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ABSTRACT

Nishijima, K. A., Couey, H. M., and Alvarez, A. M. 1987. Internal yellowing, a bacterial disease of
papaya fruits caused by Enterobacter cloacae. Plant Disease 71:1029-1034.

A disease of papaya fruits was observed in Hawaii in fully ripe fruits that was characterized by soft,
yellow, discolored flesh with diffuse margins and an offensive odor. The causal bacterium was
isolated repeatedly from diseased fruit, hot-water treatment tanks, papaya flowers, and the crop
and stomach of the oriental fruit fly (Dacus dorsalis). On the basis of biochemical and
physiological characteristics, the bacterium was identified as Enterobacter cloacae. Fruits became
increasingly susceptible to E. cloacae as they ripened. Hot-water-treated fruits had lower disease

incidence than untreated fruits.

In 1984, a new quarantine system was
developed to disinfest Hawaii-grown
papayas (Carica papaya L. ‘Kapoho
Solo’) of fruit flies (4). In this system,
fruits were selected on the basis of fruit
color to minimize fruit fly infestation and
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treated with hot water in two stages, 42 C
for 30 min and 49 C for 20 min. To
monitor the effects of the system on fruit
quality and fruit fly survival, we regularly
sampled commercial fruit and ripened
and dissected them in the laboratory.
Diseased tissue was observed frequently
in the area surrounding the seed cavity.
Symptoms included yellow, discolored
flesh with diffuse margins and an
offensive odor. No external symptoms
were observed. The symptoms were
similar to the later stages of the purple-

stain disease of papaya caused by
Erwinia herbicola (16). In the latter
disease, internal vascular and parenchyma
tissue are purple. The stain eventually
fades, and flesh in the discolored area
becomes soft and yellow and has an
abnormal odor and flavor. In the present
internal yellowing disease, however,
purple stain was not observed in
naturally infected fruit. The bacterium
that was isolated did not produce purple
stain in culture or in inoculated fruit.
This paper reports a study of the causal
organism of the internal yellowing
disease of papaya.

MATERIALS AND METHODS
Culture methods. Initial isolations
were streaked or plated on nutrient agar
(NA), tetrazolium chloride agar (TZC)
(10), Miller-Schroth agar (MS) (15), or
peptone-yeast extract agar (PY: 10 g
peptone, 5 g yeast extract, 5g NaCl, 15 g
agar, and 1 L distilled water) (5). At least
three successive single-colony isolations
were made to ensure purity. Cultures
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were incubated at 30 C and maintained
on yeast extract-dextrose-calcium carbon-
ate agar (YDC) (24) or King’s medium B
(KMB) (11) and stored at room
temperature in sterile distilled water
(SDW) in tubes.

Isolation methods. Vascular or paren-
chyma tissues from papaya fruits that
showed purple or yellow discoloration
were aseptically excised, dipped in 0.5%
sodium hypochlorite, drained on a clean
paper towel, and rinsed in SDW. Tissues
were crushed in about 5 ml of SDW with
sterile mortar and pestle and streaked on
agar media.

Sources of inoculum. Isolations were
made from water tanks used in processing
papayas, washes of papaya fruits, leaves,
and flowers, and the crop and stomach of
the oriental fruit fly (Dacus dorsalis
Hendel), one of the major insect pests of
papaya (22).

Water samples were collected from the
hot-water tanks at four papaya packing-
houses and from the cold-water culling
tank at one packinghouse on the island of
Hawaii. Samples were filtered through a
3-um pore size polycarbonate membrane
(Nucleopore Corp., Pleasanton, CA),
collected in sterile test tubes, diluted to
several dilution concentrations, and
plated on YDC and MS media.

Plant parts for washes were collected
from a papaya orchard in Keaau, HI, and
washed separately in sterile beakers (2 L)
with 50—100 ml of SDW. The liquid was
filtered, then streaked on PY, TZC, and
MS media.

