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ABSTRACT 

Twenty-two per cent of 569 healthy, undamaged, 

field-grown cucumber fruits examined over a four-year period 

contained bacteria within internal tissues. Isolates 

belonged to the Enterobacteriaceae, Pseudomonadaceae, 

Corynebacteriaceae, Bacillaceae, Micrococcaceae, and 

Lactobacillaceae. Soft-rot bacteria were isolated from 

13.1% of 259 cucumber fruits. Variability of infestation 

was high, with no correlation observed between infestation 

level and source of fruits. 

Several isolates belonging to the Enterobacteriaceae 

that were not pectate liquefiers, were identified as Proteus, 

Citrobacter, Enterobacter, and a yellow-pigmented Erwinia. 

Their possible role in nosocomial infections in the hospital 

is discussed. 

A pathogenic isolate of Erwinia carotovora was 

recovered from locular tissues of 40% of healthy fruits, 

which were stem-inoculated, while attached to the vine. 

Erwinia was not recovered from internal locular tissues of 

fruits submerged in Erwinia-infested water or from attached 

fruits whose flowers were inoculated with Erwinia. 

A quiescent population of Erwinia was established in 

a high percentage of fruits attached to the vine when in

jected with a suspension of the soft-rot bacterial isolate. 

viii 



No macroscopic or microscopic symptoms were observed in the 

fruit harvested 5-8 days after incubation. The bacterium, 

however, was reisolated from the internal tissues of such 

fruits. 

Examination of tissues from freshly pectolyzed 

cucumber fruit revealed that many dead and a few metabol-

ically active cucumber cells contained motile Erwinia cells. 

Bacteria were microscopically observed in-membrane bound 

vesicles and free within the cytoplasm. Cucumber cells 

containing large numbers of bacteria were dead. However, 

some living cucumber cells, as shown by their ability to 

plasmolyze and accumulate neutral red into the central 

vacuole, contained a few motile bacterial rods. The 

possible significance of E. carotovora within living 

cucumber cells is discussed in relation to the occurrence 

of soft-rot diseases. 

Most fruits artificially infested with E. carotovora 

could be induced to soft-rot if incubated at 4 and 13 C 

after harvest. Only 22.8% and 29.6% of such fruits rotted 

at 24 and 32 C, respectively. Inoculation of infested 

fruits with Pythium aphanidermatum increased activation of 

Erwinia markedly at 2 4 C. 



CHAPTER 1 

INTRODUCTION 

The loss of many vegetables and some fruits to 

bacterial spoilage during transit and storage is extensive. 

The United States Department of Agriculture lists bacterial 

soft-rot, caused by Erwinia carotovora, as a serious disease 

on a wide variety of vegetables (31), and as the most 

prevalent decay on tomatoes in rail shipments to New York 

City (17) . A 3-year study of market losses in metropolitan 

New York showed that soft rots, caused by E. carotovora, 

accounted for 1.1% and 3.0% of the total market loss, and 

for 33% and 75% of all pathogenic diseases in cucumbers and 

bell peppers, respectively (4). Post-harvest decay of 

carrots caused by E. carotovora can be very destructive, the 

severity of loss largely influenced by the population of 

soft-rot Erwinia in packinghouse wash water and by storage 

temperatures (27). Lund (16) recently summarized the 

factors involved in bacterial post-harvest diseases of 

vegetables and certain fruits. 

While external contamination is probably the primary 

source of inoculum for bacterial soft-rot diseases, the 

possibility that plant pathogenic bacteria might be present 

in the internal tissues of healthy fruits and vegetables 
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has largely been ignored in the past, although several 

researchers have shown that such tissues can contain a mixed 

bacterial flora (6, 11, 13, 19, 25, 34, 37). The signifi

cance of this phenomenon, however, has not been fully 

elucidated. A preliminary study on the occurrence of soft-

rot bacteria within healthy, field-grown potato tubers and 

cucumber fruits, and some factors which possibly activate 

this potentially pathogenic flora into producing a soft-rot, 

was recently reported (18). A portion of the following 

dissertation presents results of a 4-year study on the per

centage of cucumber fruits containing soft-rot and non-soft-

rot bacteria. In addition, results of separate experiments 

are given on the population of bacteria/g of tissue, on the 

occurrence of potentially human pathogenic, enteric bacteria 

in tissues, and on possible modes of entry of E. carotovora 

into cucumber fruits. 

