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Observations of bacterial soft rot of onions in the Lake Labish

area in the Willamette Valley of western Oregon showed that two dis-

tinct symptom types occur during the growing season. The most

prevalent symptom type appears in infected plants as a wilting and

chlorosis of two or more lower leaves which is followed closely by

appearance of elongated lesions emerging from the neck and extending

up the adaxial side of one or more young leaves. Although most

infected plants showing these symptoms usually decay quickly, some

plants may appear to partially recover if conditions unfavorable for

disease development return.

A second symptom type is evident in those infected plants in

which the collapse of all emerged leaves occurs simultaneously.

During leaf collapse, foliar color changes from dark green to grey-

green and finally, with desiccation, to light tan.



Two kinds of soft rot also occur commonly in stored onions.

One kind of decay, commonly called "slippery skin, " is characterized

by the progression of soft rot down through one or two of the outer

fleshy scales. These scales turn yellowish, soft, and are foul

smelling. A second kind of soft rot is characterized by the interior of

the bulb being totally macerated and putrid, but only slightly dis-

colored. Only one or two of the outer fleshy scales remain firm.

This decay is commonly called "stinking rot" because of its very

offensive odor.

Initial appearance of bacterial soft rot in the third week of June

is directly related to occurrence of rain and cool, cloudy weather in

the previous week. Occurrence of such periods of inclement weather

are found to be predictable when past records of local climatological

conditions are analyzed. Area-wide outbreaks throughout the

remainder of the growing season also are related to such periods of

inclement weather. The relationship between weather and disease

suggests that outbreaks of bacterial soft rot can be forecast by

occurrence of such periods of inclement weather.

Irrigation of onions with contaminated surface waters signifi-

cantly increases the amount of bacterial soft rot in the field, at

harvest time, and in storage, over that found when uncontaminated

well water is used. Varying the frequency of irrigations, the rates of

application, and the size of sprinkler nozzles affect the amount of



soft rot in the field and in storage somewhat less than does the source

of water. Longer and more frequent periods of irrigation increase the

incidence of bacterial soft rot.

Much of the decay seen at harvest is either soft rot which has

totally decayed the bulbs and will not go into storage, or is fungal in

origin. Including storage rots which are fungal in origin under the

general grouping of "soft rots" inflates the estimation of losses due to

bacterial soft rot.

Three isolates of seventeen unknown isolates capable of

decaying inoculated onion bulbs were identified as Pseudomonas

cepacia. Five isolates which lack ability to produce a water-soluble

fluorescent pigment and possess a nitrate reductase system were

otherwise virtually identical to P. cepacia. Two additional isolates

were identified as P. cichorii on the basis of physiological tests.

Three other isolates were provisionally identified as members of the

genus Erwinia on the basis of cell shape, flagellation, and patho-

genicity. The remaining four isolates were not identified.
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THE ETIOLOGY OF BACTERIAL SOFT ROT OF ONIONS AND
IDENTIFICATION OF THE CAUSAL ORGANISMS

INTRODUCTION

Onions are an important food crop worldwide. They are grown

commercially on every continent and in almost every country. Russia,

Turkey, Pakistan, and Brazil individually devote greater acreages to

onion production but the world's largest producer, because of higher

yields per acre, is the United States (36) where more than one and

one-half million tons of onions are harvested annually from 100,000

acres (25). The major portion of the acreage is in the northern states

from New York to the Pacific Coast (112).

In Oregon, approximately 170,000 tons of onions are harvested

annually from about 7,100 acres and have a farm value of 14 1/2 mil-

lion dollars. This presently ranks Oregon first in the nation in yield

per acre, third in farm value of the crop, and fourth in. acreage (25).

Accurate estimation of disease losses of onions is difficult.

Losses from 10 to 15% are commonly reported for western Oregon

although confirmation of such losses is unavailable. Most estimates

are based on cullage of stored onions and include losses due to

shrinkage (bulk weight loss), undersize and doubles, mechanical

damage and diseases (32).
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In eastern Oregon over 5000 acres of onions, primarily the

cultivar "Yellow Sweet Spanish, " are grown on the irrigable mineral

soils of Malheur County. Summers are characteristically hot and free

of rainfall. Furrow irrigation is used almost exclusively in this

onion producing area. The major disease problems encountered dur-

ing the growing season are soil borne. Pink root, caused by

Pyrenochaeta terrestris (Hansen) Gorenz, Larson, and Walker, is of

greatest concern and is dealt with perennially by fumigation and crop

rotation (46). Basal bulb rot, caused by Fusarium oxysporum

Schlecht. f. sp. cepae (Hanz. ) Snyder and Hansen is sometimes

serious (1). Neck rots caused by Botrytis allii Munn, B. byssoidea

Walker, and B. squamosa Walker (109), are a problem when onion

bulbs are not fully cured and dried prior to being placed in

storage (102).

Onions are grown in the Willamette Valley of western Oregon on

deep peat soils at Gaston, Sherwood, and Lake Labish, with approxi-

mately 1600 of the total 2100 acres at Labish. Oregon Yellow Globe

Danvers is the predominant cultivar. The "Leedy" and "Beirley"

strains are most popular.

Soil-borne fungi are present in this area also. Onion smut,

Urocystis cepulae Frost, is an everpresent threat to seedling

emergence and survival, and protective chemicals must be applied at

planting time (20). Pink root and basal bulb rot can be serious in



localized areas, but are not presently considered major problems.

The major air-borne fungus pathogen of onions in the

Willamette Valley is downy mildew (Peronospora destructor (Berk.)

Caspery). Its prevalence is greatly enhanced by the cool nights and

warm days which are frequent after midsummer (20). Overhead

irrigation used throughout the area further enhances mildew and

requires that growers follow a bi-weekly spray program.

Soft rots of vegetables are commonly considered senescence or

storage diseases (20), and this is generally true of bacterial soft rots

of onions (13, 14, 112). While reports of the occurrence of bacterial

soft rot of onions before harvest are rare (71, 85), in western Oregon

rot occurs initially in late June and continues sporadically throughout

the remainder of the season. Although soft rot affects only 0.1 to

2. 0% of the plants, the repugnant odor of decaying bulbs makes it

readily noticeable. Bulbs infected in early summer decay rapidly,

usually in less than 72 hours, but bulbs infected late in the season

decay more slowly and often go unnoticed into storage. The decay

continues in storage, with the juices from rotting bulbs staining sur-

rounding healthy bulbs. The cull percentage increases dramatically,

as does the cost of handling and sorting, and grade of the entire crop

is lowered. In severe infections, this can be economically disastrous.

The first objective of this study was to investigate the factors

that contribute to the occurrence and severity of bacterial soft rot in
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the field and in storage and to suggest practical measures of control.

The second objective was to identify the causal organism or organisms.

Absence of published works on the field biology of bacterial soft

rot of onions has restricted the review of the literature to the history

and distribution of bacteria causing soft rot of onions. Symptoms of

bacterial soft rot are then described and compared with published

symptom descriptions.

Development of bacterial soft rot is dependent on a complex

interaction of climatological conditions and cultural practices. The

relationship of temperature and moisture to the seasonal appearance

of soft rot is examined. Investigations into the role of irrigation

water in the incidence and severity of soft rot show that by modifica-

tion of cultural practices, much of the loss due to soft rot can be

avoided.

Finally, identification of bacteria associated with soft rot

symptoms indicates that at least one species of bacteria causing soft

rot of onions elsewhere has also been isolated from decaying onions

in western Oregon.
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REVIEW OF LITERATURE

Causal Or anisms and Their Geo ra hical Distribution

Decay and putrefaction of onion bulbs has been reported

throughout the history of bacterial phytopathology from around the

world, with many species of bacteria being implicated. In 1887

Griffiths (42) reported the isolation of "Bacterium allium sp. n. "

from putrefying onion bulbs but made no claims as to its pathogenicity.

After examining Griffiths' original description, Burkholder (13) con-

cluded that Griffiths had isolated one of the green-fluorescent

saprophytes (now of the genus Pseudomonas). Similarly, other

bacterial species have been reduced to synonymy (Figure 1) and only

Erwinia carotovora (Jones) Holland, Pseudomonas marginata

(McCulloch) Stapp (=P. alliicola (Burkholder)Starr and Burkholder),

and Pseudomonas cepacia Burkholder are presently recognized as

causes of bacterial soft rot of onions-

Erwinia carotovora

In 1899, Stewart (95) described a bacterial soft rot which had

been devastating on onions grown in Orange County, New York, in the

summer of 1898. He made no attempt to identify the causal organism

but suggested it might have been the same organism causing rot of
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1900

1910

192

1930

194

1950

960

Bacillus carotovorus
Jones 1901

Bacillus cepivorus
Delacroix 1006

Bacterium marginatum
McCulloch 1921

Pseudomonas marginata
(McCulloch) Stapp 1928

1970

P.

rwinia carotovora
(Jones) Holland 1920

Qhupp1925

Bacterium cepivorum
(Delacroix) Stapp 1928
lanobacter cepivorus

(Delacroix)Elliott 1930

Phytom*onas all iicola Burkholder 1042
Pseudomonas alliicola (Burkholder)

Starr & Burkholder 1942

Ballard 970

arginata

Pectobacterium carotovoru
Waldee 1945

Pseudomonas cepacia
Burkholder 1950

Pseudomonas multivorans
Stanier et al. 1966

Pseudomonas king i i
Snell 1972

Jonsson 1970-) V
P. cepacia E. carotovora

Figure 1. Synonymy of bacteria causing soft rots of onions.
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onions and other plants in New Jersey as reported by Halsted (43) in

1890.

Delacroix (26) in 1906 reported the isolation of a bacterium

from rotting onions in France and proved its pathogenicity. He named

the pathogen Bacillus cepivorus sp. n. but the description was so

incomplete that it gave later workers reason to wonder which species

he was actually considering (13). In 1911, Giampietro (41) reported

from Italy that Bacillus coli (Migula)Lehmann and Neumann 1896

caused a rot of onions and that B. coli and B. cepivorus were identical.

In 1918, Bacillus coli was reduced to a synonym of Escherichia coli

by Castellini and Chambers (8).

Reports from the Azores in 1926 (5) and from Poland in 1933

(40) retained the name Bacillus cepivorus Delacroix. Stapp (92) in

1928 again reduced Bacillus cepivorus to a synonym by placing the

organism in the genus Bacterium and renaming it Bacterium

cepivorum (Delacroix)Stapp. In the same year Passalacqua (76),

apparently unaware of Stapp's revision, reported a rot of stored

onions caused by Bacterium cepivorum (Delacroix)T. Passalacqua.

Elliott (33) again realigned the species in 1930 and it became

Aplanobacter cepivorus (Delacroix)Elliott.

In 1901, Jones (52) described a bacterium capable of causing

soft rot of a number of vegetables, including onion, and named it

Bacillus carotovorus sp. n. (53). Chupp (19) felt that the organism



8

originally described by Delacroix did not differ significantly from

Jones' organism and in 1925 reduced Bacillus cepivorus Delacroix to

a synonym of Bacillus carotovorus Jones.

Molz and Miller (71) in 1926 described an outbreak of a bacterial

soft rot of onion in Germany which affected both bulbs and green parts

during a particularly wet season. Although no identification was

made, description suggests that it probably was Bacillus carotovorus.

Sackett (85) found Bacillus carotovorus causing soft rot on onion necks

and bulbs in Colorado in 1927. In 1929 Machacek (66) found Erwinia

carotovora (Jones)Holland (=Bacillus carotovorus) causing a soft rot

of onion bulbs which had been imported into Canada from Spain.

Holland's revision (50) of the genera of bacteria in 1920 was not

initially accepted. Leach (65) in 1930 reported Bacillus carotovorus

occurring in Minnesota and in 1935 Okabe (74) reported that

B. carotovorus occurred in Taiwan, but by 1950 Erwinia carotovora

(Jones )Holland was accepted virtually worldwide and additional reports

of its pathogenicity on onions came from Japan (96) and Poland (6).

Waldee (107) in 1945 proposed the genus Pectobacterium to

include those phytopathogenic species of Erwinia which possessed

pectolytic abilities. Under this revision, Erwinia carotovora became

a synonym of Pectobacterium carotovorum (Jones)Waldee. To date

this revision has received only limited acceptance (31).
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Pseudomonas marginata

This bacterium was first isolated from decaying onion bulbs and

named Phytomonas alliicola sp.n. in 1942 by Burkholder (13). The

genus Phytomonas had originally been proposed by Bergey in the

tribe Erwinieae of the family Bacteriaceae along with the genus

Erwinia. Phytomonas was to contain all motile plant pathogens from

the genus Pseudomonas (11). However, Starr and Burkholder (93)

further considered the status of Phytomonas and the tenuous separa-

tion of Pseudomonas and Phytomonas (12, 78) and renamed the species

Pseudomonas alliicola (Burkholder)Starr and Burkholder in the

family Pseudomonadaceae (8).

More recently the nutritional and DNA-DNA homology studies of

Ballard et al. (4) provide strong justification for considering

Pseudomonas alliicola a synonym of Pseudomonas marginata

(McCulloch)Stapp, originally described as a pathogen of gladiolus

leaves (69). Schroth and Hildebrand (87) have reaffirmed this rela-

tionship in their simplified key for Pseudomonas species.

