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INTRODUCTION

The culture of papaya (Carica papaya 1.) in Puerto Rico was limited
mostly to home gardens until a few vears ago. Recent introductions of choice
papaya varieties has increased the demand considerably in Puerto Rican
and New York markets for this tropical fruit. The municipalities of Agua-
dilla, Isabela, Camuy, Hatillo and Carolina are among those areas in which
papayas are grown in Puerto Rico on a commercial scale.

A total of four million pounds of fresh papayas were harvested in 1965
and 1966, furnishing Island producers a gross income of $134,800. Produc-
tion, however, was extremely low in 1867 and 1969. Only 34 million pounds
of fresh fruits were harvested during the latter year (4).2 Spread of several
fungal and viral diseases in all likelihood is directly, as well as indirectly,
related to such production decline. Among the fungal diseases that occur
most commonly (5), is a leaf spot caused by Pucciniopsis caricae Speg. and
a fruit rot caused by Collectotrichum spp. “Bunchy top,” believed to be
caused by mycoplasma (72), and two mosaic diseases, also affect produc-
tion of papaya in the Island (3,1).

A new foliar disease of papaya, caused by the fungus Corynespora cassii-
cola (Berk. and Curt.) Wei, was reported in 1966 from St. Croix, Virgin
Islands (2). This disease was considered to be a threat to the future success-
ful cultivation of this crop in Puerto Rico due (1) to the close proximity of
St. Croix and (2) to the frequent shipments of Solo papaya fruits to the
San Juan markets. A survey was initiated to determine whether or not
the fungus was already present in the papaya plantings of Puerto Rico.
Studies on the biology of the fungus were conducted using an isolate
originally obtained from infected papayas in St. Croix and isolates obtained
during the survey. The present report includes the results of these investi-
gations.

REVIEW OF LITERATURE

Corynespora cassticola (Berk. & Curt.) Wei, the causal agent of “greasy
spot” or “papaya decline” in St. Croix, U. 8. Virgin Islands (2), is a rela-
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Rico, Rio Piedras, P.R. Thanks are due to Mr. Aredngel Rodriguez for assistance
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2 [talic numbers in parentheses refer to Literature Cited, p. 425.
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tively new pathogen in the New World. It was reported for the first time in
1945 as Helminthosporium vignae Olive, Bain and Lefebvre and designated
as a pathogen of cowpea (Vigna sinensts) and soybean (Glycine mazx) (7).

The fungus had been reported since 1945 on sesame (Sesamum indicum)
and okra (Hibiscus esculentus) (11), on two species of cotton (Gossypium
hirsutum and G. barbadense) (6) and on several other crops (8,9).

The first report of the occurrence of the fungus on papaya (Carica
papayae L.) was from the Philippines in 1923 (13). Leaves sent to the
Commonwealth Institute Herbarium in England were affected by a fungus
which H. Sydow described as Helminthosporium papayae. Stevens (10) in
1930 isolated a fungus in the Philippines that caused severe leaf spotting of
papaya, which was similar to that described by Sydow. Symptoms of the
disease were reproduced on healthy papaya plants inoculated with the
pathogen under controlled conditions.

A seemingly new disease affecting several varieties of papaya in St.
Croix was observed by Bird ef al. (2) in 1955. Diseased plants had water-
soaked areas on the upper parts of their stems as well as on the petioles
and leaves. The disease was given the common name “greasy spot’ because
affected areas often appeared greasy rather than wet. The fungus isolated
from diseased trees was identified as C. cassiicola. Pathogenicity studies
revealed the fungus to be highly pathogenic to papaya.

MATERIALS AND METHODS

ISOLATING AND CULTURING THE FUNGUS

Three isolates of Corynespora cassiicola were obtained from diseased
papaya trees through single-spore isolations during the course of these
studies. These were the ‘“Santa Cruz” isolate obtained from diseased
Solo papaya leaves from St. Croix; the Gurabo isolate obtained from dis-
eased stems and petioles of papaya hybrids in the Gurabo Substation; and
the Isabela isolate obtained from diseased Puerto Rican papaya trees in
the Isabela Substation.

Diseased plant material (leaves, petioles, and stems) to be used for
single-spore isolation was washed with tap water, surface-disinfected with
clorox (10 percent solution) for 5 minutes, rinsed with distilled water and
placed in a moist chamber. Twenty-four hours after the plant material
was placed in the moist chamber, conidia could be observed on some of the
older lesions with the aid of the dissecting microscope. Conidia were picked
up with a sharp needle and placed in the middle of Petri plates containing
potato-dextrose agar (PDA). Cultures were incubated at 28° C. and trans-
ferred montly to fresh PDA.