Preliminary studies revealed that the percentage of 

field-grown cucumbers internally infested with soft-rot 

bacteria was extremely variable, ranging from 0 to 100% in 

different lots. This variability in natural infestation 

precluded reproducible experiments on the activation and 

location of bacteria within the tissues and thus, neces

sitated the development of a technique that would guarantee 

almost 100% infestation. Results in establishing a 

quiescent, pathogenic population of E. carotovora within 

healthy, susceptible cucumber fruits, their possible 
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location within such tissues, and factors which may activate 

this internal flora into producing a soft rot, are also 

presented in this dissertation. A preliminary report has 

been published (20) 



CHAPTER 2 

ESTABLISHMENT OF AN INACTIVE POPULATION OF 
ERWINIA CAROTOVORA IN HEALTHY 

CUCUMBER FRUIT 

Obj ective 

The primary purpose of this investigation was to 

establish a pathogenic isolate of Erwinia carotovora in 

cucumber fruit tissues without producing a disease. 

Materials and Methods 

Healthy, undamaged, greenhouse produced cucumbers 

(Cucumis sativus L., parthenocarpic 'English type') grown 

within a plastic film greenhouse in sand, were used through

out the study. Fruits, harvested at different stages of 

maturity, were rinsed in running tap water, washed in a 

detergent solution, and surface sterilized by bathing in 

0.5% NaOCl for 30 minutes. After air-drying under ultra

violet light or filter-sterilized air, standard surface swab 

techniques showed that the cucumber surfaces were sterile. 

Cucumbers were aseptically broken open (rather than sliced) 

under filtered air in a transfer chamber and approximately 

50 to 75 g of locular tissues aseptically removed with a 

sterile, long-handled scoop. Samples were submerged in 200 

ml of sterile distilled water in separate, screw-top, wide-

mouthed jars, and incubated at 25 C. Previous experience 
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has shown that obvious growth develops usually within 3 days 

when bacteria are present. When this occurred, cultures 

were streaked on nutrient agar (Difco) and sodium poly-

pectate (33) for subsequent identification. Preliminary 

studies of over 100 greenhouse grown cucumbers, collected at 

various times over a 1-year period, revealed that most were 

free of internal bacterial contamination. Most importantly, 

none of these cucumbers were shown to contain soft-rot 

bacteria. 

Erwinia carotovora, identified according to criteria 

established in Bergey1s 7th Edition (2) and originally 

recovered from the internal tissues of a naturally infested 

cucumber, was established in susceptible cucumber tissues 

by hypodermic injection of 0.5 ml of a standardized cell 

5 6 suspension of the bacterium (1 x 10 to 1 x 10 cells/ml) 

into the centers of individual young (less than 15 cm in 

length) to mature (greater than 25 cm in length) fruits 

attached to the vine. The injection site was approximately 

equi-distant between stem and blossom ends. The standard

ized suspension was prepared by diluting in sterile water 

blanks a 24-hour culture of E. carotovora grown on glucose-

yeast-carbonate slants. This isolate was capable of 

macerating cucumber and potato slices within 48 hours. 

Controls were injected with 0.5 ml of sterile water. All 

fruits were allowed to mature an additional 5-8 days before 

harvesting. Ambient air temperatures ranged from 21-32 C in 
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the greenhouse. After detachment and surface sterilization, 

internal tissues were removed from the immediate area of 

injection and assayed, as described below. In addition, 

fruits inoculated approximately 5 cm from the stem end were 

assayed at intervals of 5, 10, 20, and 30 cm from the 

injection site. 

To determine if the population of E. carotovora 

increased or decreased in the tissues of cucumber fruits 

attached to the vine, fruits (four replicates per concentra

tion) were each inoculated with 0.5 ml suspensions of cells, 

at concentrations ranging in 10-fold increments from 1.8 x 

2 7 10 to 1.8 x 10 bacteria/ml. Control cucumbers were 

injected with sterile water; the experiment was repeated 

once. Five days after the injections, fruits were harvested. 

Following surface sterilization, 5 g of locular tissues, 

weighed aseptically on a triple-beam balance, were removed 

from the area of injection and macerated in a sterile 

tissue grinder; serial dilutions were plated on nutrient 

agar. Additionally, four cucumbers, inoculated with 0.5 ml 

5 suspension of 1 x 10 bacteria/ml, were picked immediately, 

incubated for 5 hours at room temperature, and then assayed. 