Very few reports are available on the distribution of Pseudo.-

monas marginata on onions. In 1944 Cassell (18) reported that

P. alliicola was causing losses of up to 1.0% in some onion storages

which were monitored in Massachusetts. A report from Thailand in

1961 implicated P. alliicola as a problem on onions (35), Vitanov
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found this bacterium present in Bulgaria and, in 1967, suggested that

severe attacks of downy mildew favored bacterial infection (103).

Pseudomonas cepacia

Burkholder (14) isolated and described Pseudomonas cepacia

sp. n. from decaying onion bulbs from New York. Rather than causing

the tissues to be watery and glassy in appearance, as they are when

affected by P. marginata, P. cepacia caused a slimy, yellow, soft rot

called "sour skin" or "slippery skin" by the onion growers. Inocula-

tion of onion seedlings failed to incite the soft rot symptoms, but

when mature bulbs were inoculated, the rot progressed "slowly but

steadily" down through the scales (14). As with P. marginata (13),

Burkholder concluded that P. cepacia is a disease of mature tissues

only. More recently, Kawamoto and Lorbeer (58) observed naturally

infected bulbs in fields before harvest and suggested that these infec-

tions occur by the ingress of the bacterium through wounds in the

leaves or neck.

The geographical distribution of Pseudomonas cepacia is not

known. The only report of the occurrence of this organism outside the

United States if from Ontario, Canada, where it was found to be a

problem of stored onions (24).

Stanier et al. (91) described a bacterium which had been

isolated from the soils and river water of several countries and even



from urine of a person with a urinary tract infection. They named

this ubiquitous organism Pseudomonas multivorans sp. n. , because of

its unique nutritional versatility.

Ballard et al. (4) compared P. multivorans and P. cepacia and

found that their nutritional spectra were virtually identical. They

concluded that P. multivorans should be considered a synonym of

P. cepacia. The nutritional studies of Sands et al. (86) confirmed

this conclusion. Schroth and Hildebrand accepted this synonymy in

their key for Pseudomonas species (87).

Jonsson (55) in 1970 described a new species, Pseudomonas

kingii sp. n. , which had been isolated from a wide range of clinical

sources. These isolates had been designated as "eugonic oxidizers"

because of their ability to grow abundantly on most laboratory media

and the oxidative utilization of carbohydrates by the bacteria. In

1972 Snell et al. (89) compared strains of Pseudomonas cepacia,

which they had isolated with three eugonic oxidizers (E0-1 strains),

two strains of P. multivorans, and the type species of P. cepacia and

P. kingii. Results indicated that P. kingii and the EO-1 group were

synonymous with P. cepacia. Clearly P. cepacia has the nutritional

potential which allows it to be a ubiquitous and competitive saprophyte,

as well as a successful plant pathogen.
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Other Bacteria

There have been scattered reports of other bacteria causing soft

rot of onions, Bacterium croci (Mizusawa) Burgwitz (63, 106) and

Bacillus mesentericus (Flugge)Migula (=Bacillus subtilis) (47, 51)

were isolated from decaying onions in Russia. Hingorani and Malls.

(48) isolated a bacterium which was pathologically, morphologically,

and physiologically related to Pseudomonas marginalis (Brown) -

Stevens.

Erwinia rhapontici (Millard)Burkholder, the causal agent of

crown rot of rhubarb (Rheum rhaponticum L. ), produces a soft watery

rot when introduced into onion bulb tissue (29, 104), as do some

isolates of Erwinia aroideae (Townsend)Holland (49), Successful

inoculation of onion bulbs with Pseudomonas syringae van Hall has

been reported from Yugoslavia (2). Pseudomonas cichorii

(Swingle)Stapp, the causal agent of center rot of chicory (Cichorium

intybus L.), also causes soft rot when onion bulbs are inoculated

(15, 64). Pseudomonas marginalis, a soft rotter of lettuce, has been

reported as having the ability to rot inoculated onion bulbs (15).
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SYMPTOMOLOGY OF BACTERIAL SOFT ROT OF ONIONS
IN WESTERN OREGON

Description of the symptoms of bacterial soft rot affecting onion

plants before maturity and harvest is virtually lacking. In 1927

Sackett (85) wrote:

A disease of onions on the Western Slope (Colorado)
characterized by a premature blanching and falling over
of the tops, accompanied by a soft rot in the neck was
shown to be due to an infection with Bacillus carotovorus
(=Erwinia carotovora).

Molz and Muller (71) described a similar outbreak in onions in

Germany in 1926. They noted the offensive odor which was emitted

by the decaying onions and suggested that the exceptionally wet grow-

ing season was the cause of the epidemic-like behavior of the soft rot.

They made no attempt to identify the causal organism. Years earlier

Stewart (95) also had suggested that inclement weather played a domi-

nant role in the severity of the soft rot of onions he described.

Descriptions of symptoms of bacterial soft rot of onion bulbs in

storage are more numerous. Stewart (95) found that in the majority of

infected bulbs rot started at the top of the bulbs, suggesting entry of

the bacterium through the neck. Affected bulbs often appeared to be

sound, but were soft about the neck. When these bulbs were cut open,

often 2 or 3 of the outside scales appeared normal while the remainder

of the bulb was rotten. Stewart also noted that lateral spread from

scale to scale did not occur. The rot progressed down one scale to
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the basal plate of the bulb and then upward into adjacent scales.

Ken Knight's (60) description of bacterial soft rot of onion bulbs is

similar. He mentions that the causal organism also affected many

other vegetables, especially in storage, which suggests that Erwinia

carotovora was the causal agent. In 1919 Walker (108) indicated that

Bacillus carotovorus (=Erwinia carotovora) was the causal agent of

the soft rot of onions. Walker and Larson (112) later reaffirmed that

Erwinia carotovora was the causal agent of bacterial soft rot of stored

onions and stressed the importance of mechanical injury and freeze

damage in allowing the entry of the bacteria.

Burkholder (13) provided only a limited description of the soft

rot of onion bulbs infected with Phytomonas alliicola (=Pseudomonas

marginata). Inner scales of diseased bulbs were water soaked and

soft, not unlike frost injury. Burkholder later described this rot as

having a watery and glassy appearance (14). Apparently no other

reports of symptoms caused by this organism have been published.

Burkholder (14) described Pseudomonas cepacia as attacking

only certain of the outer fleshy scales of the bulb, which become

slimy and yellow. The yellow color was at least partly due to yellow

crystalline bodies under the epidermis of the bulb scales. Burkholder

felt that these crystals were of plant origin and made no attempt to

further identify them. Bulbs naturally infected with P. cepacia in the

field were recently observed well before harvest, but symptomology
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was not mentioned (58).

In general, soft rot bacteria are considered to be passive

invaders and enter only where the surface of the host has been broken

by mechanical injury, frost damage, or insect feeding (3, 110, 111).

Bacteria causing soft rots of onions exist as facultative

saprophytes in soil and in plant debris, and can enter their host

through wounds and senescent tissue (3). Burkholder (13, 14) felt that

both Pseudomonas alliicola (=P. marginata) and P. cepacia entered

senescing onion neck tissues when the tops were mechanically cut at

harvest time. Walker (108) and Walker and Larson (112) noted that

wounds caused by feeding onion maggots (Hylemya antigua Knight)

often became infected by Erwinia carotovora which was carried on the

body of the maggots.

The following is an effort to categorize soft rot symptoms

according to the time of the year when they occur and by the type of

symptom expressed. The details of these categories are based on

careful observation in the onion fields and storages in the Lake Labish

Area of Marion County, Oregon, from August 1968 through December

1973.

Field Symptoms

Disease first appears in the earliest planted onions between 15

June and 20 June when the plants are about 12 weeks old. At this time
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the plants have from 8 to 12 emerged green leaves and have initiated

bulb formation. The crop has usually had one or two supplemental

irrigations. The period of heavy clouds and showers has ended but

the relative humidity is very high. Day and night temperatures are

warm.

Under these conditions, two distinct symptom patterns develop.

The first type of symptom (Type I) is shown in Plate 1. Initially, two

to several outer leaves become dull grey-green and later yellow-

green as general chlorosis becomes apparent. Finally, these leaves

become brownish-white, collapse and desiccate. Simultaneously, the

younger leaves develop brownish-yellow, somewhat elongated lesions

at the point where they emerge from the neck of the bulb. At this

time, the upper portions of affected leaves may show only slight signs

of chlorosis, but the lesions finally encircle the leaf at the neck and

the entire leaf collapses, turns yellowish brown and is rapidly

desiccated.

The slightest pressure exerted on these leaves will remove them

from the neck of the infected bulb. An odor much like cooked onions

is emitted from plants showing the Type I symptoms. When pressure

is exerted on the shoulders of the onion bulb, a yellowish, foul-

smelling fluid is exuded from the neck, The scales of these bulbs

usually can be separated easily from the basal plate and root system,

which remain intact in the ground. Examination of these root
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Plate 1. Onion plant showing Type I symptoms in early July.
The lower leaves have collapsed and there is an
elongated lesion on the young leaf where it enters
the neck.
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systems indicates that they remain relatively unaffected until decay

of the above-ground portions of the plants is almost complete.

Under conditions optimal for disease development, decay of the

bulb may be complete in as little as 48 to 72 hours, but under less

favorable conditions, plants often show signs of arrest or recovery

(Plate 2). The most recently emerged leaves may have brown or

brownish-yellow sharply defined elongated lesions which appear to be

arrested in their development. These leaves are characteristically

twisted and distorted about the lesion and are often spiral or helical in

their growth pattern. Such plants never fully regain the ability to

grow normally and produce a saleable bulb, and many actually die

before the end of the growing season.

The second type of symptom pattern (Type II) evident in late

June or early July is characterized by an almost simultaneous col-

lapse of emerged leaves (Plate 3). During the collapse of these

leaves, the color changes from dark green of normal onion leaves to

a grey-green of flaccid, collapsing leaves and finally to a light tan or

tannish-white of fully collapsed and desiccated leaves.

With collapse of the leaves, an almost clear foul-smelling fluid

is exuded from the neck as leaf sheaths and internal bulb scales

collapse and decay. The odor from bulbs decaying in this manner is

much more offensive than that emitted from plants with Type

symptoms. Plants showing Type II symptoms, like those with Type I,



20

Plate 2. Onion plant that initially showed Type I symptoms
which has partially recovered. Note the infolding
and curling of the center leaves.
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Plate 3. Onion plant showing Type II symptoms in early July.
Decay of the entire plant is usually complete in 48
hours.
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can be easily dislodged leaving the basal plate and roots intact in the

soil. Decay of above ground parts of plants with Type II symptoms is

complete within 24 to 48 hours under conditions favorable for disease

development.

When the dry, sunny weather characteristic of the summers of

western Oregon begins in early July, plants showing Type II symptoms

occur more frequently than plants with Type I symptoms, although

each is encountered only infrequently. Only occasionally do high

incidences of soft rot occur in mid-summer, and such outbreaks are

related to either inclement weather or frequent and sustained periods

of overhead irrigation.

As the onion crop matures late in the growing season, infected

plants with Type I symptoms are again more abundant than plants with

Type II symptoms. When overcast skies and showers occur late in

the season, plants exhibiting Type I symptoms may become quite

numerous.

Harvest usually takes place during the last 2 weeks of August

and the first week of September. The mature onion bulbs are lifted

and placed in windrows for approximately 10 days to allow the onion

tops to dry. There is no indication that soft rot spreads from infected

to healthy bulbs while in the windrows before being placed into pallet

boxes and put into storage sheds.
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Storage Symptoms

Most plants which were infected during the early part of the

season have decayed and present no problem by the time the cured

crop is ready to be placed in storage, but those onions infected late in

the growing season, mainly plants which show Type I symptoms, may

go unnoticed into storage.

Two types of decay are readily apparent in onion bulbs in

storage. The kind most frequently observed begins at the top of the

bulb and progresses down through one or two of the fleshy outer

scales (Plate 4). Occasionally, only center scales are affected.

Infected scales are cream yellow to yellowish-brown, soft and mushy,

and characteristically foul-smelling. Although both adaxial and

abaxial epidermises are still intact, mesophyll cells are disorganized

and no longer cemented together. Opaque yellow crystals are com-

monly found in cells of the adaxial epidermis of these infected scales,

There may be one to several crystals per cell (Plate 5) and, in mass,

they can be seen macroscopically. Burkholder described similar

crystals in the epidermis of decaying bulb scales infected by

Pseudomonas cepacia and suggested that such crystals are actually a

response of the host to infection.

The soft rot progresses slowly within the bulb when kept at

normal storage temperatures, but infected bulbs rupture easily during
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Plate 4. The most common soft rot encountered in stored
onions at Labish. A. Longitudinal section through
the center of the bulb showing the pattern of decay.
B. The bulb appears normal from the outside.
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Plate 5. Dense yellow crystals in the cells of the adaxial
epidermis of bulb scales infected with the most
commonly occurring soft rot in storage.
(Magn. 250X)
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handling and grading operations and decaying tissues adhere to grading

machinery and to other onions, making grading procedures more

difficult and costly. This type of decay is referred to as "slippery

skin" by growers and brokers.

