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INFRODUCTION AND REVIEW OF THE ISTERATURE

The Federal Agrieultural Fxperiment Station i St Crox, U8, Vivgin
Islands, has, sinee 1954, been testing papaya varietios (rom adl parts of the
trapical world.

n 1953 a disease was observed altacking several varieties. Waler-
sonked aress on the upper fevels of the stem were observed on all alfected
papaya plants. Fhese areas often appear greasy rather than wel (fig. 1),
The disease Tias been denominated “greasy spol,” and “papaya deeline”

In Hawuii, Bembower (2)% observed waler-soaked spols on the stems of
papaya, and determined them to be caused by Phylophlthore parasitica.

After comparing the symptoms found on papaya plant= in S(, Croix with
those deseribed from Hawan, the writers concluded that the diseases were
different. In Hawaii, the fruils become affected (Ag. 2) and eventually
shrtvel and drop to the ground. Such is vot the case in St, Croix.

Sanples of roots taken from Solo’ papaya plants displiaying the <tem
lesions were sent by air lo the University of Culifornia, Riverside, on
several oceasions, hut no Phytophthora species were jsolated. Papaya decline
wis one of the major eauses of loss of bearing trees duving 3 vears of field-
work in St. Croix (8).

It the spring of 1963 Wellman (72) reported that theve wis a leaf spot
discuse on Urese *Solo’ plants probably eaused by Cereospora. The symptoms
of disease obxerved in the Virgin {shands are diffarent, however, [rom those
reported as caused by Cercospora in Hawaii (/).

Besides the aforementioned waler-soaked spols or greasy spols, the
following symptoms eharacterize the 8t, Croix diseasc:

The foliage of affected plants appears scant, rigid, and generally chlorotic.
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Freo 1. Water soanked wreas on the stems of papaya plints alieeted by the Si,
Uraix discase,
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[Dizeased plants develop un umbrellalike shape (fig. 3) which resembles (had
associaded with papaya bunchy top (3,4), but close ehservation shows thal
this discase is not yeladed to bunchy fop sinee:

I, Tatex issues from the tissues of plants alleeted by the St Chroix
discase.

2. The leafhopper vector of bunchy lop, Fnpoasca papayae, has not beea
found in the papaya felds of St Croix. (In 1946 Martovell and Adsuar (9)

M1, 2—Frt ol Carica papeye allected by Phytophthara parasifica.

did colleet an apparently new species of Empoasea breeding on papaya in
St Croix.)

3. Symptoms of the two diseases differ in many other respects,

In the field the lower leaves of affected plants arve dotled with yellow
spols (fg 4) which vange in size fvow just visible to as large us a silver
dollar. The centers of these spots are generally neerolie, Leaves of affected
plants are often found dried and hanging alongside the steo. In some
instanees, if the petiole is detached from the stem, moist, eankerous lesions
are exposed.

This suggests that the leal-spotting agenl gains aceess Lo and nfeet s
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Fra. 3--Carica pepoya plant affeeted by the 1. Croix deckine discase, This is au
advanced vase ol the malady with typical “peveil-puint ™ effeet .
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stem lissae. Inomany of the plants with the cankerous lesions, the lower
part ol the stem is distorted by bumpy areis (g, 5). We refer 1o Lhis condi-
Bon s “humpy stem.” Buwipy seetions are not found on the stems of all

the plants with a reduced eanopy and other svoiploms ol The disease,
/

Fia. 4. --Neorolic Jesious indueed by Corynespora coxsiicnle on Lhe lenves of papaya
planis of the variety Solo’.