Specimens of oriental fruit fly (D.
dorsalis) were collected from papaya
fields in Keaau, HI, and dissected under
aseptic conditions. The crop and
stomach of each fly were excised, surface-
sterilized separately in 0.25% sodium
hypochlorite, rinsed in SDW, and
dissected into a drop of SDW. Loopfuls
of this suspension were streaked on PY.

Identification tests. Based on initial

tests (20,21), preliminary results on API
20E strips (Analytab Products, Plainview,
NY), and descriptive information in
Bergey’s Manual of Systemic Bacteriology
(12,17), we concluded that the bacteria
associated with internal yellowing
disease were members of the Entero-
bacteriaceae but were not in the genus
Erwinia. To further identify the pathogen,
eightstrains, PV-5, YP-16, WT-2, WT-3,
Dd-18, Dd-23, Wa-10, and Wa-23,
selected from various sources, were
compared with purple-stain strains PP-1
and PP-2 and Erwinia herbicola strain
Eh-1, from A. M. Alvarez, and the type
strain of Enterobacter cloacae (Jordan)
Hormaeche & Edwards, ATCC 13047.
The phenylalanine deaminase test was
done according to the methods of Ewing
etal (6). Acid production from cellobiose,
lactose, raffinose, and a-methyl-D-
glucoside tests were done according to
methods of Schroth and Hildebrand (21)
and pectate degradation according to
Hildebrand (9). The API Analytical
Profile Index and API 20E strips were
used according to manufacturer’s
instructions. Strips were incubated at 30
Cfor 18-24 hr. All tests were done at least
twice. Cell measurements were made
under a light microscope from Gram-
stained cells, and flagella were stained
with uranyl acetate and observed withan
electron microscope (Hitachi HS-8-1).
Pathogenicity tests. Healthy fruits,
about one-fourth to one-half ripe (based
on external yellow color), were selected
from field collection bins at several
packinghouses and were inoculated with
bacterial suspensions or SDW (for
control). Bacterial strains were grown on
YDC or PY at 30 C for 24-48 hr, and a
bacterial inoculum of about 10° colony-
forming units (cfu) per milliliter was
prepared for each strain. Fruits were
wiped with 70% ethyl alcohol before
inoculation. Each fruit was injected with
about 0.5 ml of the bacterial inoculum or

Fig. 1. Internal yellowing of papaya caused by Enterobacter cloacae. Note translucent appearance
of the naturally diseased fruit (left) compared with the healthy fruit (right).
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SDW at separate inoculation sites, about
5 c¢cm apart, with a sterile tuberculin
syringe (3 cc) fitted with a 25-gauge
needle. Inoculation sites were covered
with heat-resistant tape. Fruits were
incubated in papaya cartons at room
temperature until ripe (5-7 days), then
cut and checked for disease. Several
strains that produced internal yellowing
symptoms were reisolated, purified,
streaked on TZC and MS plates, and
inoculated on API 20E strips.

Comparison of bacterial strains from
various sources. Fourteen strains and
SDW were inoculated in an incomplete
block design (3) among 35 fruits. Each
fruit was inoculated at three sites at the
blossom end with bacterial suspensions
of about 107 cfu/ml or SDW.

Effect of inoculum concentration on
disease. Two strains, PV-5 and YP-16,
were inoculated into papaya fruits at the
blossom end with inoculum concentra-
tions ranging from 10' to 10° cfu/ml.
Bacterial suspensions were made up in
SDW and diluted, then bacterial
populations were determined by plating
out the two highest dilutions (10”7 and
107%). There were two sets of 10 fruits for
each inoculum concentration. One set
was inoculated at separate sites with PV-
5 and SDW, and the other set was
inoculated with YP-16 and SDW.

