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ABSTRACT

Pseudomonas aeruginosa was isolated from foliage and
soil of healthy potted ornamental plants, including African
violet, azalea, chrysanthemum, hydrangea, and petunia.
These plants were obtained from propagation houses,
nurseries, and retail outlets. With chrysanthemums,
populations of P. aeruginosa were as high as 50 cells/ leaf and
5X 10° cells/ g of soil. Sixty-one percent of the isolates from
the foliage and 5% of the isolates from the soil were identified
as distinct pyocin types. The principal types, B-7, F-6, and F-
2, belong to the major groups of clinical strains which cause

hospital-associated infections in humans. Although potted
ornamental plants present another potential source for the
introduction of P. aeruginosa into the hospital environment,
its relative importance as a disseminating agent appears
inconsequential compared -to other sources. Many
agricultural strains of P. aeruginosa and corresponding
clinical pyocin types were capable of rotting lettuce, celery,
and potatoes, but varied in virulence.
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Hospital-contracted bacterial infections apparently
have been a problem since sick people were placed
together in the same rooms (14). The extensive use of
antibiotics in the 1950's greatly reduced the incidence of
the infections caused by gram-positive bacteria such as
Streptococcus  spp. and  Staphylococcus  spp. while
allowing the gram-negative bacteria to become more
prevalent (18). Among the most important of these were
the facultative anaerobes, Klebsiella pneumoniae and
Enterobacter spp., and the aerobe, Pseudomonas
aeruginosa (8, 18).

Pseudomonas aeruginosa presently accounts for 5-15%
of all hospital-associated infections (14). Patients most
susceptible to infection by this bacterium include those
with burns, immune deficiencies, premature infants, and
those requiring respiratory assistance (17, 23, 25). These
infections have become more serious in recent years, since
debilitated patients now live longer because of advances
in medical and surgical technology.

The increasing importance of P. aeruginosa asa human
pathogen and the excellent techniques for selective
isolation (4, 22, 35), identification (19, 21), and typing of
strains (9, 12,42) has encouraged epidemiological studies.
Accordingly, infected patients, and moist environments
including sinks, inhalation equipment, and anesthesia
apparatus were implicated as reservoirs for the survival of
P. aeruginosa (1, 13, 17, 26, 29). These reservoirs,
however, appear to be transitory habitats rather than
permanent or natural ones (24).

Plants and soil may be primary reservoirs for P.
aeruginosa. For example, P. aeruginosa (syn. 2;
polycolor) has been cited as a pathogen on lettuce ( 15,28),
sugarcane (10), and tobacco (7). It has also been reported
as weakly pathogenic to chrysanthemums (38). However,
the methods used to identify P. aeruginosa in some of the
reports (10, 15, 28) cast doubt as to the authenticity of the
identification; the described bacterium could well have
been P. marginalis or other species. Green et al. (20)
subsequently reported that P. aeruginosa occurred in
certain agricultural soils, as did Ringen and Drake (31),
and had the capacity to multiply and persist for
considerable periods in plants. Shooter et al. (34) found
P. aeruginosa in hospital foods, and Kominos et al. (24)
implicated fresh vegetables as probable sources for
introduction of P. aeruginosa into hospitals. Kominos
further showed that many isolates from vegetables were
indistinguishable from clinical isolates on the basis of
pyocin typing.

These studies prompted us to extend the
epidemiological investigations of P. aeruginosa from the
hospital to agricultural areas. We report herein the
recovery of P. aeruginosa from potted ornamental plants
from commercial sources and discuss the possibility that
these plants serve as vehicles for the introduction of the
bacterium into a hospital environment. An abstract of
this work has been published (6).

MATERIALS AND METHODS.—Isolation and the
identification of P. aeruginosa.—Foliage and soil
samples from potted ornamental plants were examined
for the presence of P. aeruginosa. Chrysanthemum
samples included rooted cuttings from propagation
houses, and potted plants from nurseries and retail
outlets. Potted African violets, azaleas, and hydrangeas
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were sampled from both nurseries and retail outlets;
petunias were sampled only from retail outlets. Soil
samples were obtained from pots of the sampled plants
from both nursery and retail sources. Freshly steamed
sterilized soil mixtures prepared for planting were also
sampled from nurseries.