Results 

Cucumbers, harvested 5-8 days after inoculation with 

the standardized suspension or water only, showed no 

external or internal, macroscopic or microscopic symptoms. 
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However, E. carotovora was reisolated from 88% of 50 fruits 

(5 lots of 10) inoculated with the standard suspension. 

Erwinia was not recovered from either tissues removed 5, 10, 

20, and 30 cm from the inoculation point, or from 30 

cucumbers injected with sterile water. 

Place counts of the bacteria from tissues of four 

fruits harvested immediately after injection with 0.5 ml of 

5 1 x 10 cells/ml revealed no change in the population of 

Erwinia/g of tissue. Cucumbers incubated 5 days on the vine 

had a population increase of ca. 100-fold when inoculated 

2 3 with 0.5 ml of 1.8 x 10 and 1.8 x 10 bacteria/ml, and ca. 

10-fold when inoculated with the 1.8 x 10^ and 1.8 x 10^ 

£ concentrations. There was no increase with the 1.8 x 10 

concentration. Two of the eight cucumbers inoculated with 

7 the 1.8 x 10 suspension rotted on the vine, while the re

maining six showed no population increase in the tissue. 

Microscopic examination of rotted tissue showed many 

cucumber cells partially or completely filled with actively 

motile Erwinia (Fig. 1-1). Bacteria were either free or in 

membrane-bound vesicles in the cytoplasm, or trapped in 

vesicles floating freely in cytoplasmic debris of disrupted 

cucumber cells (Fig. 1-2). The motile bacterial rods ob

viously encased in these plant structures were not confused 

with bacteria adhering to the external surface of plant 

cells and vesicles, or with plant organelles exhibiting 

Brownian motion or cytoplasmic streaming. Confirmation that 



Fig. 1. Intracellular localization of Erwinia carotovora 
in living and dead cucumber cells from pectolyzed 
fruit tissue >— (1) Cucumber cell filled with 
actively motile E, carotovora (arrow) (X 150); 
(2) Bacterial rods of E, carotovora entrapped 
within a plant vesicle occurring in the cyto-^ 
plasmic debris (X 1020); (3) Cucumber cell 
(from [1]) filled with Ef carotovora and 
plasmolyzed in a 0.5 M sugar solution (arrow) 
(X 150); (4) Plasmolyzed cucumber cell containing 
E. carotovora (arrow); the two filled cells at 
right did not plasmolyze (X 150); (5) *-(.7) 
Bacterial rods of E, carotovora (R) in the 
cytoplasm of plasmolyzed living cucumber cells; 
the central vacuole (CV) has actively taken up 
the neutral red dye (X 1020); PM = plasma 
membrane; T = tonoplast; CV = central vacuole; 
R = bacterial rod. 



Fig. 1, Intracellular localization of Erwinia carotovora 
in living and dead cucumber cells from pectolyzed 
fruit tissue. 
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the intracellular bacteria were only Erwinia was accom

plished by washing individual cucumber cells three to four 

times with sterile water. During the last washing, each 

cell was broken with a glass rod and its contents streaked 

onto nutrient agar for subsequent identification of the 

bacteria. 

Because many of the cucumber cells that were 

partially filled with Erwinia plasmolyzed in a 0.5 M 

sorbitol solution (Fig. 1-3, 1-4), experiments were under

taken, using a modification of Tribe's (38) neutral red 

method, to determine if such cells were alive. With this 

technique supposedly only living cells accumulate the stain 

in the vacuoles. This observation was verified using the 

metabolic inhibitor 2,4-DNP (2,4-dinitrophenol). Approxi

mately 0.5 g of cucumber locular tissue was placed in 20 ml 

of the pectinase maceration medium of Jensen, Francki, and 

Zaitlin (12) (pH and sorbitol concentration were adjusted to 

that of the tissue, 6.5, and 0.3 M, respectively) and 

incubated for 1 hour at 25 C. Separated cells and small 

undigested tissue pieces were collected on nylon, mono

filament screen cloth (30 ym mesh) and gently washed three 

times with 20 ml aliquots of White's (40) inorganic salt 

solution with 0.3 M sorbitol at pH 6.5. Cells and tissue 

segments were resuspended in 20 ml sorbitol-salt solution 

containing 1 x 10 M 2,4-DNP. After cultures were incubated 

under light (400 ft candles) at 25 C for 2 hours, 0.1 ml of 
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1.0% neutral red solution was added. Observations from 30 

minutes to 18 hours revealed that 2,4-DNP prevented active 

accumulation of neutral red into the vacuoles, though proto

plasts remained intact. Cells incubated in the absence of 

2,4-DNP readily took up the dye into their vacuoles, sup

porting the premise that such cells were alive and meta-

bolically active. 