Effect of fruit ripeness on susceptibility
to disease. In one experiment, eight fruits
at each of three stages of ripeness
(colorbreak, one-fourth ripe, and one-
half ripe) were selected for color
uniformity. In a second experiment,
40-50 colorbreak fruits were selected
similarly. Fruits in both experiments
were washed, dried, and analyzed
individually for yellow color at the
blossom end with a Hunter colorimeter
(Hunter Associates Lab., Inc., Reston,
VA) (8). Fruits in the first experiment
were inoculated near the middle at two
sites with strain PV-5 and at a third site
with SDW. Fruits were incubated at
room temperature until ripe (5-7 days),
then examined for disease. In the second
experiment, the blossom end of each fruit
was inoculated with strain PV-5 (at 10’
cfu/ml) at one site and with SDW at a
second site. Ten fruits at various stages of
ripeness were read individually on the
Hunter colorimeter, cut, and examined
for internal yellowing disease at 1-to 3-day
intervals. Inoculation and pathogenicity
tests were done at least four times.

Surveys. From December 1984 to
April 1986, 100-fruit samples of heat-
treated papayas were obtained from each
of five packinghouses in the Hilo area at
about 2-wk intervals. From October 1985
until January 1986, five surveys included
both hot-water-treated and untreated
papayas. Untreated papayas were
collected at the packinghouses within 24
hr of harvest and were not processed
through cold-water culling tanks. All
fruits were held at room temperature for



a week, until they were fully ripe, then cut
and checked for internal yellowing
disease. Isolations were routinely made
from diseased fruits.

Water in the hot-water treatment tanks
at four papaya packinghouses and the
cold-water culling tank at one packing-
house was sampled and analyzed for
enteric bacteria three or four times from
early January 1985 to the end of March
1985. Water samples (200 ml) were
collected in sterile collecting jars before
and during papaya processing and were
plated on YDC and MS media. Only
strains positive (orange) on MS were
considered potential members of the
Enterobacteriaceae.

Sanitation practices of the water tanks
varied for each of the four packinghouses
at the time of the surveys. At packing-
house E, calcium hypochlorite (Pittclor,
PPG Industries, Inc., Pittsburgh, PA)
was added sporadically to the hot-water
tanks and chlorine concentration was not
monitored. At packinghouse A, calcium
hypochlorite was added every 2 hr to the
cold-water culling tank and chlorine
concentration was maintained at 5-80
ppm throughout papaya processing.

Data were analyzed by analysis of
variance and Duncan’s multiple range
test or by calculation of the G-statistic
according to the method of Sokal and
Rohlf (23).

RESULTS

Symptoms. Internal yellowing disease
was characterized by yellow, discolored
tissue with diffuse margins around the
seed cavity of infected fruit (Fig. 1). Most
infections were present around the
blossom end and the middle of the fruit
and often included a portion of the seed
cavity. A distinctly rotten odor was
consistently present. No external
symptoms were observed in naturally or
artificially infected fruit.

Isolation. One type of bacterium was
isolated from 12 of 17 papaya fruits with
internal yellowing symptoms. Three of
six bacterial strains isolated from hot-
water treatment tanks, two of 23 strains
isolated from five D. dorsalis specimens,
and three of 22 strains isolated from
washes of papaya flowers were the same
bacterium. This bacterium was not
among 23 strains isolated from washes of
papaya fruits and leaves. A different
bacterium, tentatively identified as
Pseudomonas aeruginosa, was one of 17
strains isolated from papaya and one of
six strains from hot-water tanks. No
fungi were recovered from papaya fruits
infected with internal yellowing.

The bacterium that causes purple-stain
disease was isolated once from washes of
one-half-ripe papaya fruit but was not
recovered from water tanks used in
papaya processing or from D. dorsalis
specimens.

Identification tests. Eight strains
isolated from various sources had the

following characters in common: Colonies
were mucoid and creamy white on KMB,
creamy tan on YDC, orange on MS, and
dark pink with translucent margins on
TZC. Cells were single, straight rods,
0.3-0.6 X 0.8-2.0 um, with peritrichous
flagella. All eight strains were gram-
negative, oxidase-negative, catalase-
positive, and were facultative anaerobes.