Five leaves from each of 10 individual plants were
assayed to estimate the average population of P.
aeruginosa per leaf. Each leaf was triturated in 2 ml of
sterile distilled water with a mortar and pestle, and a 10-
fold endpoint dilution of the suspension was made in test
tubes containing 4.5 ml of broth consisting of acetamide
and salts (35). Estimates of the percentages of plants
harboring P. aeruginosa were obtained by placing 10 to
20 leaves from individual plants into 250 ml Erlenmeyer
flasks containing 50 ml of acetamide broth. Acetamide
broth cultures from the above two experiments were
subcultured on cetrimide agar (4) after 48 hours of
incubation at 42 C on a rotary shaker at 150 rpm.

Soil was assayed by placing 10-g samples in 100 ml of
sterile distilled water and agitating each sample for 30
minutes on a rotary shaker at 300 rpm. Soil suspensions
and dilutions thereof were then plated on cetrimide agar.
All cultures were incubated at 42 C.

After 24 hours of incubation, colonies that fluoresced
on cetrimide agar when irradiated with a UVSL-13
ultraviolet lamp (Ultra-Violet Products, Inc., San
Gabriel, California) were suspected to be P. aeruginosa.
Additional tests for identification included growth and
fluorescence in acetamide broth after 24 hours of
incubation at 42 C (35), a positive oxidase test (19,21,37),
pyocyanin production and production of slime in 2-
ketogluconate (21), and growth on geraniol and
denitrification (37).

Pyocin typing. —Strain identification of P. aeruginosa
isolates was made on the basis of pyocin production. All
isolates of P. aeruginosa from the foliage and 77
representative isolates from soil were pyocin typed.
Typing was based on the inhibition patterns of these
isolates on 11 indicator strains according to the technique
developed by Darrell and Wahba (9) as modified by
Zabransky and Day (42).

Plant pathogenicity tests.—The capacity of 10 clinical
strains of P. aeruginosa to rot plant material was
compared with six strains isolated from ornamental plant
material. The clinical strains were common pyocin types
isolated from infected hospital patients. Comparable
pyocin types isolated from ornamental plants were used.

Twenty-four-hour-old cultures of P. aeruginosa were
suspended in sterile distilled water at about 10° cells/ ml.
Five ml of each suspension was sprayed onto lettuce slices
(Lactuca sativa L. ‘Great Lakes'). Celery stalks (Apium
graveolens L. ‘Dulce’) 8 cm long, and potato tuber slices
(Solanum tuberosum L. ‘White Rose’), 1.5-cm thick, were
inoculated by stabbing with a dissecting needle dipped
into the bacterial suspensions. Inoculated plant materials
were incubated in a moist environment approximately
100% relative humidity (RH)] at 24-25 and 37 C. Rotting
was observed daily up to 7 days after inoculation. Each
test was run three times with three replications.

RESULTS.—Population of P. aeruginosa on
foliage.—Ninety percent of the chrysanthemums from
propagation houses harbored populations of P.
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aeruginosa at approximately two to five cells per leaf
(Table 1). The RH of these houses was approximately 90
to 100%. In nurseries with 50-60% RH, approximately
36% of the chrysanthemums harbored P. aeruginosa.
However, the bacterium was found on only 229 of the
plants in retail houses with 10 to 20% RH.
Pseudomonas aeruginosa was isolated from one of 10
African violet plants from nursery sources, but was not
isolated in the 10 plants sampled from retail sources.
Three of 15 petunia plants sampled from retail outlets was
colonized by the bacterium. Pseudomonas aeruginosa
was not isolated from the foliage of 30 azaleas, 40
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hydrangeas, and 10 hanging fern plants sampled from
nursery and retail sources.

Soil population of P. aeruginosa.—Planting-soil
mixtures supporting ornamental plants contained
populations of P. aeruginosa up to 5 X 10° cells/ g (Table
2). Although P. aeruginosa was not found on hydrangea
and azalea foliage, the soil in which these plants were
growing contained approximately 2 X 10* cells/g. Soil
mixtures sampled prior to planting also contained P.
aeruginosa.