Application of the neutral red technique to tissue 

removed from the advancing margin of freshly pectolyzed 

cucumber tissue (less than 24 hours old) revealed that 

almost all cells containing bacteria were dead. However, 

close microscopic examination showed that some cucumber 

cells, which accumulated neutral red into the central 

vacuole, also contained a few bacterial rods. These 

bacteria were observed swimming throughout the cytoplasm, 

bouncing off the inside of the plasma membrane, or entrapped 

in membrane bound vesicles within the cytoplasm, but never 

penetrating the tonoplast into the vacuole (Fig. 1-5, 1-6, 

1-7) . 

Discussion 

Two facts, (a) the reisolation of E. carotovora from 

symptomless cucumbers 5-8 days after inoculation and (b) 

the recovery of soft rot bacteria from apparently healthy, 

naturally infested, plant tissue (18) suggest that these 

pathogenic bacteria may exist in a commensalistic or 
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quiescent state. An explanation of their inactivity in both 

naturally and artificially infested susceptible plant 

tissues is still conjectural. Possibly the bacteria are 

limited in growth because of inhibitory substances present 

in the tissue; pectic enzyme inhibitors may suppress the 

elaboration of bacterial enzymes required for pathogenesis. 

Activation of the bacteria may result if the physiological 

condition of the fruit is disturbed by lack of oxygen, un

balanced nutrition, temperature stresses during storage, and 

a mechanical-enzymatic injury inflicted by a pathogenic 

fungus (18). This may explain the occurrence of many 

storage and field rots previously attributed to external 

bacterial contamination. 

Apparently, resistance also can be broken when high 

populations of bacteria are introduced into tissues. Soft-

rot of cucumbers attached to the vine occurred frequently 

7 when populations greater than 1 x 10 bacteria/ml were 

injected into the fruit. In preliminary studies I re

peatedly observed that 25-30% of the cucumbers inoculated 

with such populations usually rotted on the vine within 3 

days, while the remainder showed no symptoms after the 5-8 

day incubation period. 

The ability of many cucumber cells to plasmolyze, 

although partially filled with Erwinia, indicated that the 

plasma membrane was still intact and able to function as a 

semipermeable membrane. The discovery that some cucumber 



cells containing Erwinia were alive merits further attention. 

How these bacteria are able to enter the plant cell without 

killing it, is unknown. Jones and Paton (13) postulate that 

invasion of potato cells is by L-phase elements of E. 

carotovora, which later revert to normal, actively multi

plying bacterial rods. However, they did not observe 

L-phase bacteria in cells from young macerated potato 

tissues but only in the cells of 30-to-50-day-old pectolyzed 

potato tissues. Most likely, such tissues had long been 

dead. On the other hand, we have seen bacterial rods 

present in the cytoplasm of living cucumber cells taken 

from freshly pectolyzed tissue; i.e., less than 24 hours old. 

These bacteria can, perhaps, successfully penetrate 

the wall and membrane without disturbing the structure 

and/or physiology of the cell. Scott and Lewis (26) 

illustrated that some pits in parenchyma cells of Ricinus 

communis can measure 1 ym or greater in diameter. If such 

pits in cucumber cells approach this size, entry by Erwinia 

is possible. Once penetration of the primary wall has been 

achieved, uptake could occur by endocytosis (39). Davey and 

Cocking (5) demonstrated by means of electron micrographs 

that pea leaf protoplasts engulf Rhizobium cells into 

membrane bound vesicles in the cytoplasm during experimental 

digestion of the surrounding cell wall. They also observed 

bacteria enclosed in vesicles in the cytoplasmic debris from 

burst protoplasts. My results show that soft-rot Erwinia 



also exist free or in membrane-bound vesicles within the 

cytoplasm of living cells taken from freshly pectolyzed 

tissue. Experimental proof that bacteria occur intra

cellular^ in a quiescent state is required before con

clusions can be made about their intracellular occurrence 

(22, 30) and significance in healthy, naturally infested, 

plant tissue. 