V-8 juice agar (V-8A) was used to induce sporulation of the fungus. The
medium was prepared by mixing 200 ce. of V-8 juice with 800 ce. distilled
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water and 20 g. of Bacto Agar. This resulted in the production of abundant
conidia and mycelium for inoculation purposes.

PATHOGENICITY STUDIES

Inoculation of Solo Papaya Plants

A total of 48 two-month-old Solo papaya plants were inoculated with
single-spore cultures of the St. Croix, the Gurabo, and the Isabela isolates
of C. cassticola. The inoculum was prepared by blending a 12-day-old cul-
ture of each isolate in a Waring Blendor for 5 seconds at the rate of one
Petri dish culture per 100 ce. of distilled water, plus one drop of detergent
(Triton). Plants were inoculated by wetting the leaves, petioles and stems
with a camel’s hair brush containing inoculum. Control plants were treated
with a suspension of sterile PDA. Inoculated plants were covered with
white polyethylene bags and placed on a bench in the greenhouse (84° I. =+
5). Twenty-four hours after inoculation, the bags were removed and the
plants left on the bench for the duration of the experiment.

Inoculation of Puerto Rican Papaya Plants

The aforementioned techniques also were used to inoculate local papaya
plants; however, single-spore cultures of the three isolates were established
on V-8A, and the cultures were only 10 days old when used as inoculum.

GROWTH STUDIES

Effect of pil

Only the Gurabo isolate was studied in this experiment. Eight-day-old
cultures of the fungus grown on PDA were cut into 8 mm. discs containing
only hyphal tips. Each 15 cc. PDA dish was seeded with one of the discs
and incubated at 28° C. The particular PDA medium had been adjusted
previously to the desired pH with either lactic acid at 25 percent or normal
NaOH. pH values of from 3 to 12 were tested and a total of 12 plates were
included in each treatment. Radial growth measurements were taken 6
days after incubation.

Effect of Temperalure

All three isolates of C. cassiicola were tested to determine temperature
requirements as well as the optimum, maximum and minimum tempera-
tures for growth. Five mm. discs were cut from fresh cultures of each isolate
and introduced into Peiri dishes, each containing 15 ce. PDA. Seeded
plates were incubated at 8°, 12°, 16°, 20°, 24°, 28°, 32°, 36°, and 40° C. for
6 days, after which colonies were measured.
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Effect of Various Culture Media on Growth and Sporulation

The following culture media were tested for growth and sporulation:
cornmeal agar (CMA), oatmeal agar (OMA), bean pod agar (BPA), V-8
juice agar (V-8A), nutrient agar (NA), papaya agar (PA), and potato-
dextrose agar (PDA).

PA was prepared by macerating 200 g. of papaya fruit in a Waring
Blendor for 2 minutes. The resulting juice was passed through cheesecloth
and mixed with 20 g. agar. Distilled water was added to complete 1,000 ml.

The Gurabo isolate was used throughout this experiment. Eight-mm.,
PDA discs containing hyphal tips of the fungus were cut with a cork borer.
Fresh plates of each media were seeded each with a disc and incubated at
28° C. for 6 days, after which the diameter of each fungal colony was
recorded.

Visual examination of the density of each colony also was recorded. The
following rating was established to evaluate the fungal growth within each
medium studied:

Rating Description of the colony
1 Colony nearly transparent, no aerial growth
2 Colony very thin, mycelium sparse, no aerial growth
3 Colony thin, no aerial growth
4 Mycelium thick, some aerial growth
5 Mycelial mat thick or very dense, abundant aerial mycelium

The following formula was used to estimate the total growth of the
fungus on each medium: m?h, where # = 3.14, r = the radius of the colony,
and & = height or thickness of the colony according to the rating given by
visual examination.

Conidial production on each medium was determined from cultures 7,
9, and 11 days old. A plate (containing medium and fungus) was emptied
into a Waring Blendor, diluted with 50 cc. distilled water and macerated
for five seconds. A drop of the suspension was placed in a blood haemacy-
tometer (Hausser Hy-Lite Plate) and the conidia counted under low magni-
fication of the compound microscope. The average number of conidia
present in 1 sq. mm. of the haemacytometer was multiplied by 10,000 and
the total number of conidia per cc. calculated.