The percentage of soil samples infested with the
bacterium ranged from 67 to 100%. However, the

TABLE 1. Populations of Pseudomonas aeruginosa found on the foliage of various potted ornamental plants

No. of leal samples

ctl:Iltau:}":d Plants with with colony counts of
Plant Source (no.) P. aeruginosa I to 10 11 to 100

Chrysanthemum Propagator 30 27 27 0
Chrysanthemum Nursery 108 50 46 4
Chrysanthemum Retailer 61 22 22 0
African violet Nursery 10 1 1 0
Alrican violet Retailer 10 0 0 0
Azalea Nursery 5 0 0 0
Azalea Retailer 25 0 0 0
Fern Nursery 10 0 0 0
Hydrangea Nursery 20 0 0 0
Hydrangea Retailer 20 0 0 0
Petunia Retailer 15 3 3 0

TABLE 2. Populations of Pseudomonas aeruginosa from the soil in which various ornamental plants were growing

Soil samples

No. of samples with P. aeruginosa

(population/g of soil)

cultured No. of samples

Plant Source (no.) positive 10°to 100 10"to 10 10°to 10° 10" to 10"
Chrysanthemum Nursery 9 9 4 1 3 1
Chrysanthemum Retailer 12 8 6 1 I 0
Alrican violet Nursery 5 5 5 0 0 0
African violet Retailer 10 10 10 0 0 0
Azalea Nursery 2 2 2 0 0 0
Hydrangea Nursery 2 2 2 0 0 0
Petunia Retailer 5 4 4 0 0 0
None’ Nursery 4 3 2 | 0 0

"Samples from freshly steamed pasteurized potting soil mixtures prepared for planting,

TABLE 3. Pyocin types of Pseudomonas aeruginosa isolated from potted ornamental plants

[:;II)::?S Pyocin types
Plant Source (no.) B-6 B-7 D-2 F-2 F4 F-6 I 0 R-1 T VT* NT"

Chrysanthemum foliage Propagator 32 0 16 0 4 0 1 0 0 0 0 3 8
Chrysanthemum foliage  Nursery 26 2 0 0 2 0 9 I 3 0 1 l 7
Chrysanthemum foliage Retailer 18 0 4 3 0 4 0 1 1 1 1 0 3
Chrysanthemum soil Nursery 37 | 0 0 0 0 0 0 0 0 0 5 31
Chrysanthemum soil Retailer 7 0 0 0 0 0 0 0 0 0 0 1 6
African violet foliage Nursery 6 0 0 0 0 0 0 0 0 0 0 1 5
African violet soil Nursery 10 0 0 0 0 0 0 0 0 0 0 0 10
African violet soil Retailer 10 0 0 0 0 0 0 2 0 0 0 0 8
Azalea soil Nursery 3 0 0 0 0 0 0 0 0 0 0 0 3
Hydrangea soil Nursery 9 0 0 0 0 0 0 0 0 0 0 0 9
Petunia foliage Retailer 3 0 0 0 0 0 0 0 0 0 0 0 3
Total 161 3 20 3 6 4 10 4 4 1 2 1 93

VT indicates variable type.
"NT indicates nontypable.
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IABLE 4. The capacity of clinical and plant isolates of
Pseudomonas aeruginosa to damage various plant material'

Damage after 4 days

Pyocin

Isolate type  Origin Celery”  Lettuce’  Potato’
PA-3 D-2 Human +++ +++ +++
PA-9 D-2 Human ++++ ++++ ++++
P-169 D-2 Plant = + +++
P-168 D-2 Plant + -+ 44+
PA-7 J-6 Human ++ 4+ A
PA-8 B-6 Human +H++ ++
P-185 B-6  Plant e ++
PA-13 B-4 Human ++ +++ ++
PA-10 B-7 Human + + =
P-18 B-7 Plant ++ +++ ++
P-31 B-7 Plant + +++ 4+
PA-11 F-6 Human - = -
PA-12 F-6 Human + + +

Plant ++ +++ +

P-179 F-6

“Tests were conducted under approximately 1009 relative
humidity at 37 C.

"~ = no symptoms; + = one-quarter or less of the plant tissue
water-soaked; ++ = one-quarter to one-half of plant tissue
water-soaked; +++ = one-half to entire plant tissue water-
soaked and slight rot; and ++++ = total collapse of the tissue in
the case of lettuce; entire tissue water-soaked and tissue soft with
celery.