CHAPTER 3 

OCCURRENCE OF SOFT-ROT BACTERIA AND ACTIVATION 
OF ERWINIA CAROTOVORA WITHIN HEALTHY 

CUCUMBER FRUIT 

Objective 

The purposes of this investigation were, (a) to 

determine the incidence of soft-rot bacteria in healthy 

field-grown cucumber fruits and (b) to determine the in

fluence of storage temperatures and fungal colonization by 

Pythium aphanidermatum on induction of soft-rot in Erwinia -

infested fruits. 

Materials and Methods 

Source of Cucumber Fruits and Isolation Procedures 

Fruits originated from the following sources: (a) 

grown in California and Mexico and purchased at a local 

produce house; (b) collected from a field at The University 

of Arizona Experimental Station, Mesa, Arizona; and (c) 

collected from several commercial fields in Culiacan, 

Sinaloa, Mexico. A total of 569 intact, healthy-appearing, 

field-grown cucumber fruits were collected over a 4-year 

period and examined for internal bacterial contamination. 

Of this total, 259 were examined for the presence of soft-

rot bacteria. Isolation of bacteria from the internal, 

14 



15 

locular tissues of all fruits was accomplished as previously 

described in Materials and Methods, Chapter 2. All 

bacterial isolates that hydrolyzed pectate (33) were tested 

for pathogenicity in the following manner: 0.5 ml of a 

turbid suspension of each isolate, washed from a 48-hour 

glucose-yeast-carbonate (GYC) slant, was injected into the 

centers of healthy cucumber fruits. Controls were injected 

with sterile water. One fruit was inoculated per isolate 

and incubated at room temperature up to 5 days; the experi

ment was repeated once. Each pathogenic isolate was 

classified to genus according to Bergey's Manual (2). 

Populations of Bacteria in Fruit Tissues 

Cucumber fruits grown in Mexico and obtained from a 

local produce house, were assayed for the population of 

bacteria/g of tissues by coring out all of the central 

locular tissues and macerating these at high speed in a 

Waring blender for 3-5 minutes. All equipment was sterilized 

before use. Since 1.0 g of locular tissues equalled 1.0 ml 

of macerate, 1.0 and 0.1 ml aliquots of the macerate were 

triplicate plated on nutrient agar plates, previously dried 

for 48-72 hours at 35 C. Plates were incubated for 3 days 

at room temperature. Five groups of 20 cucumber fruits 

each, sampled over a 5-month period, were assayed in this 

manner. 
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Establishment of E. carotovora in Fruits 
by Stem Inoculation 

Experiments were undertaken to determine if. E. 

carotovora could enter into fruits attached to the vine via 

the vascular system in stems or flowers. Flowers or stems 

of cucumber plants, grown in sand within a plastic film 

greenhouse, were inoculated in the following ways: (a) 

approximately 0.05 ml of a turbid bacterial suspension of 

E. carotovora from a 48-hour GYC slant was injected by 

means of a 22 gauge hypodermic syringe into the ovarian 

tissues of developing flowers, 0.1 ml of the suspension also 

was placed on the sepal-calyx area of the same flower; or 

(b) ca. 0.1 ml of the suspension was injected into the 

center of stems, 2-3 cm above an attached immature fruit 

(less than 15 cm in length). A total of 30 flowers and 40 

stems were inoculated over a 3-month period. All developing 

fruits remained attached to the vine 10-20 days until 

harvest and assay for internal Erwinia. The E. carotovora 

isolate used in all studies was the same as used in Chapter 

2. Its maximum growth temperature in a non-shake culture 

of nutrient broth (Difco) or glucose-yeast broth, was 

34-35 C. 

To determine if Erwinia might enter into fruits 

washed in contaminated water, twenty fruits, within 5 hours 

after harvest, were submerged in autoclaved tap water con

taining 1 x 10^ viable cells of E. carotovora for 1 hour. 
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After soaking, fruits were incubated separately in plastic 

bags at 24 C. Groups of five fruits were assayed for 

presence of E. carotovora in locular tissues after 3, 5, 6, 

and 8 days incubation. 

Activation of E. carotovora in Fruits 

The technique finally used to establish E. 

carotovora within cucumber fruits attached to the vine 

without producing a soft rot was described in Chapter 2. 