The second type of bacterial soft rot found in storage (Plate 6)

attacks the bulb in the same way as the first type but often all internal

scales are affected and only the outer 2 or 3 fleshy scales remain

intact. In longitudinal and cross section, scales show only slight

discoloration, but rather appear watersoaked and somewhat trans-

parent. In advanced stages of breakdown, the whole interior of the

bulb collapses into a liquified mass which often exudes from the neck

of the decaying bulb. The smell of these bulbs is much more putrid

than that of bulbs exhibiting the first type of decay. Infected bulbs

often decay almost totally in storage and their juices drain onto and

stain surrounding healthy bulbs. There is no indication that infection

of healthy bulbs occurs in storage. Based on observations of onions

in storage over the past five seasons, it is reasonable to expect that

for every soft rotting bulb which breaks down in storage, 5 to 10

healthy bulbs will be culled during grading because of the brown to

black discoloration of the outer dry scales resulting from the contact

with juices draining from one decaying onion.

Infected bulbs which remain intact until onions are graded late
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Plate 6. The second most frequent type of soft rot encountered
in storage. A. The entire center of the bulb is in
an advanced stage of decay and putrifacation.
B. The outside of the bulb still appears sound.
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in the storage period, almost always are ruptured by handling and

grading equipment and decaying tissues adhere to equipment and other

onion bulbs making the grading procedure more difficult and costly.
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RELATIONSHIP OF TEMPERATURE AND MOISTURE TO THE
SEASONAL APPEARANCE OF BACTERIAL SOFT ROT OF

ONIONS IN WESTERN OREGON

When growers were questioned about the history of the

occurrence of bacterial soft rot in the Labish area, they asserted that

soft rot had been present for many years. In some instances,

growers could recall seasons when soft rot had been particularly

severe and they had suffered heavy losses in their stored onions.

The most consistent point which emerged from conversations

with growers was the time of the initial appearance of soft rot. It was

widely agreed that in the earliest seeded onions, those planted between

10 April and 25 April, bacterial soft rot first appeared during the

third week of June. The consistency in time of appearance from

season to season suggests two possibilities. The first is that the

physiology of the onion may change about this time and the plants

become more susceptible. This seems possible since the onions are

in the early stages of bulb enlargement at this time.

The second possibility was that there may be a pattern in the

climatological conditions during the month of June which could account

for the dispersal and increase of bacterial inoculum, or be unfavor-

able for the optimal growth of the onion crop, so that widespread

infection might occur.
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Examination of climatological data (34) collected and compiled

by the U.S. Weather Service at Mc Nary Airport, Salem, 25 kilometers

southwest of Lake Labish, indicated that there is a relationship

between the temperature and rainfall pattern of the month of June and

the occurrence of bacterial soft rot. Figure 2 summarizes the

average daily temperature ranges and the daily rainfall for the past

10 years (1964 through 1973 ). Rainfall is expressed as the "rainfall

probability" which is derived by dividing the number of years in which

precipitation occurred on a specific date by the total number of years

being considered.

The product of this calculation is multiplied by 100 so rainfall

probability is thus expressed as a percentage.

The subtle depression in the daily maximum temperatures

occurring between 8 June and 14 June is of only passing interest until

this data is coupled with a significant increase in the rainfall probability

during this period. This correlation lends credance to the hypothesis

that periods of inclement weather during the month of June influence

the initial appearance of bacterial soft rot of onions, making this

disease a predictable phenomenon.

The average daily temperature ranges and the daily rainfall

probability for the past 25 years are summarized in Figure 3. The

same relationships were found to exist between the average daily

temperatures and the rainfall probability for the period 8 June to
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Figure 2. Mean daily air temperature ranges and the daily rainfall
probability for the month of June for the years 1964 through
1973. (Arrows indicate the date of the initial appearance of
bacterial soft rot.)
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14 June. Thus it appears that the initial occurrence of bacterial soft

rot is not only a predictable phenomenon, but that conditions favoring

development of soft rot are long-standing and not merely due to recent

climatological shifts.

To test the validity of this hypothesis, field studies were carried

out to monitor temperature and moisture conditions within the onion

growing area. The studies were initiated in June 1971 and continued

through August 1973, on a seasonal basis.

Materials and Methods

Measurement of Temperature

Two Marshalltown Model 1000 single-pen, 7-day recording

thermographs were used to record daily variations in soil and air

temperature. The instruments were housed in a ventilated shelter

measuring 51 cm long, 21 cm wide, and 26 cm high. This structure

was supported on legs 25 cm in length.

The shelter, with instruments intact, was placed in an onion

field between two onion rows in late May. The remote probe of one

instrument was placed 10 cm below an onion row during the 1971 sea-

son, at 20 cm below during the 1972 season, and 30 cm below during

the 1973 season. The probe of the second instrument was supported

at the end of an arm extending about 60 cm from the structure parallel
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with, and immediately over, the onion row and 50 cm above the

ground surface. This probe was sheltered from the direct rays of the

sun and from irrigation water and rain by an inverted V-shaped

shield made of two pieces of light exterior-grade plywood 40 cm long

and 30 cm wide joined in a 90° angle. The shield was supported by a

stake so that the probe was 15 cm below the angle of the shield. The

instrument shelter and the shield were painted gloss white to minimize

radiation absorption. The instruments were checked routinely for

proper operation and the charts were changed weekly.

Measurement of Humidity

During the 1971 and 1972 growing seasons, two Honeywell

Brown hygrothermographs were used to monitor daily fluctuations in

ambient relative humidity. The hygrothermographs were housed in a

shelter with a slanted roof, slatted sides and a slotted floor. The

shelter measured 125 cm long, 89 cm wide, and 81 cm high with the,

floor being approximately 10 cm above the ground. The entire struc-

ture was painted gloss white.

It was expected that this structure should provide the instru-

ments with minimal protection from sun and rain, as a more enclosed

shelter might affect the ability of the instruments to detect changes in

ambient relative humidity with minimal lag. Irrigation practices and

spraying operations which were carried out on frequent schedules
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made the placement of instruments in the field impractical. It was

necessary to place the shelter and instruments in an area approxi-

mately 20 meters from, but surrounded on three sides by onion fields.

Since it was the ambient relative humidity of the onion growing area

that was of primary interest, the placement of the instruments in this

area proved quite satisfactory. Although strenuous efforts were made

to calibrate each instrument, both hygrothermographs were placed in

operation for the purpose of continuously cross-checking their

performance.

Measurement of Rainfall

During the 1972 growing season, a Friez recording rain gage

was employed to detect and record daily precipitation. The instru-

ment was placed in the same area as the hygrothermographs to avoid

possible contact with irrigation water. The opening of the rain collec-

tion orifice was located 180 cm above the surface of the ground. To

avoid the rapid evaporation of accumulated precipitation, 15 ml of

Onieda Oil 27 were added to the collection vessel. By checking the

collection vessel every two or three days and readjusting the instru-

ment when rainfall had occurred, evaporation presented no problem.
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Measurement of the Deposition of Dew

During the 1972 season, deposition of dew and the duration of

dewfall were recorded using a Taylor dew recorder (97) which had

been modified to, as yet, unpublished specifications (77). The major

modifications included the sealing of the drive mechanism against dust

and moisture and the added capacity to record dew deposition con-

tinuously for a period of as much as seven days.

The presence of dew was recorded on the surface of a circular

ground glass plate, marked in hourly gradations, by the dye dissolved

from the lead of an Eberhard Faber Mongol #844 Purple pencil.

The pencil lead, previously extracted from the pencil wood, was

mounted in a guide tube which held the lead in a vertical position over

the plate at the end of a supporting arm. Although the lead was

weighted to insure lead-to-plate contact, the lead rode freely within

the guide tube.

The glass plate rotated on a shaft driven by an 8-day clockwork

and made one revolution every 24 hours. The lead-guide support arm,

in the initial operational position, was placed near the outer edge of

the ground glass plate. As the glass plate rotated, the lead-guide

support arm was drawn slowly toward the center of the plate. A

control arm at the bottom end of the shaft to which the lead-guide

support arm was attached rode in a spiral groove cut in a flat circular
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plate mounted on the drive shaft. The entire recorder mechanism,

exclusive of the lead-guide support arm and the ground glass plate,

was mounted in a sealed case of polyvinyl plastic.

In the field, the dew recorder was situated in the same area as

the hygrothermographs and the recording rain gage. The dew

recorder was recessed so the ground glass plate was 10 cm above the

surface of the ground. This was approximately the average level

where the individual leaves arise from the leaf sheaths (neck) of the

onion. The instrument was placed slightly off level to facilitate the

runoff of precipitation which could otherwise remain on the plate long

enough to soften the lead and swell it into place in the lead-guide tube.

Although the track left by the pencil-lead deposition on the ground

glass plate is quite permanent, the purple dye fades to white from

continued exposure to sun and moisture, making the track very diffi-

cult to see without careful examination. Long exposures to standing

water could obliterate not only the pencil-lead deposits being laid

down during precipitation, but also those which had been dry before

the period of precipitation began. Slightly tilting the instrument did

not interfere with the deposition of dew on the plate nor cause prob

lems of lateral flow of the dye track ("feathering").

The instrument was checked routinely for proper operation, the

glass plate was replaced with a clean plate, and the lead-guide support

arm reset weekly.
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Results

By growers standards, 1971 was a "bad rot year. " Both May

and June of 1971 were generally overcast and humid, and the average

temperature for June was 5.8°C below the previous 10-year average

(34). There was a combined total of 31 days on which rain fell in the

general area during May and June. Soft rot first appeared in the

onion fields during the period 15 June through 20 June. Between 3 and

5% of the plants in those fields planted earliest in the season showed

soft rot symptoms.

In contrast, temperatures during May and June of both 1972 and

1973 were near normal, as were the number of days receiving pre-

cipitation (34). Soft rot appeared initially both years following the

onset of a period of cool humid overcast conditions in the middle of

June. Soft rot during the 1972 and 1973 growing season was less

severe, with generally less than 2% of the plants in the earliest

planted fields showing soft rot symptoms.

Air Temperature and the Occurrence of Soft Rot

Figure 4 summarizes the daily air temperature ranges and the

occurrence of new generalized outbreaks of soft rot which occurred

during July 1971, 1972, and 1973, respectively. Generalized

outbreaks of disease are those of wide-spread occurrence which
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increase the overall incidence and severity of bacterial soft, rot, butare

not directly attributable to field activities, particularly irrigation and

cultivation practices.

In 1971, soft rot occurred widely during the first week of July,

but was declining by 8 July. Cool temperatures and overcast condi-

tions, accompanied by trace amounts of rainfall, returned during the

period 8 July through 11 July. Approximately 7 days after the end of

this period of inclement weather, a new generalized outbreak of soft

rot was observed. Although the outbreak was not as severe as earlier

ones, it was more wide-spread and soft rot was found in fields in

which it had not been found earlier. This eruption occurred even

though daytime temperatures had increased considerably and days

were no longer overcast.

In the first week of July 1972, soft rot was declining from the

initial outbreak which had occurred throughout the latter part of June.

Daytime temperatures during the first week of July were above

normal. From 6 July through 11 July, temperatures were depressed

by general overcast conditions which prevailed during the period.

Precipitation occurred on 7 July through 10 July. Soft rot again

erupted during the period 15 July through 20 July, although the day-

time temperatures were elevated following the return of clear skies.

In July 1973, bacterial soft rot was present at very low levels

throughout the onion growing area. Soft rot from the initial
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generalized outbreak in late June declined during the first days of

July. Broken clouds were present across the area from 5 July through

8 July, but no precipitation occurred during this period. Following

clearing skies, daytime temperatures remained above normal until

20 July. Overcast conditions, accompanied by lower daytime tem

peratures, occurred from 20 July to 24 July, although no precipitation

occurred.

In spite of overcast conditions and cooling temperatures at two

different times during July 1973, no additional outbreaks occurred

after the decline of soft rot early in the month.

In comparison, July 1971 was cooler than normal with the

average maximum daytime temperature being 27. 0° C and bacterial

soft rot was more severe than was generally encountered during the

month of July. July 1972 was warmer than normal with the average

maximum daytime temperature being 35.5°C and the only generalized

outbreak of soft rot occurred 7 or 8 days after a cool, humid, rainy

period from 6 July through 11 July. July 1973 was also warmer than

normal, the average maximum daytime temperature being 35. 5 °C.

Daytime temperatures were depressed during two periods of overcast

skies but no precipitation occurred and the relative humidity remained

relatively low throughout both overcast periods. No new outbreaks of

bacterial soft rot occurred after either period.
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Although soil temperatures fluctuated in the same manner as the

air temperatures, the daily soil temperatures were more stable than

air temperatures. In July 1971, the daily range between maximum

and minimum temperatures at the 10 cm level varied from 6° C to

9° C, Soil temperature changes generally lagged 2 to 3 hours behind

corresponding changes in air temperature.

During July 1972, soil temperature was monitored at a depth

of 20 cm. At this depth, soil temperature changes generally lagged

4 to 6 hours behind corresponding changes in air temperature.

The soil temperature was monitored at a depth of 30 cm during

the 1973 growing season. At this depth, near the lower limits of root

extension for onions in these soils, the daily range between maximum

and minimum was only 1 to 2°C and soil temperature changes gener-

ally lagged 10 to 12 hours behind corresponding changes in air tem-

perature.

Interaction of Air Temperature and Moisture and Their Effect
on the Initial Outbreak of Soft Rot

When considering air temperature and its relation to the

occurrence of soft rot in the Labish area, it was apparent that tem-

perature and moisture function together to produce conditions favor-

able for the development of disease.
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Figure 5 summarizes the relationship between air temperature,

relative humidity, and rainfall and the effect of their interaction on

the initial outbreak of bacterial soft rot in June 1972.