‘— = no symptoms; + = growth on the surface, but no soft rot;

t+ = growth over the entire surface and slight rot only near the

area of initial inoculation; +++ = growth over the entire surface
and one-quarter to one-half of the slice soft; and ++++= growth
ever the entire surface and the entire slice soft.

population of P. aeruginosa was much less in soil from
retail houses than in soil from nursery sources.

Pyocin typing.—Seventy-one percent of 76 isolates
from chrysanthemum foliage were identifiable as pyocin
types (Table 3). The principal types were B-7, F-2, and F-
6, which belong to the groups of major clinical strains
isolated from infected hospital patients (23, 24). Four of
these isolates gave variable typing patterns (VT) in that
they exhibited different inhibition patterns on the 11
indicator strains used in replicate tests. The remaining 18
isolates did not inhibit any of the indicator strains and
therefore could not be typed [nontypable (NT)]. The
majority of the isolates from the foliage of the ornamental
plants were nontypable. Five isolates from African violet
foliage were nontypable and one produced a variable
pattern. Three isolates from petunia foliage were
nontypable.

Only two of 45 representative isolates from soil in
which chrysanthemums were growing could be identified
by pyocin typing. These strains were types B-6and T, and
were not commonly found on plant foliage. Thirty-seven
isolates were nontypable and the remaining six produced
a variable typing pattern. Two of 20 isolates from African
violet soil mixtures could be typed. Both were of the type |
group and the rest were nontypable. Three isolates from
azalea soil mixtures and all nine isolates from hydrangea
soil were nontypable.

Plant pathogenicity.—Several strains of P. aeruginosa
isolated from plants and from infected human patients
produced similar rotting symptoms on celery, lettuce, and
potato slices (Table 4). The amount of rot varied
considerably among strains with some causing none.
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Most nontypable isolates from ornamental plants
produced neither water-soaking nor rot symptoms. Rate
of symptom development on all inoculated plant material
was optimal at 37 C. Similar symptoms and ranking,
however, were observed on these plant materials when the
incubation temperature was lowered to 30 and 24-25 C,
but these symptoms were delayed for 4-7 days. Because
there was little difference in the final result of these
inoculations, 37 C was used routinely.

The following symptoms were observed on inoculated
plant material when incubated at 37 Cand approximately
1009% R H: With celery, a water-soaked reaction occurred
1 day after inoculation (Fig. 1). The reaction zone turned
either dark-green or brown about the inoculation site
after 2 days. This water-soaking continued to spread
throughout the stalk during the 4-5 day incubation
period. Some of the celery stalks became soft around the
inoculation site or throughout the entire stalk. Some
strains did not infect the stalks.

The first symptom observed with lettuce was water-
soaking on the fringes of the slice after 2 to 3 days
of incubation. This symptom progressed inward,
principally from the cut edges of the slice and the
noninjured tips of young leaves. Many strains of the
bacterium invaded the entire slice, causing water-soaking
throughout the tissue (Fig. 2). A few strains rotted the
entire slice and the tissue collapsed 4 days after
inoculation. However, the isolates varied in virulence and
some caused little or no rotting of the lettuce tissue.

DISCUSSION.—Isolation of P. aeruginosa from the
foliage of potted ornamental plants and soils used as
planting mixtures indicated that both may serve as
sources for the bacterium, thus supporting the report of
Green et al. (20) who cited soil as its natural habitat.
Although the bacterium readily colonizes certain plants
(20, 24) under favorable environmental conditions, plants
most likely are only transitory sources for the bacterium.
The population of P. aeruginosa declines when plants are
grown under relatively dry conditions (20). The present
study confirms this since the bacterial population on
chrysanthemums and number of infested plants
decreased markedly when transferred from humid
greenhouses to retail outlets with low humidities.