CONIDIA AND CONIDIOPHORE MEASUREMENTS

The description of the Gurabo and Isabela isolates is based on the meas-
urements at random of 100 conidia and 50 conidiophores each of both
isolates. Diseased leaves were collected in the field, washed with tap water,
rinsed with distilled water, and placed in o moist chamber for 48 hours
after which time large numbers of conidia and conidiophores were observed.
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Measurements were made under low magnification of the compound
microscope.

EXPERIMENTAL RESULTS
OCCURRENCE OF (. cassiicola 1IN PUERTO RICO

A number of papaya fields throughout the Island were checked for
presence of the fungus during 1966. Plantings established in the Gurabo
and Isabela Substations, as well as in the Solis field in the Main Station,
were affected by the disease. In the Isabela Substation, trees of both Solo
and Puerto Rican varieties were affected equally. Diseased plants showed
severe spotting, often involving the whole leaf area as well as the petioles

Fic. 1, A.—Lenticular spots induced by Corynespora cassiicola on a petiole of a
Solo papaya plant.

and stems. Young spots were small, yellowish brown and water-soaked.
On the leaves they appeared very clearly as minute, transparent areas
when viewed against the light. Old spots were circular to irregular, generally
brown with whitish centers and surrounded by a yellow border. These
spots were 2 to 10 mm. in diameter and appeared on both leaf surfaces.
Spots on the petioles and stems were lenticular in shape (figs. 1, A, 1, B and
1, C). Length varied from 3 to 5 mm. but width was generally constant
(2 mm.).

Single-spore cultures of the fungus were obtained repeatedly from
spotted leaves and petioles of both Solo and Puerto Rican papayas when
kept in moist chambers. Colonies established on PDA were cottony and
gray and changed the color of the medium to dark brown or jet black
after 10 to 12 days. These characteristics were similar to those described
by Bird et al. (2) for the “greasy spot” fungus isolated from diseased
papaya in St. Croix.
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Fi1e. 1, B.—Lenticular spots induced by Corynespora cassiicola on petioles of
Puerto Rican papaya plants.

Fig. 1, C.—Lenticular spots induced by Corynespora cassiicola on s stem of a
Puerto Rican papaya plant.
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The morphology of the fungus was studied on diseased leaves collected
from Gurabo and Isabela and compared with the morphology of the fungus
from diseased leaves obtained from St. Croix. No significant morpho-
logical differences existed between the three isolates. In general, conidio-
phores were dark brown, single, erect to slightly curved, unbranched, with
a swollen basal cell, had 4 to 12 septations, and measured 102 to 374 u X
3.1 to 11.9 p in diameter. Conidia were borne singly, occasionally catenulate,
connected by a hyaline isthmus to the conidiophore or to the conidium
below. They were light brown to almost hyaline, cylindric to obclavate-
cylindrie, straight to slightly curved, 2 to 16 transverse pseudoseptations,

Fig. 2, A.—Conidia of Corynespora cassiicola connected by a hyaline isthmus
(arrow).

with bipolar germination and measured 51 to 306 u X 8.7 to 13.6 u in
diameter (figs. 2, A, 2, B, and 2, C).

PATHOGENICITY EXPERIMENTS

Inoculation of Solo Papayae Plants

Twenty-four hours after inoculation, minute, water-soaked areas oe-
curred on both leaf surfaces of plants inoculated with the three isolates.
Three days after inoculation, leaf spots were large and the petioles as well as
stems of inoculated plants showed water-soaked lesions which were len-
ticular in shape (fig. 3). The foliage of diseased plants turned yellow and
hegan to abscise.

Ten days after inoculation, the diseased plants had lost most of their
leaves except for 2 or 3 young apical ones. These apical leaves gave an
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umbrella-like appearance to the test plants (2). Control plants remained
healthy throughout the duration of the experiment. The fungus was re-
covered from all the inoculated plants.

o - b b VI

Fic. 2, B.-—Conidia of Cory iespora cassiicoia obtained on potato-dextrose agar.

C °

Frc. 2, C.—Bipolar germination of Corynespora cassticola.

Symptoms induced on the plants by the three isolates were similar. All

three invaded the leaves, petioles and stems and proved equally pathogenic
to this papaya variety.