Biochemical and physiological test
results for the eight bacterial strains were
consistent with results for the reference
strain of Enterobacter cloacae (ATCC
13047), except that the two strains
isolated from D. dorsalis (Dd-18 and Dd-
23) were negative for ornithine decar-
boxylase (Table 1). The eight strains
differed from the purple-stain strains and
Erwinia herbicola Eh-1 in several key
biochemical tests: arginine dihydrolase,
ornithine decarboxylase, citrate utiliza-

tion, phenylalanine deaminase, and acid
production from several carbohydrates.
The results for the purple-stain strains
were consistent with results for the E.
herbicola strain, Eh-1, except that Eh-1
produced acid from sorbitol and failed to
produce purple stain on YDC.
Pathogenicity tests. Twelve strains of
E. cloacae, isolated from papaya fruits
with internal yellowing symptoms,
caused the same discolored flesh and
offensive odor as in naturally infected
fruits. Lesions surrounding the area of
inoculation varied in size and spread
from localized “pockets” of discolored
flesh (about 1.5 X 1.5 cm) to soft,
spreading discolored flesh (about 3-5 cm
in diameter). Symptom expression varied
with fruit ripeness at the time of
examination, and the second type of
lesion was more common in riper fruits.

Table 1. Comparison of physiological and biochemical characteristics of internal yellowing strains
with type culture of Enterobacter cloacae (ATCC 13047), purple-stain strains PP-1and PP-2, and

Erwinia herbicola Eh-1

Internal
yellowing
strains®

Characteristic

Purple-
stain
strains

E. cloacae E. herbicola

API 20E tests
B-Galactosidase
Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Citrate
Hydrogen sulfide
Urease
Tryptophan deaminase -
Indole
Voges-Proskauer
Gelatin liquefaction
Acid from

Glucose
Mannitol
Inositol
Sorbitol
Rhamnose
Sucrose
Melibiose
Amygdalin
Arabinose
Oxidase
Nitrate reduction
Catalase

Other tests

Phenylalanine deaminase®
Acid from®

Cellobiose

Lactose

Raffinose

a-methyl-D-glucoside
Pectate degradation®
Purple stain on YDC" ) -
Yellow pigment on KMB' -
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*Eight strains, isolated from various sources, were used in all tests: PV-5, YP-16, WT-2, WT-3,

Dd-18, Dd-23, Wa-10, and Wa-23.
°+ = Positive, — = negative, and v = variable.

“Two strains, Dd-18 and Dd-23, were negative; the other strains were positive.
By the method of Ewing et al (6); incubated at 30 C, read after 3 days.
By the method of Schroth and Hildebrand (21); incubated at 30 C, read after 2, 4, 7, 14, 21 days.

"Positive 7-14 days after inoculation.

¢By the method of Hildebrand (9); incubated at 30 C.
"Yeast extract, dextrose, calcium carbonate agar (24).

i King’s medium B (11).
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Of five strains that were not E. cloacae,
only one caused symptoms similar to
internal yellowing disease. When five
papaya strains were compared with nine
strains from other sources (hot-water
tanks, papaya flowers, and D. dorsalis),
typical internal yellowing symptoms
were produced by 11 E. cloacae strains

including the type strain (ATCC 13047)
(Table 2). The two strains of P.
aeruginosa elicited symptoms that were
distinctly different from those produced
by E. cloacae. One E. cloacae strain, WT-
5, caused only slight internal yellowing
symptoms.