On 8 June, skies became overcast and a total of 9.7 mm

rainfall occurred during the period 9 June through 11 June. Simul-

taneously, the total hours of relative humidity equal to or above (>)

90% increased and daytime temperatures decreased. Skies remained

mostly overcast through 16 June, with light precipitation occurring

on 14 June and 15 June. During this period, the relative humidity

remained high.

Bacterial soft rot first became apparent between 18 June and

20 June (Figure 5). Soft rot affected 1 to 2% of the onions in the

earliest planted fields, but was not detected in later plantings at this

time. The initial outbreak of bacterial soft rot of the 1972 season

had subsided and most infected plants were in advanced stages of

decay by 23 June. But overcast conditions returned on 23 June and

light rain fell on 24 June, with an accompanying depression of daytime

air temperatures and an extended period (19 hours) of high humidity

on 25 June. Clearing and drying conditions returned on 27 and 28

June. The first new infections following this last overcast period

were apparent after 1 July.
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Temperature and Moisture and the Late-Season
Development of Soft Rot

In the absence of rainfall or irrigation, other forms of free

water such as dew, fog, mist, and guttation water are required or

enhance the infection process and establishment of bacterial pathogens

in the host (114).

Figure 6 summarizes the daily temperature ranges, hours of

free moisture (due to either rainfall or dew deposition and exclusive

of irrigation), hours of relative humidity > 90%, and rainfall, meas-

ured in millimeters, from 1 July 1972 through harvest on 25 August

1972.

With overcast conditions and precipitation occurring from 6 July

to 14 July, from 23 July to 27 July, and from 12 August to 19 August,

daily maximum air temperatures decreased, relative humidity was

elevated, and the hours of free moisture increased. Outbreaks of

bacterial soft rot were apparent throughout the onion growing area

after each period of cool humid weather. Such outbreaks were not

severe with 1 to 2% new infections occurring after each period.

The hours of free moisture, in general, exceeded the recorded

hours of relative humidity > 90%. Generally, there was at least 5

hours of free moisture each day. Notable exceptions occurred on days

when the maximum daytime temperature exceeded 38° C and also on

8 July, 12 July, and 31 July; when rainfall occurred. The drastic



50
40

w
(-)

-
30

w2
z

20
10

0
20

w
0 15

-lx-
2

o
0

0

w 5

cr
>

->
_J

2 cn

W
X

0
20

e 15

0
a)

A 1 10
5

0

0

51

I .1

III

is

..

5^Lir

E
z E

0
-a- 5

JU
LY

10

15°'

20 25

30

"a'" 5 10

15 20

25

A
U

G
U

S
T

Figure

6. E
ffect

of the

interaction

of air

tem
perature,

duration

of free

m
oisture,

relative

hum
idity,

and

rainfall

on

the

late-season

developm
ent

of

bacterial

soft

rot:

July-A
ugust

1972.

(A
rrow

s

indicate

those

dates

on

w
hich

new

outbreaks

of

soft

rot

w
ere

observed.

)



52

decrease in the recorded hours of free moisture on these dates

specifically, and most probably on others, is related to the "overflow"

of the glass recording plate of the dew recorder with rain water

resulting in the obliteration of the track left by the recording pencil

lead.
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ROLE OF IRRIGATION PRACTICES AND SOURCE OF WATER
IN THE INCIDENCE AND SEVERITY OF BACTERIAL

SOFT ROT OF ONIONS

The occurrence of periods of overcast skies, cool temperatures,

precipitation, and extended hours of free moisture on the plant sur-

faces contributes to the initial appearance and subsequent area-wide

outbreaks of bacterial soft rot of onions during the growing season,

but field to field differences in the severity of disease are not

accounted for in the same manner.

Although soil type, plant variety, and cultural conditions are

generally quite uniform throughout the onion growing area, the

endemic levels of soft rot vary widely from field to field. A major

factor not consistent across the area at the onset of field investiga-

tions was the source of irrigation water. Many growers obtained

their irrigation water from the main surface-water drainage canal or

one of its subsidiary canals. Other growers, either removed by dis-

tance from the drainage canal or choosing not to use canal waters for

irrigation, were irrigating from deep wells.

Sprinkler irrigation is an integral part of successful onion

production in western Oregon. The arid summers would otherwise

severely limit the yields. Furthermore, the deep peat soils on which

the onions are grown make furrow irrigation impractical.
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Sprinkler irrigation is comparable to rainfall in the way it

contacts foliage and soil surfaces and, like rain, creates conditions

favorable for pathogens which enter through, or are active in, the

leaf canopy of crop plants (37, 105, 113, 115). Sprinkler irrigation can

dramatically influence the microclimate, the dispersal of disease

inoculum, and the incidence of disease (82).

Sprinkler Irrigation and Microclimate

Application of irrigation water by overhead sprinklers affects

the microclimate of the leaf canopy and the leaf surface much more

than does irrigation water applied through surface irrigation (82).

Whereas the effects of surface irrigation on the microclimate may be

too weak to be significant (81), sprinkler irrigation can cause

dramatic decreases in temperature and considerable increases in

humidity during irrigation and for some time thereafter (79, 81, 101).

In addition, sprinkler irrigation may lengthen the dew period (79).

Sprinkler irrigation of vegetable crops differs from other types

of irrigation in that it wets virtually all surfaces of both the crop and

the soil. It also washes disease inoculum off the foliage and splashes

droplets containing contaminated soil particles onto plant surfaces (79).

The amount, rate, and frequency of irrigation have a profound

effect on a crop's microclimate, and in turn, can affect the rate and

severity of disease development. The frequency of successive
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sprinklings has a pronounced effect on the development of foliage

diseases, particularly in semi-arid regions (82). The rate (the

amount per unit of time) has an effect on fungi (81) and bacteria (70)

which require the presence of free moisture on plant surfaces over

extended periods for host penetration to occur.

Dispersal of Inoculum

Wind had been considered a factor in the dissemination of

bacterial diseases for 75 years. Russell (83) in 1898 implicated the

wind in the movement of soil particles infested with Bacillus

campestris (Xanthomonas campestris) to leaves of uninfected

crucifers. In 1910, Sackett (84) described a disease of alfalfa,

caused by Pseudomonas medicaginis, in which the wind was found to

be the major means of dissemination of the pathogen. Both these

pathogens were thought to be moved in a desiccated form in air-dried

soils.

A more important means of dissemination of bacterial pathogens

is splashing water droplets. Manns (67) in 1909 described two

bacteria which caused blade blight of oats. He suggested that the

bacteria which were present in soil reached the host by "spattering

rains. " In 1915 Manns (68) wrote of a bacterial streak disease of

sweet peas and clovers and again implicated spattering rain as the

common means of dissemination. Wolf (117) in 1916 also found that



56

splashing rain was important in the movement of Pseudomonas citri

within citrus orchards. In 1918 Carsner (16) discussed dissemination

of angular leafspot of cucumber, caused by Pseudomonas lachrymans.

He felt that rain was the most important means of dissemination,

while activities of pickers and insects played only a minor role.

Brien et al. (9) in 1959 described Erwinia carotovora as the primary

cause of bacterial soft rot of onions in New Zealand and reported that

the organism persisted in soil and was readily disseminated in water

carried from soil to plant or from plant to plant by splashing rain.

Cass Smith and Goss (17) implicated sprinkler irrigation in

splash dispersal of Corynebacterium michiganense, causal agent of

bacterial canker of tomato. They found bacterial canker to be of

particular concern in trained or trellised tomatoes under sprinklers.

Kelman et al. (59) found that bacterial stalk rot of corn was a prob-

lem only when corn was sprinkler irrigated. Kennedy and King (61)

described an angular leafspot of strawberries which was particularly

serious where strawberries were sprinkler irrigated. They also

noted that tissues which later became infected were often watersoaked

under sprinklers. Previously, Riker (80), Clayton (21), Johnson (54),

and others (7, 28) had demonstrated the predisposing effect of water

congestion in rain-disseminated bacterial diseases. Wiles and Walker

(115) and Williams and Keen (116) also found the same relationship

between water-congested cucumber leaf tissue and its susceptibility to
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infection by Pseudomonas lachrymans.

The combined action of wind and rain in dissemination of

angular leaf spot of cotton, caused by Xanthomonas malvacearum, was

reported by Faulwetter (37) in 1917. Later that same year Faulwetter

(38) demonstrated experimentally the tremendous dissemination

capacity of wind-blown splash droplets. Volcani (105) also found that

wind-blown irrigation droplets were an effective means of dissemina-

tion of Xanthomonas vesicatoria in irrigated tomatoes in Israel.

Source of Water and Disease Incidence

Little has been published on the effect of contamination of

irrigation water on dissemination of bacterial diseases, Cochran and

Smith (23) found that irrigation water contaminated with Agrobacterium

tumefaciens was a very effective agent for dissemination of the crown

gall organism in furrow irrigated stone-fruit orchards and nurseries.

The ability of the crown gall organism to be disseminated so effi-

ciently had earlier led to misinterpretation of the capacity of

A. tumefaciens to survive in soils in the absence of susceptible host

plants (22).

Thompson (98) reported achieving control of bacterial stalk rot

of corn by injecting chlorine into irrigation transmission lines.

Although not specifically stated, it was inferred that the bacteria were
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present in water in settling ponds which were used for irrigation

purposes.

In addition to the effects of sprinkler irrigation on microclimate,

dispersal of inoculum, and disease incidence which have already been

cited, observations made during the course of investigations in the

Lake Labish onion growing area suggest that the source of irrigation

water also had a notable influence on the amount of bacterial soft rot

in onion fields after the initial appearance of soft rot. Figure 7

illustrates the progression of soft rot in 10 onion fields late in the

1972 growing season. The number at the end of each line indicates

the planting time of that field, with respect to the other fields moni-

tored for soft rot. Generally, the higher the number, the later the

planting date of that field.

Fields 2a, 3, 8, and 9 were routinely irrigated with drainage

ditch water. Fields 1, 2b, 5, 6, and 7 were irrigated from deep

wells, Field number 4 received no irrigation during the 1972 growing

season.

It was found that late in the season in fields irrigated with

surface drainage water an average of about 10 plants in 1000 observed

(0. 95%) showed symptoms of soft rot, whereas in fields irrigated with

water from deep wells an average of 3 plants in every 1000 (0. 32%)

showed soft rot symptoms. About 4 plants in every 1000 (0. 38%)

showed symptoms in the field which received no supplemental irrigation.
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When 7.0 ml aliquots of water collected from sprinkler heads in

fields irrigated with surface drainage water from the Labish area

were placed on the cut surfaces of aseptic onion slices incubated at

30° C, a soft, watery, repugnant smelling rot occurred within 24-48

hours. Aseptically cut onion slices treated with 1.0 ml aliquots of

water from deep wells did not rot after incubation for 10 days. These

results strongly suggest that water in the drainage canals was con-

taminated with organisms capable of inciting soft rot of onions.

Therefore, it was reasoned that the source of water might have a

significant effect on the overall level of soft rot present in the onion

fields of Lake Labish late in the growing season.

Materials and Methods

Field and Storage Investigations--1971

In June 1971, field plots were established in the Labish onion

growing area in a field with a past history of annual outbreaks of

bacterial soft rot up to and including the 1969 growing season.

Irrigation water during this time had been drawn from the Little

Pudding River just below the point of entry of the flow from the main

drainage canal. The Little Pudding River as it flows through the

northeast edge has been deepened by dredging operations and has

served as a source of irrigation water for the northeast portion of the
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onion growing area for several years. The grower began irrigating

from a newly installed deep well in June 1970. The grower indicated

that the amount of soft rot was reduced over what had been detected in

years previous to 1970.

The location of this field proved ideal for field investigations of

the influence of irrigation on the incidence of bacterial soft rot because

of the proximity of both contaminated and uncontaminated sources of

water and the presence of stationary irrigation laterals which allowed

season-long maintenance of treatment plots along a single lateral.

The sprinkler head risers were separated by a distance of 12.2

meter s. Sprinklers were Rainbird Type 3OWS equipped with 7/32 inch

(5. 56 mm) nozzles and were atop 75 cm risers 19 mm (3/4 inches)

in diameter. These nozzles operating at 40 pounds per square inch

(2. 8 kilograms per square centimeter) covered an area about 27.4

meters in diameter with each nozzle delivering about 8.0 gallons

(30.0 liters) per minute. Gate valves were installed at the base of

each riser to allow individual control of each sprinkler head.

The uniformity of soil type, fertility, and cultural practice

allowed arrangement of the replications of the split-plot treatments in

a completely random fashion along the length of the irrigation lateral.

Within each treatment plot were two subplots, each consisting of one

4-row bed of onions 6.1 meters long, directly adjacent to a sprinkler.
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The first subplot was located 2.4 meters from the sprinkler and

ran parallel with the irrigation lateral. The second subplot, located

approximately 4.9 meters from the sprinkler differed only in that it

was passed over by tractor and sprayer on a biweekly schedule in the

application of fungicides and insecticides. By 15 July, the onion

leaves had attained sufficient height to be noticeably bruised, abraded,

or broken during passage of spray equipment.