With this technique, E. carotovora was reisolated from 88% 

of 50 symptomless fruits after incubation 5-8 days attached 

to the vine. Infested fruits were harvested, washed in a 

detergent solution, surface sterilized in 0.5% NaOCl for 30 

minutes, and placed separately in plastic bags. To activate 

the internal Erwinia into producing a soft rot, the indi

vidual fruits were incubated at 4, 13, 24, or 32 C or 

2 inoculated by placing a 1 cm V-8 agar plug of a 48-72 hour 

culture of Pythium aphanidermatum Edson (Fitzp.) directly 

on the surface of fruits. Fruits were separately incubated 

at 24 or 32 C. Approximately 5 ml of sterile water was 

added to each plastic bag to prevent dehydration of fruits. 

At least five fruits were incubated per treatment for a 

period up to 2 weeks; the experiments were repeated at least 

three times. Non-Erwinia infested fruits, injected with 

sterile water and treated in the same manner as Erwinia 

infested fruits, served as controls. 
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To determine if infested fruits remaining attached 

to the vine would rot in the same amount of time as infested 

harvested fruits, 51 fruits attached to vines were inocu

lated (as described in Chapter 2). After 5 days, 34 were' 

harvested. One-half of these fruits were incubated sep

arately in plastic bags at 13 C and one-half at 24 C. The 

remaining 17 fruits were harvested 17 days after the initial 

inoculation and incubated at 13 C. Ambient air temperature 

in the greenhouse ranged from 21-32 C while fruit tempera

ture remained approximately at 24 C during the day. 

Results 

Bacteria in Naturally Infested Fruits 

From a total of 569 cucumber fruits, 22.1% contained 

internal bacteria. Yeasts were infrequently encountered. 

Many infested fruits contained more than one bacterial type, 

with the Enterobacteriaceae, Pseudomonadaceae, Lactobacil-

laceae, Bacillaceae, Micrococcaceae, and Corynebacteriaceae 

represented. 

Pectolytic bacteria were isolated from 34 of the 

259 fruits examined for soft rotters. Seventeen isolates, 

categorized as weak hydrolyzers, produced slow hydrolysis 

of pectate in 3-5 days. Following the usual inoculation 

procedures, these isolates produced, near the point of in

jection, either a dry brown necrosis, a cavity, or a slow 

progressing, soft-rot of locular tissues. These isolates 
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belonged to the following genera: Xanthomonas, Bacillus, 

and Pseudomonas. The remaining pectolytic isolates, cate

gorized as strong hydrolyzers, rapidly liquified pectate in 

1-2 days and macerated cucumber fruits in 2-3 days. Erwinia 

and Pseudomonas were the only genera in this group. 

No correlation was observed between source of the 

fruit and incidence of infestation. The percentage of 

field-grown cucumber fruits infested was variable, ranging 

from an apparent total absence in some sample lots, to 

80-100% infestation in other lots. 

Bacterial populations in naturally infested fruits 

were usually less than 5 cells/g tissue. Only four of the 

100 fruits examined had more than 10 cells/g tissue. From 

observations of colony development on the nutrient agar 

plates, bacteria appeared to be localized in pockets within 

the fruit tissues. 

Establishment and Activation of 
E. carotovora in Fruits 

Erwinia carotovora was not recovered from the 

locular tissues of cucumber fruits when flowers were inocu

lated or when fruits were bathed in Erwinia infested water. 

However, the bacterium was isolated from the locular tissues 

of 40% of the fruits whose stems were inoculated. 

Activation of the E. carotovora isolate into pro

ducing a soft-rot within artificially infested cucumber 

fruits was greatly influenced by storage temperature 



(Table 1). Development of bacterial soft-rot, characterized 

by macerated tissues which fell apart easily when probed, 

was most frequent at 4 and 13 C. Inoculation with Pythium 

aphanidermatum increased activation of Erwinia only slightly 

at 32 C (26% to 29.6%), but increased activation markedly at 

24 C (22.8% to 50%) . 

Erwinia was reisolated from all tissues which 

exhibited bacterial soft-rot. Erwinia infested fruits that 

did not decay in a bacterial rot following colonization by 

P. aphanidermatum, exhibited only the characteristic 

cottony-leak incited by Pythium (i.e., tissues became soft 

and water-soaked, yet little disintegration and maceration 

was observed). Likewise, non-Erwinia infested fruits inocu

lated with Pythium developed only the cottony leak. Water-

injected control fruits remained healthy. 