A possibly different ring spotting, as well as ewrling of the leaves, was
observed in several plantations. Noue of these symptoms could be asso-
einled with those of any of the virus diseases that occur in the Claribbean
aven.

sSome of the native (Cruzan) papaya plants are relatively [vee of leaf
spois, but in some individuad cases the malady is severe. The native papayas
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Fic. & Swelling of the lower slem (“humpy stem ™) is olten found in assoeintion
with the deefine disease in (he field. Similar swellings developed on plivits thad were
artifically weulaled with Corgnespora cassiieoli,
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also hecame alfeeted by the hwnpy slem condilion but scem i general not
to be greaily injured by it

OBJECTLVES

Papayit fruits of the *Solo” type are io great demand o the Miami, New
York, and sSan Juan markels. However, certain virus and fungus diseases
himit the produection of 'Bolo’, ax well as other papaya varictics, in the
West Indies. Papaya decline s a very serious disease in some of these
istands. [t was deeided to undertake work on this mulady in an attempt
(0 etuetdate its ctiology, aud also to develop means for it= confrol.

ISOLATION AND INOCULATION STUDIES
FROLATION BIUD] ES

Speamens [rom lesioned wreas ol the stems and from leaf spot-affected,
curled, and ring spotled leaves were collected from various fields in St.
Cronx, washed with tapwater and placed in polycethylene bags. The material
was divided, and part was plated on neidified PDA after surface distnfection
with Clorox? (Log). Another balteh was used for isolation of bacteria, and
a Lhird—with curled and ring=spolted leaves, was ground in order to sceure
sap for mechanieal inoculation of various plant hosts, No bacterin could
he isolated from affected stem or folinge tissues. A series of test plants
helonging to several families and includimg such species ux: Carica papaya
(‘Solo’, Cruzan, aud Puerlo Rican varieties), Phytolacca decandra, Cheno-
podium amaranticotor, Capsicuwm annwnt, Nicoligna tabacum, Nicoliana
glulinosa, and Cuewmis satirus were dusted with carborundum and mechani-
ally inocwlated with the sap expressed from eurled and ring-spotted leaves,
T'en plants of each of the aforementioned species and varietios were inocu-
lated ju each of two freatments and observed daily for a period of 3 months,
None of these plants developed symptoms of disense, thus indieating that
no mechanically (ran=nissible virus is assoviated with the 8t. Croix disense.

The lesioned tis=uaes from the upper parts of the stem, as well as spotted
arens from the leaves yielded several fungt on acidified {(pH 5) potaio-
dextrose agar. Thix included spevies of Fusariune which were discurded as
conlaminants sinee they represented a very minor pereentage of the isolales
in contrast with a fungus that avose [rom about 90 percent of the plated
Ussue bits, This last fungus was characterized by a coltony, gray mycelial
growth, whieh changed the color of the substratum from light carmmel to
dack brown and cven 1o jet black. Microscopie examinalion of bitx of
affected upper <tem, Teal, il petiolar tissues frequently diselosed slender,
evlindrieal comdia (g 6), suggestive of Cercospora, or ovensionally of a

T Peade wmes are used only 1o provide specific information, Their mention im-
phics no guarantee, warranfy, or endorscwent. by the Station,



file://i:/lVJiliHITY
http://frii.il

FUNGUS DISEASES OF PAPAYSY IN THE U5, VIRGIN ISLANDS f43

Fig. 6. Conidia of Corynespora cassifeoln oblained Ivom isolalex grown gn polato-
dextrose ngar.
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Helwinthasporimn, Subeullures of the gray fungus from the plated tssues
formied conidia, always of The same tvpe, and very similar to those detected
ou the aflecied papayn Lissues,

Cultures of 1his fungus were forwarded to M, B Fllis, Commonwenlih
Myeological Institute, IKew, Swrey, Greal Britain, and (o Charles Chupp,
Cornell University, Ithaen, XY, for identilieation. Chupp (3) stated that
the fungus did not helong e the genus Cercospora. Iiis (7) dentified the
fungus as Corgnespora cassiieola (Berk, & Curl.) Wel,