Table 1 lists treatment numbers, subplot designations, and

irrigation factors of each treatment. The plants within one subplot of

each treatment were injured and the plants in the second subplot were

not damaged. Treatment 1 plots were irrigated from the drainage

ditch twice a week, with 11.5 mm of water applied with each irriga-

tion. Treatment 2 plots were also irrigated twice a week from the

ditch, but received 16.5 mm of water with each irrigation. Treatment

3 plots were irrigated once a week with ditch water at a rate of

11.5 mm of water at each irrigation. Treatment 4 plots were irri-

gated once each week with ditch water and received 16.5 mm of water

with each irrigation. Treatment 5 plots were irrigated with ditch

water once every two weeks, with 23.0 mm of water applied with each

irrigation. Treatment 6 plots were irrigated once a week with water

from a deep well at a rate of 16.5 mm per irrigation. This schedule

was identical with that employed by the grower over the remainder of

the field and therefore Treatment 6 served as the check treatment.



Table 1. Identification of treatment factors included in field and storage trials during the 1971 season.

Treatment Subplot
Number* Designation

Irrigation Factors
Source of

Irrigation Water
Frequency of

Irrigation
Rate (in inches or

millimeters per irrigation)

1

2

3

4

5

6 (check)

Not injured
Injured

Not injured
Injured

Not injured
Injured

Not injured
Injured
Not injured
Injured

Not injured
Injured

Ditch

Ditch

Ditch

Ditch

Ditch

Well

2/week

2/week

1/week

1/week

biweekly

1/week

0.45" (11.4 mm)

0.65" (16.5 mm)

0.45" (11.4 mm)

0.65" (16.5 mm)

0. 90" (22.8 mm)

0.65" (16.5 mm)

Each treatment plot was replicated 4 times in 4-row beds 20 feet (6. 1 meters) long in a split-plot
design with treatments allocated in completely random fashion along the irrigation lateral. To
avoid cross-contamination of treatments, replicated plots of Treatment 6 were allocated in random
fashion along an irrigation lateral 100 feet (30.5 meters) from the other treatment plots.
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To insure against plot contamination from wind-drifted irrigation

water, replicated plots of Treatment 6 were located along an irrigation

lateral 30.5 meters from other treatment plots. Each treatment was

replicated four times, with one sprinkler used per plot.

Data was collected three weeks before harvest, one week before,

and just prior to harvest from the two interior rows of each subplot.

Both total plant counts and numbers of soft-rotted plants were

recorded. Immediately following the final count, the two rows were

lifted and left in place to dry for about 10 days. After curing, all

onion bulbs except those which had totally decayed, were placed in

mesh onion bags and properly labelled. The bags were arranged

randomly in a large platform pallet and placed in storage with the

remainder of the grower's onion crop.

After being in storage for approximately 4 months, the onions

from the test plots were examined to determine the amount of

bacterial soft rot present in each lot. Decayed bulbs from each lot

were weighed and the weight of bulbs decaying due to infection with

bacterial soft rot was obtained for each lot of onions. Healthy bulbs

from each lot were graded according to size and weights obtained for

bulbs less than 2 inches (51 mm), those between 2 and 3 inches

(51 mm to 76 mm), and those 3 inches (76 mm) or larger.

Because individual observations were recorded as percentages,

each less than 20%, it was necessary to transform this data into a
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form which would permit accurate analysis. Therefore an angular or

inverse sine transformation (arc sin NI percentage) was performed on

all field and storage data prior to statistical analysis (94). Both the

data collected at harvest and that collected after storage of the bulbs

were handled in this manner.

Field and Storage Investigations -1972

Attempts to further identify parameters affecting the amount of

bacterial soft rot in the Lake Labish area were made in the 1972

growing season. Field plots were established on 22 June along an

irrigation lateral extending approximately 287 meters across the onion

field and about 46 meters north of the previous year's field studies.

The possible influence of irrigation overlap between plots, a

probable factor on windy days, was avoided by establishing the

research plots between two sprinklers, with two sprinklers per plot,

rather than being to the side of a single sprinkler as in the previous

year.

It also became evident after initiation of the previous year's

investigations that irrigation water droplet size and rate of moisture

accumulation could have tremendous influence on the incidence of soft

rot, both in the field at harvest and in storage. The sprinkler nozzle

size utilized in the treatments irrigated with surface drainage water

had been increased in size over what the grower normally used in
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irrigating from the deep well. The switch in nozzle size had been

made so that the rate of application could be accelerated to allow

personal monitoring throughout each irrigation, without considering

further what the inherent effects, unique to each nozzle size, might

have on the incidence of bacterial soft rot. The grower generally

utilized 9/64 inch (3.55 mm) nozzles which delivered about 4 gallons

(15 liters) per minute. These were also used in the check treatment

during the 1971 season. All other treatments were irrigated with

sprinklers having nozzles with orifice size of 7/32 inches (5.56 mm)

which delivered about 8 gallons (30 liters) per minute.

To attempt to account for effects of sprinkler nozzle size on the

incidence of soft rot, the rate of irrigation water applied each week

was held constant at a rainfall equivalent of 0.65 inches (16.5 mm)

whereas the nozzle size was varied between treatments.

Table 2 lists treatment numbers and irrigation factors for the

1972 season. Treatment 1 plots were irrigated twice a week from the

ditch using 9/64" nozzles. Plots of Treatment 2 were irrigated twice

a week with ditch water using 7/32" nozzles. Treatment 3 plots were

irrigated once a week using 9/64" nozzles. Plots of Treatment 4 were

irrigated once a week using 7/32" nozzles. Treatment 5 plots, the

check plots, were irrigated once a week with 9/64" nozzles. Each

treatment plot was separated from adjoining plots by a 12.2 meter

buffer area between the end sprinklers of two adjacent plots. This
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modification in plot design made it necessary to restrict the number of

treatments and the replications of each treatment. Plots of all treat-

ments, except those of Treatment 5, were arranged in a complete

block design along one irrigation lateral, with three blocks of four

treatments. Each treatment was randomly assigned within each block.

To avoid cross-contaminating plots with water from different sources,

the plots of Treatment 5 were located along an irrigation lateral

30.5 meters from the other treatments.

Table 2. Identification of treatment factors included in field and
storage trials during the 1972 season.

Irrigation Factors
Source of Sprinkler

Treatment Irrigation Frequency of Nozzle Orifice.
Number* Water Irrigation Size

1 Ditch 2/week 9/64" (3.57 mm)
2 Ditch 2/week 7/32" (5.56 mm)
3 Ditch 1/week 9/64" (3.57 mm)
4 Ditch 1/week 7/32" (5.56 mm)
5 (check) Well 1/week 9/64" (3.57 mm)

Each treatment, in plots 20 by 20 feet (6. 1 by 6. 1 meters), was
replicated 3 times, with 5 subsamples per treatment replicate, in a
randomized block design. To avoid cross-contamination of treat-
ments, replicated plots of Treatment 5 were allocated in random
fashion along an irrigation lateral 100 feet (30.5 meters) from the
other treatment plots.

Plots, 6. 1 by 6. 1 meters, consisted of 5, four-row beds of

onions. For purposes of data collection, one randomly selected row

from the two inside rows of each four-row bed were sampled, thus
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providing 5 observations per treatment plot with each observation

based on a population of 100 plants.

At harvest, the sample rows were examined for the percentage

of plants showing soft rot symptoms. Plants infected with fungal

decay organisms were recorded separately, as were those which had

perished due to bacterial soft rot earlier in the season and had since

decayed and would not go into storage. After counts were completed,

the remaining plants of each sample were lifted and left to dry in

place. After approximately 10 days, all onions were placed in mesh

bags, including those bulbs with incipient soft rot and fungus rots

which would, under normal harvesting procedures, go into storage.

The mesh bags were placed in random fashion in a pallet box and

placed in the grower's storage with the remainder of his crop.

After storage for 4 months, the onions of each sample were

reexamined for bacterial soft rot and fungal rots, and these values

were recorded. The remaining healthy onion bulbs were graded to

size.

Before statistical analyses were performed on the data from

either the field or storage, both data were transformed into degrees

employing the Arcs in 1I percentage Transformation recommended for

data in which individual observations are expressed as either per-

centage or decimal fractions and is particularly necessary when such

observations are between 0 and ZO% (94).
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Results

Field and Storage Investigations -1971

Late Season Development of Soft Rot and Its Relation to Irriga

tion and Mechanical Injury. The progression of bacterial soft rot was

monitored in the treatment subplots on 9 August, 23 August, and 31

August, just prior to the lifting of the onions. In the non-injured

subplots (Figure 8), Treatments 1 and 2 receiving 2 periods of irriga-

tions weekly, had notably higher numbers of plants showing symptoms

of soft rot infection than any of the other treatments on 23 August.

The same pattern was apparent on 31 August, with differences in

detectable soft rot being even more apparent. Treatments 3 and 4

which received half of the weekly rainfall equivalent of Treatments 1

and 2, respectively (see Table 1), were irrigated once a week. The

soft rot apparent on either 23 August or 31 August was much below

that in the plots which were irrigated 2 times per week.

It was evident that the percentage of visibily infected plants was

higher in all subplots where plants were mechanically injured (Figure

9) than in subplots where subplots were not injured. The most evi-

dent increases in soft rot apparent on either 23 August or 31 August

were again in Treatments 1 and 2. Soft rot evident in Treatments 3,

4, and 5 on either 23 or 31 August was much lower than the previous

treatments, but did not differ greatly one from the other. The level
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Figure 9. Influence of irrigation factors on the late-season develop-
ment of bacterial soft rot in subplots where plants were
mechanically injured: August 1971. (Numbers indicate
irrigation treatments as listed in Table 1 and the arrows
denote dates on which rainfall occurred.)
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of soft rot found in Treatment 6 was much lower than in any of the

other treatments.

The differences at harvest between injured and non-injured

subplot treatment means within treatments were highly significant

(Table 3) using the Students 't' test for the comparison of appropriate

treatment means (94). There were also highly significant differences

between comparable subplot treatment means between treatments.

The differences between subplot treatment means and treatments are

shown in Figure 10.

Table 3. Influence of irrigation and mechanical injury on
the incidence of bacterial soft rot at harvest:
summer 1971.

Irrigation Subplot Percent
Treatment Treatment Infected Plants

1 Not injured 4, 49agh

5Injured .33akl

,2 Not injured 3 87bgi

Injured 7. 65bkm

3 Not injured 0. 72ch

Injured 2. 64c1

4 Not injured 0.79dij

2. 57dmnInjured
5 Not injured 1. 56e

Injured 2,69e

6 (check) Not injured 0. 19fj

0Injured . 39fn

Matched letters indicate a significant difference at the 1%
level using the Student's 't' test.
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Influence of Irrigation and Mechanical Injury on the Severity of

Soft Rot in Storage. It was found that in stored onions the same rela-

tionships were present in the comparisons of the subplot means within

treatments and also comparison of means between treatments (Table

4) although the amount of soft rot-infected bulbs had increased greatly.

Most treatments were found to have a 2-fold or greater increase in

soft rot over the amount that had been recognized at harvest time.

These differences are graphically illustrated in Figure 11.

Table 4, Influence of irrigation and mechanical injury on
the weight loss in storage due to bacterial soft
rot: winter 1971-72.

Irrigation Subplot Infected Bulbs
Treatment Treatment (%, by weight)

1 Not injured 8.38afg

Injured 11.35ajk

2 Not injured 10,15bfh

Injured 13. 81b3

3 Not injured 7.23 cg

8Injured .38ckl

4 Not injured 7.05dhi

Injured 12. 99d1m

5 Not injured 13.28e

Injured 11.24e

6 (check) Not injured 2.42i

Injured 1.67m
*Matched letters indicate a significant difference at the 5%
level using the Student's 't' test.
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the weight loss in storage due to bacterial soft rot:
winter 1971-72.
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The subtle effects of varying irrigation factors and mechanical

injury on bulb size are shown in Figures 12 and 13. It can be seen

that within treatments the subplots where plants were not injured

yielded more onion bulbs in the 2 to 3 inch diameter grade than did the

mechanically injured subplots. Conversely, the subplots in which

the onions had been injured yielded more of the 3 inch or larger bulbs

than did comparable subplots in which onions had not been injured.

Both subplots of Treatment 6 had notably higher poundages of bulbs

3 inches in diameter or larger, with subplots where onions received

mechanical injury being the highest with a mean of almost 42%

being the larger size bulbs.

Field and Storage Investigations--1972

Influence of Irrigation on the Amount of Soft Rot at Harvest. On

25 August 1972, just prior to lifting, the number of plants showing

symptoms in the observed population of 100 plants was recorded and,

following statistical analysis, significant differences were found to

occur between some, but not all, comparable treatment means (Table

5). These differences are illustrated in Figure 14. There were sig-

nificant differences between Treatments 1 and 2, which were irrigated

from the drainage ditch twice a week and differed only in sprinkler

nozzle size (Table 2). Treatments 3 and 4, both irrigated once a

week from the drainage canal using different sprinkler nozzles,
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Figure 12. Influence of irrigation factors on the weight of healthy bulbs

under 2 inches (open bar), 2 to 3 inches (slashed bar), and
over 3 inches (solid bar) from subplots where plants were
not mechanically injured: storage 1971-72.
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showed subtle but insignificant differences between treatment means.

Table 5. Influence of irrigation on the incidence of
bacterial soft rot at harvest: summer 1972.

Irrigation Treatment Percent Infected Plants

1 2. 53a

2 1. 73ab

3 2.73

4 2. 47bc

5 (check) 0.00c

Matched letters indicate a significant difference at the 5%

level using the Student's 't1 test.