PP
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Inoculation of Puerlo Rican Papaya Plants

Symptoms of these plants were observed as early as those on Solo papaya
inoculated with the fungus and at first followed the same pattern. However,
3 days after inoculation, spots on the leaves were of various sizes (2 to 15
mm. in diameter) and irregular in shape. The leaves of some of the inocu-
lated plants appeared scorched and had large coalescing, light brown
lesions. The petioles and stems had lesions that were 3 to 6 mm. long, circu-
lar to lenticular in shape, but more numerous than those observed on Solo
papayas (fig. 1, B). One week after inoculation, 90 percent of the inoculated

FiG. 3.—Symptoms induced by Corynespora cassiicola on the stem of a Solo papaya
plant 3 days after inoculation.

plants were defoliated. Those leaves which remained on the trees showed
spots which were gray in color and very irregular. All three isolates of the
fungus behaved more or less similarly, except that symptoms induced by
the Santa Cruz isolate appeared later than those induced by the other two
isolates.

GROWTH STUDIES

EFFECT OF rH

The fungus was favored by low hydrogen-ion concentrations, although
it grew well on a wide range of pH values. The optimum initial pH for
radial growth lies between 7.0 and 8.0 (fig. 4); however, it grew well on
media adjusied to pH values of from 5.0 to 9.0. Radial growth was very
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poor at pH values of 3.0, 4.0, 10.0, and 11.0. Growth did not occur at a pH
of 12 (fig. 4).

EFFECT OF TEMPERATURE

Radial growth increased with increases in temperature up to 28° C,,
which was optimum for all three isolates (figs. 5 and 6). There was a drastic
drop in radial growth of all isolates when grown at temperatures above

70 r

AVERAGE DIAMETER OF COLONIES {MM)

pH

Fia. 4.—Average size of colonies of Corynespora cassiicola after 6 days’ incubation
on PDA at different pH values.

32° C. The maximum temperature at which growth occurred was 36° C.,
the minimum 12° C. None of the isolates grew at 8° and 40° C. (figs. 5
and G).

EFFECT OF THE CULTURE MEDIA

PA and V-8A were the best media for radial growth of the fungus. They
were followed by BPA, NA) PDA; OMA and CMA. Based on visual exam-
ination of the density of the fungal colonies on each medium tested, the
following ratings were given: V-8A and PA = 5, BPA and PDA = 4,
OAIA = 2, and NA = 1. Colonies on V-8A and PA were dense and raised.
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Fic. 5.—Size of colonies of three isolates of Corynespora cassiicolu after 6 days’
incubation on potato-dextrose agar at different temperatures.

Fie. 6.—Radial spread of Corynespora cassiicola after 6 days incubation at differ-
ent temperatures. Upper row (L to R) 28°, 32°, 36°, and 40° C; lower row (L to R)
8°,12°, 16:°, 20°, and 24° C.
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By using the formula given previously, growth on both these culture media
was approximately 6 times that on NA, the poorest medium. The chara-
teristics of the fungal colonies on each culture medium were as follows:

1. CMA—Colony gray to white, growth appressed and sparse. Fungus
changed the medium to olive green around the colony and to brown under
the colony.

2. OMA—Colony white with brown to dark ramifications, very thin,
mycelium sparse, the medium around the colony remained white, but
changed to brown under the colony.

3. NA—Colony white, oily, transparent, no aerial growth, medium
remained unchanged.

4, BPA—Colony yellowish brown, medium under the colony was
changed to dark brown or black while that around the colony remained
unchanged; some aerial growth was present and the mycelium was thick.

5. PDA—Colony gray (chinchilla), sometimes forming white sectors,
mycelium thick, aerial mycelium occasionally present. Medium changed to
dark brown or to jet black in old cultures.

6. PA—Colony whitish with raised center, floccose (cottony or wooly),
tuft and dense.

7. V-8A—Colony whitish with raised center, floccose or wooly, dense,
tuft.

All colonies, except those on OMA, had smooth or regular margins.

The effect of each medium on sporulation by the fungus is shown in fig. 7.
The best media for growth of the fungus were also best for sporulation.
Sporulation on NA was very poor, and sporulation did not oceur on CMA.

DISCUSSION

The fungus has been found in relatively few of the papaya plantings of
the Island. This possibly is an indication that the pathogen is relatively new
to Puerto Rico. The Puerto Rican papaya obviously is as susceptible to the
fungus as the Solo papaya of St. Croix; naturally infected trees in the field,
as well as artificially inoculated ones, develop severe symptoms of the
disease.