Colony morphology on TZC and MS

Table 2. Internal yellowing symptoms in papaya fruits inoculated® with bacterial strains from
various sources

Inoculation

Source Species Symptom sites infected
of strain identification® expression (%)
Fruits with internal yellowing

PV-2 P. aeruginosa Atypical® 17.1

PV-5 E. cloacae Typical 71.4

PV-6 E. cloacae Typical 54.3

PV-7 E. cloacae Typical 65.7

YP-16 E. cloacae Typical 80.0
Hot-water tanks

WT-2 E. cloacae Typical 77.1

WT-3 E. cloacae Typical 80.0

WT-4 P. aeruginosa Atypical 11.4

WT-5 E. cloacae Slight 48.6
Papaya flowers

Wa-10 E. cloacae Typical 85.7

Wa-23 E. cloacae Typical 68.6
Dacus dorsalis, crop and stomach

Dd-18 E. cloacae Typical 68.6

Dd-23 E. cloacae Typical 48.7
Type culture

ATCC-13047 E. cloacae Typical 71.4
Control* Slight 5.7
Source df MS
Replicates 4 6.153%°
Strains 14 16.711**

Among E. cloacae strains 11 3.958*

Among sources of E. cloacae 4 2.545

Within sources of E. cloacae 7 4.764*

E. cloacae vs. others 1 118.813%*
Among others 2 1.600
Error 56 1.275

*Fourteen strains and sterile distilled water (SDW) were inoculated separately into three sites per
fruit in an incomplete block design (3) among 35 fruits. The experiment was repeated four times.

®Strains were identified as Pseudomonas aeruginosa or Enterobacter cloacae based on results of
bacteriological tests on API 20E strips.

¢ P. aeruginosa produced symptoms that were distinctly different from those produced by E. cloacae.

“Control consisted of SDW.

“* = Significant at P <0.05 and ** = significant at P <0.01.

Table 3. Number of papaya fruits developing disease at either zero, one, or two sites as a result of
inoculation® of fruits at three stages of ripeness

Av. Hunter b . . .
No. positive infections/fruit

Visual reading at

ripeness blossom end Zero sites One site Two sites
Colorbreak 16.5 21 8 3
One-fourth ripe 23.0 14 8 10
One-half ripe 25.9 5 10 17
Total 40 26 30
Calculated from binomial 29.3 47.4 19.3
Source df G
Among ripeness 2 21.75%*°
Goodness of fit to binomial 2 20.29%**

*Each fruit was inoculated at two sites with strain PV-5 (at 10° cfu/ ml), identified as Enterobacter
cloacae, and at one site with sterile distilled water (SDW). Fruits were incubated at room
temperature for 5-7 days, then examined for disease. Fewer than 29 of the sites inoculated with
SDW produced internal yellowing.

P** = Significant at P <0.01 and *** = significant at P <0.005.

1032 Plant Disease/Vol. 71 No. 11

media and biochemical characteristics of
several reisolated strains were identical to
that of the original strains. Two strains
(Dd-18 and Dd-23), isolated originally
from oriental fruit fly, remained negative
for ornithine decarboxylase.

Effect of inoculum concentration on
disease. Incidence of internal yellowing
increased with increasing inoculum
concentrations of strains PV-5 and YP-
16, and no significant difference was

found between the two strains (Fig. 2).

Natural infection or lesion spread from
an adjacent inoculation site, produced
disease symptoms in 4% of sites
inoculated with SDW.

Effect of fruit ripeness on susceptibility
to disease. When internal yellowing
strain PV-5 was inoculated into papaya
at three stages of ripeness, disease
incidence at the time of grading (fruits
fully ripe) was highest in fruits that were
ripest (one-half ripe) when inoculated
(Table 3). When colorbreak fruits.
(average Hunter b reading of 16.0) were
inoculated with PV-5 and examined for
internal yellowing disease at different
stages of ripeness, fully ripe fruits had the
highest percentage of infection (38%)
(Table 4).