When the nozzle size was held constant and the frequency of

irrigation changed, as in the comparison of Treatments 1 and 3,

subtle but insignificant differences were evident, but significant dif-

ferences do exist between Treatments 2 and 4.

When only the source of irrigation water was varied, as in the

comparison of the means of Treatments 4 and 5, highly significant

differences were evident. There was no detectable soft rot at harvest

in Treatment 5.

Influence of Irrigation on Storage Losses Due to Soft Rot. After

storage of onion bulbs for about 4 months, bulbs from plots irrigated

with water from the Little Pudding drainage system showed higher

numbers of bulbs infected with soft rot than in the single treatment

irrigated with water from the deep well (Table 6). Subtle but
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insignificant differences were evident between the means of

Treatments 1 and 2, although their relative magnitudes had reversed

from what had been evident at harvest (Figure 15). Significant differ-

ences were evident in all other valid comparisons of treatment means.

Table 6. Influence of irrigation on the severity of bacterial
soft rot in storage: winter 1972-73.

Irrigation Treatment Percent Infected Bulbs*

1 2.13

2 2.40a

3 2.13 b

4 1.27 abc

5 (check) 0.27c

Matched letter indicate a significant difference at the 5%
level using the Student's 't' test.

No differences were evident between treatments when the yields

of bulbs 2 to 3 inches in diameter were compared (Figure 16). Treat-

ments 1 and 6 had greater poundages of onion bulbs 3 inches and over,

and smaller amounts of bulbs less than 2 inches in diameter than other

treatments. It was also found that in most treatments a majority of

the decay found in storage was fungal in origin (Figure 17).
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CHARACTERIZATION OF BACTERIA ASSOCIATED WITH
SOFT ROT SYMPTOMS ON ONIONS IN THE FIELD AND

STORAGE IN WESTERN OREGON

Although the occurrence of bacterial soft rot during much of the

growing season appears to be a predictable phenomenon unique to the

onion growing areas of western Oregon, similarity of soft rot

symptomology in storage discussed in published accounts (13, 14, 112)

and that observed at Labish makes Erwinia carotovora, Pseudomonas

marginata, and P. cepacia suspect causal agents of bacterial soft rot

at Labish. Therefore, it was the purpose of these studies to deter-

mine the cultural and pathological characters of bacteria associated

with, and isolated from, soft rotting onion tissues collected in western

Oregon.

Materials and Methods

The initial isolation of soft rot bacteria is often complicated by

the almost universal presence of saprophytic bacteria which invade

from soil or plant surfaces and rapidly multiply in tissues affected by

the soft rot pathogens. Dowson (30) suggested transferring small

portions of diseased tissue into healthy tissue to test for the presence

of a pathogen. Leach (65) used serial transfers from diseased to

healthy potato tubers not only to isolate, but also to increase the

virulence of, Erwinia atroseptica (van Hall) Jennison, the causal
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agent of black leg of potato.

Kawamoto (57) employed a modification of the tissue transfer

techniques described by Dowson and Leach to isolate bacteria causing

soft rot of onion bulbs in New York State. Slices of healthy onion

bulbs were inoculated with small amounts of diseased tissue. After

decay was detected on inoculated slices, bacterial ooze or decaying

tissue from the inoculated slice was transferred to a second slice

from a healthy onion bulb. After incubation for 24 hours, ooze or

tissue from this slice was diluted with sterile distilled water.

Kawamoto then transferred 0.05 ml aliquots of the suspension to the

surface of nutrient agar plates and spread it with a thin glass rod.

Standard Isolation Techniques

Kawamoto's techniques for isolation of soft rot bacteria were

used as presented with only slight modification. Peeled healthy bulbs

were sanitized with a 1% solution of sodium hypochlorite for 2 min-

utes, then rinsed twice in sterile distilled water. The rinsed bulbs

were immediately sliced in cross sections with a flame-sterilized

knife after trimming away both the apical and basal tissues which had

been in direct contact with the sanitizing solution. Bulbs 5 to 7 cm

in diameter commonly provided 6 or 7 intact slices approximately

6 mm thick. Both the apical and basal slices of each bulb were left

uninoculated as checks, leaving 4 or 5 slices from each bulb for
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inoculation. Each slice was placed on two damp filter papers in

sterile petri dishes.

Isolations, in all cases, were made by selecting tissues from

the advancing margin of the decay. When isolations were attempted

from infected green leaves, tissues were submerged in 0.5% sodium

hypochlorite for 45-60 seconds. Following two successive dip-rinses

in sterile distilled water, sections of the infected leaves were

excised under aseptic conditions and the excised pieces were placed

on healthy onion bulb slices. To insure contact of the leaf piece con-

tents with the surface of the onion slice, a sterile dissecting needle

was used to pierce through the leaf pieces into the bulb slices.

Similar procedures were used in isolating soft rot bacteria

from onion bulbs collected either in the field or in storage. When

isolations were attempted from macerated bulb tissues, such tissue

was spread across the cross-sectional surfaces of two or three bulb

scales of the slice using a flame sterilized nichrome transfer loop.

For isolating soft rot bacteria from the organic soils of Lake

Labish 0.1 g of soil was placed on the slice in contact with cut sur

faces of two or three adjacent bulb scales. In all instances, soils

used for attempted isolations were collected directly under onion rows.

Attempts were also made to isolate soft rot bacteria from

drainage ditch water and from well water using the onion slice tech-

nique. Water samples collected in the field were placed immediately
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in a precooled styrofoam picnic cooler and transported to the labora-

tory for prompt processing. Since it was impossible to restrict the

flow of water across the slice, small depressions were made with a

flame-sterilized scalpel and were filled with water from the sources

being tested.

Plates containing inoculated onion slices were placed in plastic

crisper boxes containing moistened paper towels. These boxes were

kept in an incubator at 30°C for 36-48 hours. In most instances, this

was sufficient time to allow soft rot bacteria to initiate decay. When

soft rotting was not apparent in 48 hours, the onion slices were incu-

bated further for as much as 7 days, along with the slices used as

contamination checks. When check slices showed signs of decay at

7 days or less, all slices from that bulb were discarded.

After the first sign of decay on inoculated slices, tissue at or

near the advancing margin of decay was transferred again to healthy

onion bulb slices which were incubated at 30°C for 36-48 hours.

Following transfer to the second slice, tissue from the advancing

margin of decay was transferred to screwcap tubes containing 10 ml of

sterile distilled water. In most instances, 103 or 104 dilutions were

made from this suspension following one hour of incubation at 30° C.

A sterile transfer loop was used to streak these dilutions on plates of

agar medium.
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Standard Media Employed

Three artificial bacteriological media were used routinely in

the isolation and cultivation of bacteria in the laboratory. King's

medium B (62), developed for the enhancement of fluorescin produc-

tion of pseudomonads, also proved to be an acceptable medium for the

growth of most bacteria, and proved adequate for maintaining cul

tures up to two weeks. Potato dextrose agar (PDA) prepared follow-

ing the procedure of Toussoun and Nelson (100) proved an excellent

medium for growth and maintenance of bacterial cultures for two

weeks. When maintenance of cultures on agar medium was desired

beyond this period, 0.5% (w/v)of calcium carbonate was added before

autoclaving. The buffering capacity of the calcium carbonate proved

adequate for maintaining cultures for periods up to six weeks at 5°C.

Beef-extract peptone (nutrient) agar and broth were prepared follow-

ing the procedures listed in the "Manual of Microbiological Methods"

(90). Although these media proved unsuccessful for maintaining

bacterial cultures longer than 10-14 days, they are widely used for

observations of colony morphology and in physiological studies.

Unless otherwise noted, nutrient broth and agar were used as growth

media for studying the morphology and physiology of bacteria associ-

ated with onion soft rot.
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All standard media were sterilized by autoclaving at 15 psi for

15 minutes. All media were stored in polyethylene bags at 3°C until

needed. Before stored media were used, they were held at room

temperature (22-23°C) for 24 hours.

Storage of Cultures

After multiple single-colony transfers and repeated introduction

into slices from healthy onion bulbs, stock cultures were established

by introducing a single loopful of bacteria into 5 ml of sterile distilled

water in screw-cap tubes. All stock cultures were maintained in cold

storage at 5°C and checked for viability every two or three months.

Working cultures were obtained by streaking cell suspensions

from stored stock cultures onto slants of either PDA or nutrient agar.

Inoculated slants were incubated in the dark at 30°C for 18-24 hours

and loopfuls of cells were then placed in 10 ml of sterile distilled

water. Working stock cultures were monitored constantly for con-

tamination.

Maintenance and preservation procedures were those suggested

by DeVay and Schnathorst (27) and proved successful for all isolates

except Pseudomonas glycinea, originally isolated by R.N. Goodman,

University of Missouri. It was necessary to renew the stock cultures

of this bacterium every two months because of rapid mortality of cells

in sterile distilled water.
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Source and Cataloguing of Cultures

All isolates used in identification studies are listed in Table 7.

All unnamed isolates, unless otherwise noted, are pathogenic on

healthy onion slices. The isolates listed are not the total number of

pathogenic isolates obtained from onion tissues, soil, or contaminated

drainage water, but are representative of the morphological and

pathogenic types within the group.

Characterization Studies

Morphological Characteristics. The Hucker modification of

Gram's staining procedure (90) was used to determine the gram reac-

tion of all isolates. Motility was determined by examination of hang-

ing drop preparations of cultures grown in nutrient broth and on agar

slants for 18-24 hours at 30° C. Leifson's method for flagellar stain-

ing, as listed in the Manual of Microbiological Methods (90), was used

to determine flagellation.

Cell size and shape were determined by examining non-heat

fixed smears of young agar cultures grown at 30°C for 18-24 hours.

Cell measurements were made with an ocular micrometer at a magni-

fication of 1000X and are indicated as the average length and width of

50 randomly spaced non-dividing cells.



Table 7, Bacterial isolates used in identification studies.

Key
Number Isolate Identification Code Contributor Comments

1

2

3

4

5

41

52
5s 3

5s7
7s4

R. D. Irwin

R. D. Irwin

Isolated from decaying tissue from onion bulbs collected at
Lake Labish, August 1968.

Isolated from decaying onion bulbs collected in storage at Lake
Labish, January 1969.

6 1-3 R. D. Irwin Isolated from muck soils of Lake Labish, August 1969.
7 1-4
8 2-6

9 B-18 R. D. Irwin Isolated from a volunteer onion plant in Lake Labish,
November 1970.

10 JP-YD -1 -4 -1 R. D. Irwin Isolated from decaying onion plant at field research sites at
11 MB -YD -3 -7-2# 1 Lake Labish, July 1972.
12 MB-YD-4-5-1#2
13 MB -YD -4-5 -1Sm
14 JP -YD -11 -15 -1( 1)
15 JP-YD -11-15 -1( 1)A Subcultures of JP-YD- 11- 15-1( 1)
16 JP-YD -11-15 -1( 1)B

17 Prepack - 1 R. D. Irwin Isolated from a decaying onion bulb collected during grading,
October 1973.

18 Rogue 1-2 R. D. Irwin Isolated from a decaying onion bulb received at the OSU Plant
Clinic facility, September 1973.

19 Iris 1* R. D. Irwin Isolated from lesions on leaves of rhizomatous Iris sp., OSU
Campus, January 1974.

20 his - 2*

21 Pseudomonas aeruginosa** Dept. of Microbiology, 0. S. U. Obtained May 1970.



Table 7, Continued.

Key
Number Isolate Identification Code Contributor Comments

P. alliicola
22 61-1 R. S. Dickey, Cornell University Obtained March 1970. Non-pigment former
23 63-34

P. sepacia
24 64-22a R. S. Dickey, Cornell University Obtained March 1970.
25 64-22a#2 R. D. Irwin A slight pigment varient of 64-22a.
26 64-22a1

27 P. glycinea H. R. Cameron, 0. S. U. Originally isolated by R. N. Goodman, Univ. of Missouri,
obtained February 1971.

28 P. marginalia ** R, G. Grogan, Univ. of Received March 1971.
California, Davis

29 P. marginata** R. G. Grogan, Univ. of Received March 1971.
California, Davis

30 P. phasiolicola (HB-2)* J. R. Baggett and W.A. Frazier,
0. S. U.

Isolated by R. D. Irwin from leaves of inoculated bush bean
(Phaseolus vulgaris cv. OSU 58), March 1972

31 P. Putida** R.G. Grogan, Univ. of ATCC 17452, received March 1971.
California, Davis

32 Xanthomonas campestris* R. D. Irwin Isolated from leaves of Brassica oleraceae cv. capitata

33 Erwinia amylovora (72A)* L.W. Moore, 0. S. U.

March 1971,

Received June 1972.

34 E. carotovora #1 L.W. Moore, 0. S. U. Obtained December 1973.

35 E. carotovora (N-3)#1 M. E. Stanghellini, Obtained December 1973.
36 E. carotovora (N-3)#2 Univ. of Arizona

**aKey numbers assigned to simplify data compilation, where necessary. Pathogenicity on onions not tested. Not pathogenic on onion slices.
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As a check on the accuracy of the determination of flagellation

with the light microscope, a number of isolates were examined with

the transmission electron microscope. Loopfuls of cells of young

colonies grown on agar slants were suspended in sterile distilled

water and left to incubate for 15 minutes at room temperature. A

small loopful of cell suspension was placed on a formvar -coated

copper supporting grid and left to dry for a minimum of one hour.

