduced and the
majority of the roots die (Figure 15).

FIGURE 14. Blight in violet cocoyam. .
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FIGURE 15. Root rot in violet cocoyam. NR: necrotic roots.

It has been observed that, from time to time, the plant produces
some roots which allows new leaves to form. The plants can sustain
themselves in this condition for the entire vegetative period.

Isolates and pathological tests have shown that this syndrome is
caused by the combined action of Pythium splendens Brawn, Rhizocto-
nia solani Kuhn = Corticium solani (Prill y Delacr) Bourd and Galz, and
Fusarium solani (Mart.) Sacc. Pythium splendens Brawn was identified
by Dr. D. J. Stamps and the culture is deposited in the IMI of the
Commonwealth Mycological Institute (culture number 278644).

In Costa Rica this blight has been observed in white and violet coco-
yam in the Atlantic region. A considerable incidence (5% - 40%) was
detected in Guapiles, Roxana, Guacimo, Llano Bonito and Cariari (Map
4).

Root rotblight complex has been mentioned as the most important
disease of aroids in Nigeria and Cameroon (16, 20, 26), where it is
known by the name ‘“Apolo disease’. Research in these countries has
shown that the disease occurs mainly in heavy, badly drained soils.
These conditions weaken the plant making it susceptible to the micro-
organism.

19
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MAP 4. Distribution of Root rot-blight Complex in white cocoyam and violet cocoyam in
Costa Rica.

Corticium rolfsii (Sacc) Curzi = (Sclerotium rolfsii) Sacc.

The petioles exhibit a dark green or brown, soft, watery rot (Figure
16).

A white mycelium forms at the base of the petioles and below,
within which small, uniform-sized sclerotia of diameter 0.8 - 1.2 mm.
can be seen. Initially white, they later darken to brown. The mycelium
and sclerotia also develop in the surrounding soil (Figure 17). The
fungus can remain in the soil for long periods of time as mycelia or
sclerotia, even in the absence of susceptible plants. When these are
present, the fungus penetrates immediately, disrupting the invade

20



FIGURE 16. Corticium rolfsii rot in peﬁoles of white cocoyam.

tissue. In certain cases the disease reaches the corms causing rot and
death leading to wilting of the whole plant (Figure 18). This rot has
been found in malanga and both white and violet cocoyam.

It is a widely-distributed disease, occurring in all areas of cultivation
but incidence is low (10-15%).

Corticium rolfsii has been reported as causing aroid rots in Fiji (5,
27, 35), the Philippines (8, 27, 28, 35), Hawaii (27, 28, 30, 35), India
(24), Solomon Isles (11), and Nigeria (15).
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FIGURE 17. Mycelia and sclerotia of Corticium rolfsii.

FIGURE 18, Wilting caused by Corticium rolfsii in cocoyam.
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POST-HARVEST CORM ROT

In packing sheds and in retail outlets taro and cocoyam corm rot is
uncommon (7-10% incidence). However, the following have been
observed and described:

Corticium rolfsii (Sacc) Curzi

Starting as a soft brown coloured rot, this disease quickly progresses
in damp conditions resulting in the rotting of the whole corm in a few
days (Figure 19).

The growth of mycelia and sclerotia on the surface of affected corms
in frequently observed (Figure 19). This is the most common root rot
which appears in corms which have already been harvested.

The disease has been reported in Fiji, the Philippines, Hawaii (27)
and in the Solomon Isles (17, 18, 19).

Erwinia chrysanthemi Burkholder, MacFadden and Mimock

Affected corms exhibit a soft, damp rot. The damaged tissue loses its
consistency and turns a grey-white colour accompanied by a characte-
ristic fetid odor (Figure 20a). This tissue disintegration is caused by
bacterial secretions of pectinolytic and celulolytic enzymes which
dissolve the cell walls causing cell plasmolysis (Figure 20b). The leaking
fluid spreads the infection to other corms, especially during prolonged
periods of high humidity in the storehouses. Identification of the rot as
E. chrysanthemi was made by its morphological, culture and physiolo-
gical characteristics (7).

The bacterium enters the corms via small wounds. In certain cases it
will occur following an attack by Fusarium spp. or Pythium spp. E.
chrysanthemi has previously been reported in aroid corm in the
Solomon Isles (17, 19).

Botryodiplodia theobromae Pat = Diplodia theobromae

This spongy rot has been observed in cocoyam and taro where it
starts off light brown in colour, later turning grey and darkening until it
is almost black (Figure 21). The healthy and infected parts of the corm
are distinct. As the rot develops, mycelia and pycnidia can be seen on
the outside of the corm.

23



FIGURE 19. a) Corticium rolfsii rot in cocoyam corms external view. b) Cocoyam corms.
Internal view of Corticium rolfsii rot.

FIGURE 20. a) Erwinia chrysanthemi in cocoyam corms. b) Detail of rot.
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FIGURE 21. Botrydiplodia theobromae infection in taro.

The mycelia are dark grey and the pycnidia are stromatic, black,
eliptical and clumped, having a mean diameter of 410y.

When immature, the pycnidiospores are brown and hialine. Mature
pycnidiospores are bicellular whith a mean size of 14.2 x 27v.

This rot occurs very infrequently in Costa Rica but is very common
in post-harvest corms in the Solomon Isles (3, 11, 18) and Latin Ameri-
ca (25).

Ceratocystis fimbriata Ell and Halst

This rot occurs in malanga and tiquisque corms. Initially the affected
tissues are light brown in colour and darken later. It is a dry rot and the
edge of the infection is poorly defined (Figure 22a).

Sexual and asexual fruiting bodies of Ceratocystis fimbriata appear
on the affected area as the infection progresses (Figure 22b). These
ascocarp are comprised of very dark, almost black, superficial, spherical
perithecia with a mean diameter of 198y, with a black beak 808y long
and 25u in diameter at the base. The ascospores are hat shaped, charac-
teristic of the species (14, 37), with a mean size of 5.5u x 4.5u. The
asexual fruiting bodies are made up of two types of endoconidia: one
hialine, cylindrical and truncated with a mean size of 24 u x Sy, the
other olive-brown, thick walled and almost spherical with a mean
diameter of 10.7u.

25



Ceratocystis fimbriata infection of Colocasia esculenta has been
reported in China (14) and Japan (23). It has also been reported affect-
ing Xanthosoma sp. in the Dominican Republic (14).

Fusarium oxysporum Schlecht

This disease is found in both tiquisque and malanga corms and
appears as an off white, spongy rot separated from the healthy tissue by

FIGURE 22. a) Ceratocystis fimbriata in taro corms., b) Detail of rot. F: grey-green fruit-
ing bodies.
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a brown border (Figure 23). If it occurs while the plant is growing it
can cause wilting of the aerial portions.

The fungus has a pinky-violet mycelium which colors the medium in
which it is cultured. The macroconidia are numerous, generally three-
septate, slightly sickle shaped and with rounded ends. The microconidia
are cydindrical and generally unicellular. The macroconidia measure
between 25 - 42u x 3.5 - 5.0u and the microconidia 6-11u x 2-3.5p.
These morphological characters coincide with those described for Fusa-
rium oxysporum Schlecht (10, 20).

Fusarium oxysporum rot has been reported from the Solomon Isles
where it is known as “u ulu” (11, 12, 21), and is frequently observed in
corms arriving at markets in Chicago (3). The rot is favored by high
relative humidity and temperatures around 25°C (11).

FIGURE 23. Fusarium oxysporum Schlecht in taro corms.
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