Surveys. Internal yellowing disease
was observed in fruits sampled from each

% INTERNAL YELLOWING DISEASE

LOG,, INOCULUM CONCENTRATION (cfu/ml)

Fig. 2. Internal yellowing disease in papaya
fruits inoculated with varying concentrations
of Enterobacter cloacae strains PV-5and YP-
16. Two sets of 10 fruits per inoculum
concentration were inoculated: one set with
PV-5 and SDW, the other with YP-16 and
SDW. Fruits were incubated for 5-7 days until
ripe, then cut and examined for disease. Data
were based on the average of four tests.



of the five packinghouses surveyed, but
the incidence was slightly higher among
fruits from packinghouse A (Table 5).
Less internal yellowing disease was
observed in hot-water-treated fruits than
in untreated fruits from four of the five
packinghouses (Table 6). Overall, for the
period October 1985 to January 1986, the
incidence of internal yellowing among
hot-water-treated and untreated fruits
was 3.8 and 15.6%, respectively. Among
the five packinghouses, fruits from A had
the highest incidence of internal yellowing,
8.6 and 43.4% for those hot-water-
treated and untreated, respectively.
Infrequent recovery of enteric bacteria
from the culling tank at packinghouse A
was probably due to the regular addition
of calcium hypochlorite to the unheated
water. One of four samplings before
papaya processing contained enteric
bacteria, and no enteric bacteria were
recovered in four samplings after
processing. In contrast, enteric bacteria
were recovered readily from the hot-
water treatment tanks. Before papaya
processing, enteric bacteria were recovered
from 11 of 12 samples and from 5 of 13
samples from the 42 C tank and 49 C
tank, respectively. Once fruit processing
was under way, enteric bacteria were
recovered from all water samples from
both hot-water tanks at all packing-
houses, including packinghouse E, where
calcium hypochlorite was added sporadi-
cally to the hot-water tanks. Disease

incidence among fruit from packinghouse
E was not significantly lower than that
among fruit from the other packinghouses
(Table 6).

DISCUSSION

The bacterium isolated from diseased
papaya fruits and demonstrated to cause
the internal yellowing disease was
identified as Enterobacter cloacae on the
basis of biochemical and physiological
tests and by comparison with the type
strain of E. cloacae, ATCC 13047. This
pathogen differed from two strains (PP-1
and PP-2) of Erwinia herbicola isolated
from fruits with the purple-stain disease.
Strains of E. cloacae, but not E.
herbicola, were recovered from hot-
water treatment tanks, papaya flowers,
and the oriental fruit fly. The internal
yellowing disease was found to be more
prevalent and widespread than the
purple-stain disease. Purple-stain disease,
however, was observed occasionally
during surveys, and strains isolated from
diseased fruit conformed to physiological
and biochemical characteristics of E.
herbicola, confirming a previous report
(16).

There are five other reports of bacterial
diseases of papaya caused by Erwinia
spp. (7,13,25-27). Bacillus papaya was
reported to cause a disease of papaya in
Java (26), but Magrou (14) placed this
bacterium in the genus Erwinia. Leu et al
(13) reported that Erwinia cypripedii

Table 4. Effect of ripeness on incidence of internal yellowing disease in papayas inoculated® at

colorbreak stage

Visual ripeness Av. Hunter b reading No. Disease®
when examined at blossom end"® fruits (%)
Colorbreak 14.8 7 0
One-fourth ripe 21.2 51 0
One-half ripe 27.8 57 1.8
Three-fourths ripe 30.8 43 16.3
Full ripe 323 110 38.2

*Forty to 50 colorbreak fruits were inoculated with Enterobacter cloacae strain PV-5 (at 10’
cfu/ml) at one site and with sterile distilled water (SDW) at a second site. After inoculation, fruits
were cut and examined for internal yellowing disease at 1-to 3-day intervals. The experiment was

repeated five times.

caused a black rot of papaya trees that
also affected fruit in Taiwan. Trujillo and
Schroth (25) reported two bacterial
diseases of papaya trees caused by
Erwinia spp. Webb (27) reported that an
Erwinia sp. caused a bacterial canker of
papaya trees in St. Croix, U.S. Virgin
Islands, whereas Frossard et al (7)
reported that an Erwinia sp., probably in
the group E. amylovora, caused a decline
of papaya trees in the French Antilles.