After the suspension had dried, the grids were placed in the evacua-

tion vessel of a Varian Model VE 10 vacuum evaporator and shadow-

cast with platinum at an angle of 25 to 30 degrees. Shadowed grids

were examined using a Philips EM-300 transmission electron micro-

scope. The size, number, and positioning of flagellae were noted.

Physiological Characteristics. Influence of temperature on

growth: The ability of the isolates causing soft rot on onion slices

to grow over a range of temperatures was tested. Single loopfuls of

cell suspensions were transferred from working stock cultures to

fresh tubes of nutrient broth and nutrient agar slants. The inoculated

tubes were incubated in the dark at temperatures in 5 degree incre-

ments from 5° C through 40° C, and 4 tubes of broth and 4 agar slants

of each isolate were incubated at each temperature. Visual observa-

tions of turbidity in broth and surface growth on slants were made at

24, 48, and 72 hours after the initiation of incubation.
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Utilization of organic compounds: The ability of the test isolates

to grow on specific organic substrates was determined using the

methods and the solid mineral base medium proposed by Stanier,

Palleroni, and Doudoroff (91). Table 8 lists the organic compounds,

and the method of sterilization for each, that were screened as

sources of carbon and energy for growth. Each plate of prepared

medium was marked into quadrants, with one loopful of cell suspen-

sion being streaked into each quadrant. The ability of organisms to

grow on individual carbon sources was determined after incubation of

plates in the dark for 48 hours at 30°C.

Production of fluorescentyigments: Cell suspensions of test

isolates were streaked across the surface of King's Medium B agar

plates which were then incubated at 30° C for 48 hours in the dark.

After incubation, the plates were examined under an ultraviolet lamp

emitting rays at a wavelength of 366 nanometers (nm) and another

emitting rays at 254 nm. The relative fluorescence intensities of each

isolate at each wavelength were recorded.

Accumulation of_poly-p-hydroxybutyrate: The capability of

some aerobic bacteria to not only utilize poly-P-hydroxybutyrate

(PHB), but to also accumulate it as an intercellular reserve material,

has been recognized as having taxonomic significance (39,45,72)

particularly in the genus Pseudomonas (4, 87, 91). Isolates were

grown on mineral base media over which a thin layer of 0. 25% PHB
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Table 8. Organic compounds screened as sources of energy for growth.

a
Compounds

Method of
bSterilization Compounds

Method of
Sterilization

Amino Acids Carbohydrates and Sugar Derivatives cont.
Glycine F Inulin A

L-alanine F 2 keto-D-gluconate F

L-valine A D-mannose F

L-leucine A Mucate A

L-isoleucine A L-rhamnose F

L-phenylalanine A D-saccharate A

L-proline A Starch A

L-serine F D-cellobiose F

L-threonine F Lactose F

L-cysteine F D-maltose F

L-cystine A Sucrose F

L-methionine A D-trehalose F

L-tryptophan A Salicin F

L-tyrosine A D-raffinose F

L-asparagine A
L-aspartate A Polyalcohols
L-glutam ate A Glycerol F
L-lysine
L-arginine

F
F

i-Erythritol F

DL-arginine F
Adonitol F

L-histidine F i-Inositol F

Mannitol F

Carbohydrates and Sugar Derivatives D-sorbitol
D-arabinose
L-arabinose

F

F Miscellaneous Organic Compounds

D-ribose F Citrate F

D-xylose F Pyruvate F

D-fructose F a -ketoglutarate F

D -fucose F

D-galactose F Others
D-gluconate F m-Hydroxybenzoate A

D-glucose F Poly- p -hydroxybutyrate A

Tryptamine A

aFinal concentration of all compounds in mineral base is 0. 1% (w/v). Poly- p-hydroxybutyrate was
placed in overlayer of mineral base agar at 0.25% (w/v).

bSterilization procedures as recommended by Palleroni and Doudoroff (75); F = filter sterilization
with millipore unit; A = autoclave sterilization,
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was poured according to the procedure of Palleroni and Doudoroff (75).

Heat fixed films of cell suspensions from cultures grown for 48 hours

at 30° C were prepared using Burdon's procedure for staining intra-

cellular accumulation of lipids (10). Stained films were examined at

a magnification of 1000X.

Arginine dihydrolase activity: The procedure proposed by

Thornley (99) was used to detect the presence of the arginine

dihydrolase system in the isolates tested. Ten ml aliquots of

Thornley's Medium 2A were deposited in 40 ml screw-cap bottles.

After sterilization, the bottles were cooled and stab-inoculated with

loopfuls of the bacterial cells. The inoculated medium was then

sealed with sterile molten Vaseline to provide anaerobic conditions.

A second series was inoculated but the bottles were left unsealed and

loosely capped. Check bottles, both sealed and unsealed, were incu-

bated with inoculated bottles. Resultant reactions were determined by

comparing the appropriate check bottle with inoculated bottles.

Urease production: The ability of test isolates to produce

urease was determined by growing the isolates on nutrient agar slants

for 24 hours at 30°C. A Bacto-Urea Differentiation Disk was

aseptically placed on the surface of the medium in each tube with the

edge touching the bacterial growth. The tubes, with disks in place,

were reincubated at 30°C. Tubes were examined at one- and three-

hour intervals. A positive urease reaction was recorded in those
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instances where the disk had turned a deep red or cerise color. No

change in color or a change to light orange was recorded as a negative

reaction.

Lipase production: The production of extracellular lipases was

tested by streaking test isolates on the Peptone Agar-Tween 80

medium recommended by Sierra (88). Hydrolysis of polyoxyethylene

sorbitan-monooleate (Tween 80) is shown by the formation of a

precipitate of calcium oleate in the medium (91). Test isolates

which induced the formation of the precipitate in the medium within

72 hours possess extracellular lipases and those which did not induce

the formation of precipitate lack lipases.

Gelatin hydrolysis: Test isolates were checked for their ability

to hydrolyze gelatin using the medium and gelatin precipitant (acidic

mercuric chloride) recommended in the "Manual of Microbiological

Methods" (90). After incubation of inoculated plates for 48 hours at

30° C, the plates were flooded with acidic mercuric chloride. The

presence of a cleared zone in the region of bacterial growth was

recorded as a positive reaction. The presence of a white precipitate

in the region of bacterial growth was recorded as a negative reaction.

Oxidase activity: The oxidase test was performed on isolates

by streaking a loopful of bacteria which had been grown on Kado' s

Medium 523 (56) for 24 hours at 30°C onto filter paper saturated with

4-5 drops of a freshly prepared 1% (w/v) aqueous solution of
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N, N, N', N' -tetramethyl-paraphenylenediamine dihydrochloride.

Production of a deep purple color in or about the bacterial smear

within 10 seconds was considered an oxidase positive reaction.

Isolates turning purple in 10-30 seconds were recorded as weakly

oxidase positive. All other isolates were considered to be oxidase

negative,

Nitrate reductase activity: To detect the activity of nitrate

reductase in test isolates, loopfuls of cell suspensions were streaked

onto slants of nutrient agar and into nutrient broth. Both media were

supplemented with 0. 1% KNO3, as suggested in the "Manual of

Microbiological Methods" (90). Reagents for the detection of nitrate

reductase activity were prepared by the procedure outlined by Nitsos

and Evans (73). After incubation of inoculated tubes for 24 and 48

hours at 30°C, 1.0 ml of acid-sulfanilirnide (I% w/v) was added to

each tube. Tubes containing broth were agitated to disperse the

reagent. Immediately following agitation, 1.0 ml of an aqueous solu-

tion of N-1-naphthyl ethylenediamine dihydrochloride (0.02% w / v)

was added to each tube. The immediate generation of a red color

indicated that, in a positive reaction, nitrates had been reduced to

nitrites. No change in color with the addition of the second reagent

indicated that either nitrates remained unreduced or they had been

reduced beyond nitrites. If the medium turned red with the addition

of a small amount of powdered zinc, the nitrates were unreduced and
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such isolates were recorded as negative. When the medium remained

unchanged after the addition of zinc powder, nitrates had been reduced

beyond nitrites and these isolates were recorded as nitrate reductase

positive.

Pathogenicity Studies

The routine use of aseptically cut onion bulb slices as an aid in

the isolation of soft rot bacteria was described earlier, The use of

intact healthy bulbs for isolation and pathogenicity testing has also

been found to be of value but is slower and less consistant than using

bulb slices. However, the final test of pathogenicity is dependent on

the ability of the isolates to incite soft rot symptoms in intact, grow-

ing plants.

The ability of each test isolate to incite symptoms in healthy

onions was tested in the greenhouse. Qregon Yellow Globe Danvers

onion sets were planted in a stream pasteurized soil mix (1 part sand:

1 part peat: 3 parts soil) placed in plastic pots 15 cm in diameter, with

three onion sets per pot. The planted pots were then placed under

warm-white fluorescent lamps to supplement natural lighting to pro-

vide for 14 hours per day. The greenhouse temperatures were

approximately 24°C during the day and 16°C at night.

Test isolates were grown for 24 hours at 30°C on nutrient agar

slants. After incubation, the slants were flooded with sterile distilled
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water and agitated to remove the bacterial growth. Cell suspensions

were diluted to approximately 105 cells /m1 in preparation for injec-

tion into plants.

After growth for eight weeks, each onion plant had approximately

eight emerged green leaves. One-half of the total number of pots

were covered with polyethylene bags and all pots were placed under

shade for 48 hours before inoculation.

Two pots, one covered and one uncovered, were used for each

test isolate. The leaf sheaths (the neck area) of one plant in each pot

were inoculated at a point approximately 15 mm above the shoulder of

the bulb using a disposable hypodermic syringe. One ml of cell sus-

pension was injected into the neck area, unless liquid emerged

between the leaf bases prior to injecting the total amount. The lacunar

cavity of the youngest emerging leaf of a second plant in each pot was

inoculated with 1.0 ml of cell suspension or until drops of liquid

formed along the margins of the leaf. The third plant in each pot

remained uninoculated. Two plants in control pots were injected with

sterile distilled water in the manner described above and the third

plant was left uninoculated.

After inoculation of the plants was completed, polyethylene bags

were placed over all pots and the plants were incubated under shade

for 48 hours. The polyethylene bags were then removed and disease

readings were taken. All plants were examined routinely for two
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Results

Morphological Characteristics
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Colony characteristics of the isolates used in identification

studies are listed in Table 9. The characters and the average colony

diameters are based on observation of colonies grown on nutrient agar

for 48 hours at 30°C. In some isolates, colony morphology, including

colony diameters, vary greatly from medium to medium.

All isolates included in identification studies were gram-

negative straight rods commonly occurring as single cells or pairs.

All were motile in hanging drop preparations after being grown for 18

to 24 hours in broth or on slants at 30° C. Table 10 lists the cell

measurements in microns (II), and the type and number of flagellae of

each isolate used in identification studies. With the exception of

isolate JP-YD-11-15-1(1), and its two subcultures, all unidentified

isolates capable of inciting soft rot on onion slices were motile by

polar flagellae.

Observation of many of the test isolates with the transmission

electron microscope confirmed the observations of cell size and

flagellation recorded with the light microscope. Plate 7 is an elec-

tron micrograph of Pseudomonas cepacia (isolate 64-22a1) showing
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Table 9. Colony morphology of the isolates included in the identification studies.

Isolate

4
5s2

5s3
5s7

7s4

1-3
1-4
2-6
B-18
JP-YD-1-4-1
MD-YD-3-7-2 #1
MB-YD-4-5-1 #2
MB-YD-4-5-1 Sm
JP-YD-11-15-1( 1)
JP-YD-11-15-1( 1)A
JP-YD -11-15-1( 1)B
Prepack -1
Rogue 1-2
Iris1
Iris2
P. aeruginosa
61-1

63-34
64-22a
64-22a #2
64-22a1
P. glycinea
P. marginalis
P. marginata
P. phasiolicola

(HB-2)
P. putida
X. campestris
E. amylovora (72A)

E. carotovora #1
E. carotovora

(N-3) #1
E. carotovora

(N-3) #2

Colony Form
Colony

Elevation
Colony
Margin

Colony Size
( ave.) min

circular convex sl. undulate . .1.5-2.0
circular convex sl. undulate 1,0-1,7
circular convex sl, undulate 1.7-2.0
circular convex sl. undulate 2,0
circular convex sl. undulate 2.0
circular raised sl. undulate 1.2-1.8
sl. irregular raised undulate 2.5-3,0
sl. irregular raised sl. undulate 1.7-2.2
circular convex entire 1.5
circular convex sl. undulate 1.0-1.5
sl. irregular convex entire 1.2-1,7
circular convex sl. undulate 1.7-2.0
circular pulvinate entire 1.0-1.5
circular convex entire 1.0-1.5
circular convex entire 0.8-1.2
circular convex sl. undulate 2.0-2.3
circular convex entire 0,8-1.3
circular convex entire 1.2-2.0
circular convex entire 1.0 1.5
circular convex sl. undulate 2.0
irregular sl. raised lobate 3.0-3.5
sl. irregular raised with

peaked center
sl. undulate 1.7-2.4

circular convex entire 1.0-1,5
circular convex entire 1.5-2.0
circular convex entire 1.5-2.0
circular convex entire 1.2-2.0
sl. irregular raised sl. undulate 1.0-1.4
circular convex entire 1.1-1.5
circular convex entire 0.5-1.0

circular convex 1.entire 1.0-1.6
irregular sl. raised undulate .3.0-5.0
circular convex entire 0.5
irregular raised with

peaked center
undulate 4.0-6.0

circular convex entire 1.0-1.6

circular convex entire 1.0

circular raised undulate 1.2-1.5

Colony Color

opaque yellow
opaque yellow
translucent beige
translucent beige
translucent beige
opaque white
translucent beige
opaque beige
opaque white
opaque yellow
opaque yellow
opaque yellow
opaque beige
opaque white
opaque white
opaque dull white
opaque yellow
opaque beige
translucent beige
translucent beige
translucent dull white
translucent beige

translucent beige
opaque yellow
opaque yellow
opaque yellow
translucent beige
translucent white
opaque beige

translucent yellow
translucent beige
opaque yellow
translucent dull white

opaque dull white

opaque dull white

opaque dull white
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Table 10. Cell size and flagellation of isolates included in identification studies.