It appears that certain plants are colonized more
readily by P. aeruginosa. For example, highest
populations of the bacterium were isolated from
tomatoes, radishes, celery, and carrots in descending
order (24). Among ornamental plants, chrysanthemums
supported the highest population of P. aeruginosa, and a
greater percentage was infested than were other
ornamental plants. Plants also appear to select certain
strains of the bacterium from the soil reservoir; 78% of the
isolates from chrysanthemums produced pyocins, of
which 939% were identified as distinct pyocin types.
Kominos et al. (24) further reported that a high
percentage of isolates from vegetable material entering
hospitals also produced pyocins of which 849% were
identified as distinct pyocin types indistinguishable from
clinical isolates. It was particularly noteworthy that some
of the isolates from plants used in our studies also were
indistinguishable from clinical strains on the basis of
pyocin typing. The majority of the isolates from soil,
however, were nontypable. It is possible that some non-
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Fig. 1. Leaves of lettuce (cultivar, Great Lakes) exhibiting rot 72 hours after inoculation with a clinical strain of Pseudomonas

aeruginosa, isolate PA-3.

pyocinogenic strains in soil are potential human
pathogens and that the modes for introduction of these
strains into the hospital environment are limited. The use
of pyocin typing method for the identification of P.
aeruginosa strains therefore may have to be
supplemented with serological or bacteriophage typing
methods (12, 16).

Pathogenicity tests demonstrated the similarity
between clinical and plant isolates in their capacity to rot
plant material. No correlations, however, could be made
between pyocin types and rotting capacity, or between
rotting capacity and sources of isolation, clinical or
agricultural, because of the variation in virulence
observed among the isolates. Perhaps a relationship may
be detected using a greater number of isolates.

The question of whether or not P. aeruginosa is a true
plant pathogen appears somewhat controversial.
Although it has been reported as a pathogen on several
plants (7, 10, 15, 28), it has not been readily accepted as a
“typical” plant pathogen, presumably because it does not
cause macroscopic damage unless the plants are subjected
to conditions of high moisture. Our pathogenicity tests,
however, suggest that certain strains are capable of
rotting plant material under environmental conditions
that can occur in the field or during the marketing
process. We therefore are inclined to view P. aeruginosa
as a “quasi-pathogen” that is part of the continuum
extending from saprophytism to parasitism. It probably
is representative of a number of bacteria, such as P.
viridiflava (2, 41), that have pathogenic potential, which
is expressed during certain environmental conditions,
especially those unfavorable to plant growth.

Thus far, clinical microbiologists have not traced a
single nosocomial infection to an ornamental plant
source (33), and there is no evidence that these plants
constitute a primary source of bacteria for hospital
infections. Although Taplin and Mertz (40) found large
populations of P. aeruginosa and other gram-negative
bacteria in vase water with cut flowers, they do not feel
that flowers constitute a major threat to most patients in
general hospitals. They suggested, however, that plants
should not be introduced into wards with highly
susceptible patients. Further, the population of P.
aeruginosa carried by ornamental plants may be
insignificant when considering that salads and vegetables

Fig. 2. Celery stalks 72 hours after inoculation with clinical
and agricultural strains of Pseudomonas aeruginosa showing
differences in strain virulence; left to right, PA-3 (clinical), PA-8
(clinical), P-185, PA-11 (clinical), and P-169 (agricultural).

in hospitals harbor relatively high populations of P.
aeruginosa (24). Patients consuming these salads could
ingest as many as 5 X 10" cells of the bacterium.
Although pyocin typing indicates that human and
certain plant strains of P. aeruginosa are similar, this
offers only circumstantial evidence to the supposition
that patients acquire the organism from vegetables. Final
proof depends upon further studies such as the one
currently underway at Mercy Hospital, Pittsburgh,
Pennsylvania. Patients who are admitted free of P.
aeruginosa are examined to determine whether or not
they can acquire the bacterium via consumption of fresh
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vegetable salads and become colonized in the
gastrointestinal tract. In addition, these studies are
designed to determine whether or not P. aeruginosa
acquired from vegetables can lead to infection of
debilitated patients.

These studies with the objective of determining the role
of a plant bacterium in human disease shows the
beginning of cooperative efforts between plant
pathologists and medical microbiologists. Other species
of bacteria involved in human disease and reportedly
isolated from plants are Klebsiella pneumoniae,
Enterobacter cloacae, Enterobacter agglomerans (syn.
Erwinia herbicola - lathyri group), Serratia-marcescens
(3, 24, 27, 30, 32, 34, 39) and Pseudomonas cepacia(5,11,
36). We believe that these two fields should intensify
cooperation, since previous studies suggest that plants
may serve as natural reservoirs for microorganisms that
have pathogenic potential to man.
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