The isolation of plant-pathogenic
strains of E. cloacae is rare but not
unique. Erwinia dissolvens (originally
Pseudomonas dissolvens) and Erwinia
nimipressuralis, both placed in E. cloacae
(17), were reported to cause stalk rot of
corn (19) and wetwood of elm trees (2),
respectively.

The susceptibility of papaya fruits to
internal yellowing increased as the fruits
ripened. When fruits at different stages of
ripeness were artificially inoculated with
strain PV-5, the ripest fruits inoculated
were most susceptible to disease (Table
3). Similarly, when fruits were inoculated
at colorbreak stage and checked for
internal yellowing at different stages of
ripeness, disease incidence increased with
fruit ripeness (Table 4). We used the dual
inoculation technique in the first
experiment to demonstrate that the fruit
as a whole shifts from a resistant to a
susceptible state as it ripens. If all fruits
were equally susceptible to internal
yellowing, lesions would be distributed
randomly among the inoculation sites
and a binomial distribution of fruits into
the three infection classes would be
expected. However, the proportion of
fruits with either no disease or diseases at
both inoculation sites is much greater
than predicted by the binomial distribu-
tion (Table 3).

The incidence of internal yellowing
was lower among hot-water-treated

Table 6. Incidence of internal yellowing
disease in hot-water-treated* and untreated
papayas sampled’ from five packinghouses

®Readings at time of examination for disease. Average of initial readings for all fruits was 16.0. Heat- Non-heat-
‘Only sites inoculated with PV-5 resulted in disease. Sites inoculated with SDW had no disease. . treated treated
Packinghouse (%) (%)
A 8.6 bed” 434 a
B 3.3de 17.7 ab
Table 5. Incidence of internal yellowing disease in hot-water-treated papayas® c 3.5de 3.9 cde
D l.6e 12.0 bc
Overall E 4.6 cde 26.1 ab
Disease incidence classes® (no.)" i::.sjease Av. 38f 15.6 g
Packinghouse 0 1-10% 11-20% >21% (%) *Fruits were treated at 42 C for 30 min, then at
A ) 1 4 3 9.7 49 C for 20 min.
B 16 16 2 0 2'5 ’One hundred treated and 100 untreated fruits
C 15 15 3 1 3’7 were samped from each packinghouse ineach
D 15 14 4 ) 3'7 of five samplings from October 1985 to
E 15 15 2 5 49 January 1986. Fruits were ripened (7-8 days)

*Fruits were treated at 42 C for 30 min, then at 49 C for 20 min.

®Classes are based on percentages of fruits showing symptoms of internal yellowing.

‘Values based on 34 samplings from December 1984 to April 1986 of 100-fruit samples from each
of five packinghouses in the Hilo area. Fruits were ripened for 8 days after treatment, then

examined for disease.

at room temperature, then examined for
disease.

*Geometric means within a group not followed
by the same letter are significantly different
(P = 0.05) by analysis of variance and
Duncan’s multiple range test.
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fruits than among untreated fruits. Hot-
water treatment of papaya has been used
to control postharvest fungal diseases of
papaya (1), and its apparent activity
against a bacterial disease of papaya
enhances the usefulness of this method of
control.

Based on our observation of internal
yellowing symptoms occurring primarily
at the blossom end and middle of the
fruit, and the recovery of E. cloacae from
papaya flowers, we suggest that the
flower may have been the site of
infection. The pink disease of pineapple
(18) is another bacterial disease in which
the flower is the site of entry for the
pathogen. Because E. cloacae also was
recovered from fruit flies, we suspect that
fruit flies, and possibly other insects, may
aid in the dispersal of the pathogen. If the
pathogen enters the fruit through the
flowers, it remains dormant during
flowering to fruit development. Physio-
logical changes that accompany fruit
ripening then permit full development of
the bacterial disease.
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