Infested fruits did not rot during the 17-day in

cubation period on the vine. After harvest, 12 of these 17 

fruits rotted within 2 weeks when incubated at 13 C. In 

contrast, 15 of 17 and 4 of 17 infested fruits harvested 

after 5 days and incubated at 13 and 24 C, respectively, 

soft-rotted within 14 days. Results indicated that the 

internal Erwinia remained inactive, but viable, even after 

17 days attached to the vine. Subsequent incubation after 

harvest at 13 C activated the internal Erwinia 
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Table 1. Influence of different incubation temperatures 
and/or inoculation with Pythium aphanidermatum 
on the development of bacterial soft-rot within 
two weeks in symptomless cucumber fruits which 
contained a resident population of Erwinia 
carotovora Controls included non-Erwinia 
infested fruits incubated at all temperatures 
and non-infested fruits inoculated with Pythium 
and incubated at 24 and 32 C. 

Per cent of 
cucumber 

Total fruits 
Incubation number of exhibiting 
temperature fruit bacterial 

Treatment °C testeda soft rot 

Erwinia infested fruits 4 15 100,0 
13 39 82.0 
24 57 22,8 
32 31 26.0 

Erwinia infested and 24 32 50,0 
Pythium inoculated 32 27 29,6 
fruits 

Non-Erwinia infested 4 15 0 
fruits 13 15 0 

24 15 0 
32 15 0 

Non-Erwinia infested 24 15 0 
and Pythium inoculated 32 15 0 
fruits 

aValues represent the total number of fruit treated 
in at least 3 separate experiments containing 5 to 8 
fruits/treatment, 
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Discussion 

The presence of bacteria within the internal tissues 

of healthy fruits and vegetables has been reported by other 

researchers (11, 24, 34), but the significance of different 

bacterial types has been only partially explored (19, 23, 

37). I found that potentially pathogenic soft-rotting 

bacteria can occur in healthy cucumber fruits. Since no 

correlation between sample infestation and source of fruits 

was found, it is unknown why a variability in infestation 

occurs. Samish, Etinger-Tulczynska, and Bick (25) postulated 

that variability of infestation in different lots of 

tomatoes could be due to varietal characteristics, climatic 

influences, and/or agrotechnical practices. In a separate 

study, using two lots of 2 5 cucumber fruits each and pro

cedures as described in Chapter 2, I found a very low in

cidence of bacteria within tissues of trellised, sand-

cultured, glasshouse-grown fruits obtained from a commercial 

operation. This corroborates the studies of Geldreich, 

Kenner, and Kabler (10), who did not detect coliforms on 

indoor cultivated foliage, and Leben (15) who found markedly 

fewer bacteria on the surfaces of greenhouse plants as 

compared to those grown in the field. The apparent absence 

of bacteria in greenhouse-grown cucumber fruits cannot be 

explained at this time. However, this almost certainly 

relates to cultural and environmental conditions during 

growth of the fruit. 
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Samish and Etinger-Tulczynska (23) found that the 

enteric bacterium Serratia entered tomato fruits when applied 

to flowers in the field. I found that Erwinia apparently did 

not enter cucumber fruits via flowers, but did following 

inoculations of stems. Because the cucumber fruits used in 

this study were parthenocarpic and already set when flowers 

were opening, entry by Erwinia into fruits via flowers might 

have been impossible with this variety. 

Activation of Erwinia at low storage temperatures 

was unexpected. This is probably due to physiological 

stresses on the fruit, since low but non-freezing tempera

tures are respossible for chilling injury of many fruits and 

vegetables (7). Eaks and Morris (7) reported that cucumber 

fruits exhibited a continually decreasing respiration 

rate/day when held at the non-chilling temperatures of 13 C 

to 30 C, inclusive. However, fruits incubated at the 

chilling temperatures of 0 C to 10 C, inclusive, produced 

considerably less CC^/g tissue than those held at non-

chilling temperatures. Possibly as the fruit tissues aged 

and respiration decreased, physiological factors suppressing 

the development of Erwinia were lessened. Thus, multiplica

tion of Erwinia was favored at the incubation temperatures 

of 4 and 13 C because of a more rapid physiological deter

ioration of healthy tissues surrounding the quiescent 

bacteria. 
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Increased activation of Erwinia at 24 C after 

inoculation and invasion of the tissues by P. aphanidermatum 

presumably occurred because of physiological disturbances 

including death of the tissues. Similar observations of 

fungal activation of bacteria have been reported (32, 34). 