In 1950 Wei (743 stated that Cercospore wwctonts and (. pignicola (or
{Telminthosporivm vigrae), were species of Corgnespora. e found that 16
colleetion= on 1 hosts from the Tropies, previously wdentified as Helwarntho-
spartiin eassricola alzo helonged to Corgrespora, Wei helieved Corgnespora
to be o valid genos, probably most elosely related to Heluanthosporiuwm
which has the swme tyvpe of conidial structure, The writers agree, although
they have observed that the shape and Tength of conidia ol (', eassiieola
wis somewhat vartable. Conidia formed on papaya plants ave generally
frge, slender, and hght olive in color, and at fimes almost hyaline. Those
produced on acidified PIDA by (he same fungus are genceally eylindrical
and thieker, their eolor ranging lrom light-brown to davk hrown, In the
first case (he conidia look rather like those of Cercospora, while in the second
they are more suggestive of Helminthosporiwm. There is no question,
however, as to the validity of Elhis identification of our cultures. Descrip-
tions of the fungus are given by Wet {(1/) and Lillis ().

INOCULATION STUNDIES

Dioculations with . cassiieola

Myechal mats of cwltures from the =ame solates that were forwarded
Lo 1z, were suspended in stevite distilled water, This material was homoge-
nized in oa sterile Waring Blendoy, and the supernatant liquid was trans-
ferred to a stevile 230-ce. lrlenmeyer finsk, Por inoculation the supernatant
lguor was stivred and transferred to a DeVilbliss No. 131 wlomizer. The
suspension was impelled by air af 20 pounds psi. and divected from a
distance of approximately | foot 1o the folinge and stems of the test plants,
Six hundred healthy 1-foof *Sole’ papava plants growing in six different
flit= were inoculated in the deseribed manuer, After the plants were inoceu-
lated the flats were (ransferred o a moist ehamber and kept at 90- to
100-pereent relative huwnidity. A et of 100 control plants growing wuder
the same conditions were sprayed with sterile distilled water, and then
transferred to a chamber that was also kept at the same relative hamidity
wd Lemperature (£83° 19)).

At the eud of about 4 davs the leaves of most of the inoculated planis
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developed sl round, yellowish water-sonked arcas, These, spols were
aboul one-ctghitle ineh in dimmeler and their cenfers weve slightly grayish
m color, suggesting tissue breakdown, The sucenlent greew parts of the
upper stems developed greaselike spotsin places, These move or less lenlicu-
L spots were of the sne general size as the leaf spots, Their eenters were
ohserved (o be breaking down also. MMer a week the leal lesions on the
moculated plants beeame visibly larger and, in some cases; coaleseence of
lestons reswdted in the breakdown of entive leaves, Neerosis was ilzo evident
ou the petioles and lower parts of the stems of some inoculated plants, The
older upper-stent lesions were gumimy, and wany of them were ervoded at
this time. The control plants remained healthy throughout this test,

Al the end of 8 davs the control and test plants were taken out of the
moizt chambers and inio the greenhouse, Dropping of infeeted leaves wis
common, At thnes these hung along the stem without becoming fully
abscissed. The spots on (he leaves and the water sonked aveas of the sten
were like those encountered in the field. At ihe end of about | month most
ol the inoculaled plants had lost their lower leaves with only four or five
of the youngest remaining, A nwwber of plants were completely defoli-
ated, and apical neerosis resulied i several instanees,

Two months Iater conditions in the greenhouse beeame extromely dry,
a number of plants markedly improved, and =ome lost all svmptoms of
disease. These planls were amoung (hose that had retained a good leal
CHLHODY. ' '

Oue week, Two weeks, three weeks, and one and a hall months after
inocwlation, Corynesporg was vecovered from stem, leaves, and peliola
lestons of the wrtificially inocualated plants, Caltures thus obtained (g 7)
were found to be wdentieal with the orteinad ixolade,

Three months after inoculation some of the “recovered” planis were
found to be =till vigorous and healthy, while others showed fittle or no
progress. Many of the artificially moculaled plods with Jesions on theiw
lower stems had developed, at this stage, sigeable bumps, Similar results
were obtained in a second lest using subewltures from the oviginal isolafes.