The fungus doubtlessly soon will be spread throughout the Island. It
thus will be advantageous to growers to iniliate spray programs to protect
their crops of papaya from invasion by this pathogen. In Ilorida (8),
fungicides such as Maneb or Zineb, applied every 7 to 10 days at the rate
of 2 1b./100 gal. of water, have proved effective in controlling this fungus
on hydrangea and azalea. In St. Croix (2), Maneb applied every 7 to 10
days at the rate of 114 1b./50 gal. of water, gives satisfactory control of the
disease on papaya.

LEvidence presented in this paper indicates that the three isolates of (',
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cassticola (Santa Cruz, Gurabo, and Isabela) studied are identical. Spencer
(9) studied 14 isolates of the fungus from four different hosts and found
at least two distinguishable races, based on symptoms expressed by two
plant species of 24 tested. In our studies, the three isolates were similar in
growth habits in culture media, in response to varying temperature, in
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Fic. 7.—Effect of different eulture media and age of culture on production of
conidia by Corynespora cassiicola. The media employed were papaya agar (PA), V-8
juice agar (V-8A), bean-pod agar (BPA), potato-dextrose agar (PDA), nutrient agar
(NA), and cornmeal agar (CMA).

symptoms expressed by the hosts, and in morphology. In morphology, they
compared to Wei’s (14) deseription of the fungus except that conidia on the
spots of diseased plants were much longer. All three isolates were highly
virulent on the Solo as well as on the Puerto Rican variety of papaya.
However, when plants of both varieties were inoculated with cultures which
were maintained in the laboratory for & month or more, the fungus failed
to infeetl the plants, This strongly suggests that the fungus loses its virulence
ahen kept for prolonged periods in the laboratory. This phenomenon also
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was observed by Olive ef al. (7) and Bird et al. (2). Therefore, if patho-
genicity trials conducted with the fungus are to succeed, the inoculum
should be obtained from either fresh cultures established from fresh conidia
produced on lesions in the field or from diseased plants kept in the green-
house.

SUMMARY

The fungus Corynespora cassticola (Berk. & Curt.) Wei, causal agent of
“greasy spot’’ or “papaya decline’ in St. Croix, was found invading papaya
plants of both Solo and Puerto Rican varieties in the Gurabo and Isabela
Substations and in the Solis field in the Main Station. Plants of both
varieties in the field appeared severely affected by the fungus as evidenced
by heavy spotting on the foliage and the stems and by premature defolia-
tion of the trees. Pathogenicity tests conducted with three isolates of the
fungus isolated from Gurabo (Gurabo isolaie), from Isabela (Isabela
isolate), and from diseased-papaya plants from St. Croix (Santa Cruz
isolate), proved that it is highly pathogenic to both Solo and Puerto Rican
papayas. Optimum temperature and optimum pH for growth of the fungus,
as well as the best medium for growth and sporulation, were determined.
Cultural characteristics, response to varying temperatures, morphology,
and symptoms expressed by inoculated plants of both papaya varieties
were similar for all three isolates studied.

RESUMEN

Se determiné que el hongo Corynespora cassiicola (Berk. & Curt.) Wei,
que causa el tizén de la papaya en la isla de Santa Cruz, también causa la
misma enfermedad en Puerto Rico. El organismo se aislé de plantas afec-
tadas de las variedades Solo y Puerto Rico procedentes de predios experi-
mentales y comerciales. La enfermedad ataca la papaya severamente en
los llanos costeros hiimedos y en las dreas montaiiosas de la costa norte de
la Isla. Se caracteriza por la presencia de numerosas manchas foliares y
lesiones lenticulares en los tallos y peciolos. Las lesiones varian en tamafo,
dependiendo en buen grado de la humedad prevaleciente. Bajo condiciones
6ptimas para su desarrollo, esta enfermedad de la papaya puede causar la
total defoliacién de los drboles afectados.

En pruebas llevados a cabo bajo condiciones contraladas se confirmé cue
el organismo causante es muy virulento, particularmente en las variedades
Solo y Puerto Rico. También se determinaron las condiciones Gptimas para
su crecimiento v esporulacién. Todos los subcultivos estudiados mostraron
ser idénticos morfoldgicamente y su comportamiento fue similar a tem-
perafuras varias y diversos valores pH. Igualmente demonstraron poseer
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el mismo grado de virulencia respecto a las variedades de papaya men-
cionadas.
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