My preliminary report (18) indicated that inoculation of 

naturally infested cucumber fruits with P. aphanidermatum 

and incubation at 37 C greatly increased activation of 

internal soft-rot bacteria. Therefore, a larger increase 

in activation of Erwinia was expected at 32 C than observed 

(26% to 29.6%). The apparent lack of induction by Pythium 

using artificially infested fruits may be explained by the 

fact that the Erwinia isolate used in this study had a 

maximum growth temperature of 34-35 C. Presumably the 32 C 

incubation temperature used in this study suppressed the 

growth of the Erwinia isolate. 



CHAPTER 4 

DETECTION OF ENTERIC BACTERIA WITHIN LOCULAR 
TISSUES OF HEALTHY CUCUMBER FRUIT 

Objective 

The purpose of this investigation was to determine 

the incidence of enteric bacteria in healthy, field-grown 

cucumber fruits. 

Materials and Methods 

Healthy, intact, field-grown cucumber fruits from 

California and Mexico, purchased at a local produce house 

over a 3-month period, were used in this study. Fruits were 

treated as described in Chapter 2, except that a 2-4 g 

sample of locular tissues was removed from the center of 

fruits with a sterile dissecting needle, placed in nutrient 

broth (Difco), and incubated aerobically at 27 C. 

Results 

Four to 100% of cucumber fruits in four samples, 

each comprising 25 fruits, contained bacteria. Several 

bacterial types were encountered in the cucumber tissues, 

among which were hemolytic Bacillus spp. and nonpectolytic, 

fluorescent Pseudomonas spp. (2). 

In heavily infested lots, two or more bacterial 

types were often present in each tissue sample. Results of 

25 
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the isolations are presented in Table 2. Organisms that 

were gram-negative, and fermented glucose within 3 days but 

did not hydrolyze sodium polypectate, were characterized as 

belonging to the Enterobacteriaceae (8). These isolates 

were further classified using Enterotubes (Roche) and 

certain procedures of Ewing and Davis (8), as Proteus 

mirabilis, Citrobacter sp., Enterobacter cloacae, and a 

yellow pigmented Erwinia sp. 

Table 2, Isolation frequency of internally-borne bacteria 
in healthy cucumbers. 

Sample3 
Per cent of cucumbers 
containing bacteria 

Per cent of isolates 
identified as 
enteric bacteria 

A 56 7 

B 15 25 

C 4 0 

D 100 10 

Total 44 10 

aSamples of 25 cucumbers were obtained over a 3 
month period from Mexico and California, 
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Discuss ion 

Although the total incidence of enteric infestation 

in this study was relatively low, the number of infested 

fruits varied greatly between lots, corroborating the 

observations of Samish and Etinger-Tulczynska (2 3) , who 

sampled over 4000 tomato and cucumber fruits. Further, 

these authors at times found less than 10 bacterial cells/ 

3 cm of tissue from infested tomatoes. Since I analyzed 

only small samples of tissues (for the sake of absolute 

sterility), it seems probable, therefore, that larger 

samples would have increased the degree of detectability. 

The apparent rise of nosocomial infections during 

the last 10-15 years parallels the increasing incidence of 

infections caused by gram-negative, enteric bacilli of low 

virulence or pathogenicity (21, 28, 41). These opportun

istic invaders, many of which are resistant to antibiotics, 

can and do appear on a variety of hospital equipment. While 

many avenues of introduction into the hospital exist, the 

possibility of their being internally carried in vegetables 

into at least the food processing areas of hospitals should 

not be disregarded. Ingestion of potential human pathogens 

may lead to colonization of the intestine (29) . Since 

endogenous infections often originate from the gastro

intestinal tract (1), eventual infection could develop if 

host defense mechanisms were altered by immunosuppressive 

drugs or if the "normal flora" was inhibited by antibiotics. 
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This possibility would be increased if vegetable-borne 

pathogens had time to multiply by prolonged incubation in 

fresh salads (35). 

These results indicate that the internal flora of 

field-grown vegetables may provide a source of opporunistic 

bacterial pathogens as great as the flora reported to be 

epiphytic (3, 9, 14, 36). 
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