Since Olive, ef al, (10) had reported that race | ool Heliwdnthosporinm
rignae (O, cassiicola) lost j(s pathogenmeily after three ov four transfers, we
repeated the tests desceribed above, using the same jsolates after fowr frans-
fers on acidified PDA. Not a single papaya planl developed svmptons of
dizease; this beyond doubt shows that vivalence was Jost on trmsferring
(his organism in the mediunm used.

Drocwdations with Botryod ipladia
While the above-reported work was heing eaveied out the third author
was atlemplnog to solate organiss from alfeeied papaya rool= and stems
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Fic, 7. Slender eonidin of Corgnespora cossifeola recavered from artificinlly
inoeulated voung Caviea papryo plants of the varioty *Solo’,
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Fig. 8.-A, Seven-month-old papaya seedling of the variciy "Sofo” srtificially in-
aculated with PDA disks containing 24-hour-old eulture of {he isolate (814) ol Sur-
ryadiplodie spp. After 5 davs water sonked conkers caused death by giedling, 13 i
an uninseulated conteod plant.

forwarded by wir to California. The (rst samples yielded several fungi,
ieluding a species of Pythium. However, none of these organisms was
consistently associated with the lesions. Samples received subsequently
from 81 Croix yiclded u fungus with dark myeclium and dark 2-celled
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Fig. 9. Closeup of o water-soaked cunker developed after inoculalion with 84,
Balrywdiplodica,
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conidia. This fungus, a species of Bolryodiplodia, was consistently isolaled
from water-soaked stem lesions, 1t formed numerous py enidia on the tranks
of affected papaya plants.

Inoculations of small (12 to 18 inches tall) papaya seedlings (‘Sole’
varicty) in the greenhouse at Riverside, Calif., with wyccliun of the
Botryodiplodio isolated, resulted in severe necrosis of stems (iigs. 8,9)
within a week after inoculation. The same fungus was reisolated from the
lesions,

DISCUSSION

It appears to us that most of the symptoms of the papaya-decline syn-
drome were reproduced under coulrolled conditions in Puerto Rico by
inoculation with Corynespora cassiicola.

(. casszicolo is a highly pathogenic organism, afthough it loses its viru-
lence alter series transfers through arlificial media, In 8t Croix it ean be a
dangerous pathogen in papaya orchards recciving poor care. Manzale D
gives satisfactory eontrol if applied every week or 10 days at the rute of
114 pounds per 50 gallons of water. There is suggestive evidence that there
may be herifable factors for resistance. A good many wild papaya plants
show no symptons, and old uatended ‘Bolo’ orchards usually have a scat-
tering of trees 1hat remain vigorous and fruittul, even though they have
light infections of Corynespora on the leaves. Helections from such plants are
now under observation at the Federal Experiment Station, St. Croix, U.S.
Virgin Islands.

It s not known with cerfardy what role Botryodiplodia may be playing
in the papays deeline syndrome. It 18 possible that many of the moist
cankers that have been attribuled by us to Corgnespora may actually have
heen induced by Botryodiplodia. Further vescarch is needed to elucidate
the ctiology of the soft cankers of papaya plants in 8t. Croix.

SUMMARY

Corymespora cassideolo (Berk, & Curl.) Wet, and o speeies of Balryo-
diplodia were consistently isolated from various tissues of Carica papuy
plants affected by the papayn deeline disease. Young papaya plants of the
Bolo” variety were suceessfully inoculatod with the aforementioned fungi.
Most of the symptoms of the decline disease developed on papays plants
after inoculation with Corynespora. Severe stem neerosis of papaya plants
vesulted from inoculation with Belryodiplodia. C. cassiteola loses ils viru-
lence after servies transfers through artificial media. '

RESUMEN

se logré reprodueir la mayoria de los sintomas del mal comin de la
papaya de Santa Cruz después de inocular plantas de papaya de la vaviedad
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‘Solo” con ol hongo Corynespora cossiicola (Berk, & Curt.) Wel. Se produjo
una severa neerosis del tallo cuando se inoculd Tn mencionada variedad con
una especie de Bolryodiplodia. C. cossidcola pordié su virulencia al {trans-
ferirse en serie, en un cultive artificial.
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