Isolate

Average Cell Size
( in microns)____

Flagella

Type NumberaLength Width
41 1, 75-2. 25 0. 85 Polar 4 (3-6)
5s2 1-. 75-2-. 00 0.75 Polar 2 (1-3)
5s3 1.50 . 0.50 Polar 3-5 (2-6)
5V 1.40 -1, 50 0.55 Polar 13 -4 (2-6')
7s4 1. 30-1. 50 0.55 Polar 3-4 (2-6)
1-3 1. 20-1. 60 0.65 Polar 3 (2-5)
1-4 1. 10-1. 40 0.90 Polar 3- 4(2 -6)
2-6 1, 00-1. 50 0.6S Polar 4 (3-6)
B-18 1. 20-1. 70 0.90 Polar 2 (1-3)
JP-YD-1-4-1 2. 20-2. 70 0.90 Polar 2 (1-3)
MB-YD-3-7-2 #1 1. 80-2. 30 0.80 Polar 2 (1-3)
MB-YD-4-5-1 #2 1. 75-2. 25 0. 80 Polar 2 (1-3)
MB-YD-4-5-1 Sm 0. 70-1. 20 0.70 Polar 1 (0-1)
JP-YD-11-15-1( 1) 1. 60-2. 30 0.75 Peritrichous 5-6 (2-8)
JP-YD-11-15 -1( 1)A 1. 60-2. 2 0.75 Peritrichous 4-5 (2-7)
JP-YD-11-15-1( 1)B 1. 75-2. 30 0, 80 Peritrichous 5 (2-6)
Prepack - 1 2. 10-2. 80 0.95 Polar 2 (1-3)
Rogue 1-2 1. 10 -1.50 0.75 Polar 1 (0-1)
Iris1 1. 30-2, 50 0.50 Polar b 1 (0-2)
Iris2 1, 20 -2.40 0, 40 Polar 1 (0-2)
P. aeruzinosa 1. 20-1. 60 0.50 Polar c 2 (1-3)
61-1 1. 20-1. 80 0.70 Polar 3 (2-S)
63-34 1, 00 -1.50 0.60 Polar 3-4 (0-6)
64-22a 1, 75 -2.25 0.80 Polar 2 (1-3)
64-22a #2 1. 80-2. 40 0.80 Polar 2 (1-3)
64-22a1 1. 75-2. 25 0.80 Polar 2 (1-3)
P. glycinea 2. 25-2. 80 1. 30 Polar 3 (2-5)
P. marginalia - -- Polar 2 (1-3)
P. marginata 0. 90-1. 40 0.50 Polar c Z (1-5)
P. phasiolicola 1-13-2 1. 60-2. 40 0.40 Polar 1 (0-2)
P. putida 1. 40-2. 25 0.60 Polar 2 (1-3)
X. campestris 0,90-1,50 0.45 Polar 1 (0-2)
E. amvlovora (72A) 1. 10 -1.50 0.85 Peritrichous --
E. carotovora #1 1. 40-1, 70 0.75 Peritrichous 4 (1-8)
E. carotovora (N-3) #1 1. 30-1. 70 0. 70 Peritrichous 3 (1-5)
E. carotovora (N-3) #2 1. 40-1. 70 0.70 Peritrichous 4 (1-6)

a
Bracketed numbers represent the range in the number of flagella.

b
Cells often in pairs or short chains.

Cells frequently bipolar.
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Plate 7. A single cell of Pseudomonas cepacia (isolate
64-22a1) showing the positioning and size of the
polar flagellae. (Magri. 29,500X)
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the cell and its polar flagellae. Plate 8 is of isolate 41, showing that

this isolate possesses more capsular material and the flagellae are

shorter and not as flexuous as those of isolate 64-22a 1.
Isolate 1-4,

originally isolated from peat soil at Lake Labish, has a small width-

to-length ratio, making it appear at times almost coccoid in shape

(Plate 9). The flagellae of this isolate are notably long and flexuous.

Isolate 1-4 appears to possess little capsular material,

Only one isolate obtained from naturally infected bulbs are

capable of decaying inoculated onion slices (JY-YD-11-15-1(1))

possessed peritrichous flagella (Plate 10), Cells of this isolate are

greater in length than many of the isolates and possess very little

capsular material. The peritrichous flagellae are extremely long and

flexuous.

Physiological Characteristics

Influence of Temperature on Growth. The relationship of growth

of test isolates to incubation temperature is shown in Table 11.

Although optimal temperatures can not be derived by the incremental

design of this experiment, the trend toward maximal growth of

isolates is readily apparent. It is evident that most isolates capable

of decaying inoculated onion slices achieved maximal growth levels

between 30°C and 35°C (86-95°F).
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Plate 8. A cell of soft rot isolate 41 originally isolated
from a decaying bulb collected in a field at Labish.
(Magn. 27,500X)
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Plate 9. Soft rot isolate 1-4 isolated from soil at Labish.
(Magn. 21,600X)
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Plate 10. The habit of the peritrichous flagellae of isolate
JP-YD-11-15-1(1) isolated from a decaying bulb
from storage at Labish. (Magn. 26, 600X)
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Table 11. The effect of temperature on the growth response of test isolates.

Isolate
a

Tem erature oC

5+1 10±1 15±1 20±1 25+1 30±1 35+ 2 40+ 2

41 _b + ++ ++ +++ ++++

5s2 + ++ ++ +++ -H-+ ++

5s3 - +- + ++ ++ -F-H- +++ +

5s7 + ++ ++ -H- +++ +

7s4 + ++ ++ -HI- +++ +

1-3 + -H- -H- -H-+ +++ +

1-4 + -H- ++ ++ -H-+ +

2-6 + -H- ++ ++ +++ +

B-18 + ++ -H.+ +++ ++-H-+

JP-YD-1-4-1 - + ++ ++ +++ +++ ++

MB- YD- 3 -7 -2# 1 + ++ +++ -H-4- +++ ++

MB-YD-4-5-1#2 + ++ +++ +++ +++ +

MB-YD-4-5-1Sm + ++ ++ -H-+ ++-H-F

JP-YD -11-15-1( 1) + + ++ ++ +++ -I-F+ ++

Prepack-1 + ++ +4- +++ +++ +

Rogue 1-2 + ++ ++ +++ +++ +

Irisi + + ++ +++ -H-+ +

Iris2
+ -H- +4- +++ +++ +++ -H- -

P. aeruginosa + + ++ -H- -I-4- ++ +++

61-1 + ++ ++ ++ -H-+ ++ + -
63 -34 - + + ++ ++ ++ +

64-22a ± + ++ ++ +++ +++ -H-

64 -2 2 a#2 + + ++ +++ +++ -H-+ ++

64 -22a1 - - + ++ -H- +++ +++ -H-

P. glycinea + + ++ +++ ++ -
P. marginalis + ++ ++ +++ ++ -H-

P. marginata + ++ +4- +++ +++ -1-+ + "
P. putida + ++ -H- +++ +++ +++

X. campestris - + -H- -H-+ +++ -H-

a
Isolates not listed were not tested.

b-
= no growth; ±.= growth barely visible; + = growth apparent; ++ = growth abundant;

+++ = growth luxurient.
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Three isolates (Iris 61-1, and P. marginata) grew at 5°C

(41°F). Most soft rot isolates did not attain a comparable level of

growth at temperatures below 15°C (59°F). All isolates pathogenic to

onion slices, with the exception of 61-1, were able to grow at 40°C

(104°F) and, in fact, many grew extremely well at this temperature.

Utilization of Organic Compounds for Growth. Within the group

of test isolates, none possessed the ability to utilize all of the 56

organic compounds tested, nor did any substrate maintain all isolates

at the same level of growth. Table 12 lists the compounds tested and

number of test isolates able to grow on each; substrate. The isolates

not able to utilize each substrate are listed by their key numbers (see

Table 7). All the soft rot isolates from Lake Labish were able to

utilize more than 90% of the organic compounds tested (Table 13).

Pigment Production and Enzyme Activity. The isolates capable

of causing soft rot of inoculated onion slices are a diverse group

physiologically (Table 14). Most of the bacteria tested fall into one of

four reaction groups. Reaction Group I contains isolates which

possess lipase, oxidase, urease, and can hydrolyze gelatin. They can

also accumulate intracellular reserves of poly-P-hydroxybutyrate

(PHB) as well as utilize it as a substrate for growth. All isolates

possess a water soluble pigment which diffuses into King's Medium B

and fluoresces at 366 nm. None of the isolates possess the arginine

dihydrolase system or reduce nitrates to nitrites. Isolates 41, 5s2,
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Table 12. Utilization of organic compounds as carbon and energy
sources by test isolates.

Compound

Number of
Positive
Isolatesa Negative Isolatesb

Amino Acids:
Glycine 34 27,30
L-alanine 30 27,28,30,34,35,36
L - valine 30 20,27,28,30,35,36
L-leucine 34 27,28
L-isoleucine 33 27,28,30
L -phenylalanine 36 none
L proline 32 27,28,34,36
L-serine 31 27,28,30,35,36
L - threonine 30 27,28,30,34,35,36
L-cysteine 23 20,21,22,27,28,29,30,31,32,33,

34,35,36
L-cystine 34 27,28
L-methione 35 27
L tryptophan 32 27,28,30,35
L -tyro sine 31 27,28,30,35,36
L - asparagine 24 20,21,22,27,28,29,30,31,32,34,

35,36
L -asp artate 34 28,30
L -glutamate 33 27,28,32
L-lysine 35 27
L-arginine 35 27
DL -arginine 35 28
L -histidine 35 28

Carboh drates and Su: ar Derivatives:
D-arabinose 28 19,20,27,28,30,33,35,36
L - arabino se 35 30
D-ribose 34 19,30
D-xylose 35 30
D-fructose 35 30
D-fucose 32 20,27,28,30
D-galactose 35 30
D-gluconate 35 30
D-glucose 34 29,30
Inulin 26 2,7,10,22,24,25,26,28,30,36
2 -Keto -D-gluconate 34 30,36
D-mannose 34 30,31
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Table 12. Continued.

Compound

Number of
Positive
Isolatesa Negative Isolatesb

Mucate 23 19,20,21,22,27,28,29,30,31,32,
34,35,36

L-rhamnose 25 2,7,8,10,11,23,24,25,26,27,30
D-saccharate 35 30
Starch 13 All except 1,5,7,8,10,11,20,21,

23,27,31,32,33
D- cellobio se 27 19,20,21,23,27,28,29,30,31
Lactose 28 6,15,18,19,26,28,30,32
D-maltose 5 All except 19,20,27,32,33
Sucrose 30 18,19,21,23,30,31
D -trehalo se 31 19,20,21,30,31
Salicin 34 28,30
D-raffino se 25 1,2,10,11,12,17,18,23,24,25,30

Polyalcohols:
Glycerol 33 27,28,30
i-Erythritol 34 27,28
Adonitol 34 27,28
i-Inositol 36 none
Mannitol 34 20,30
D-sorbitol 34 27,28

Miscellaneous Organic Acids:
Citrate 34 27,30
Pyruvate 34 27,30
a-Ketoglutarate 34 27,30

Others:
m-hydroxybenzoate 14 All except 1,2,6,10,11,12,13,16,

17,18,23,24,25,26
Poly- -hydroxy

butyrate 31 27,30,34,35,36
Tryptamine 27 22,27,28,30,32,33,34,35,36

aThirty-six isolates tested.
b Listed by "Key Numbers" (see Table 7).
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Table 13. Nutritional adaptability of test isolates.

Key
Number Test Isolate

Number of Organic
Compounds Utilized a

1 41 54
2 5s2 51
3 5s3 53
4 5s7 53
5 7s4 54
6 1-3 53
7 1-4 52
8 2-6 52
9 B-18 53

10 JP -YD-1-4-1 52
11 MB -YD-3-7-2 #1 53
12 MB-YD-4-5-1 #2 53
13 MB-YD-4-5-1 Sm 52
14 JP-YD-11-15-1(1) 53
15 JP-YD-11-15-1(1)A 52
16 JP-YD-11-15-1(1)B 54
17 Prepack 1 53
18 Rogue 1-2 51
19 Irisl 47
20 Iris2 44
21 P. aeruginosa 48
22 61-1 48
23 63-34 51
24 64-22a 54
25 64-22a #2 51
26 64-22a1 53
27 P. glycinea 24
28 P. marginalis 26
29 P. marginata 49
30 P. phasiolicola (HB-2) 14
31 P. putida 47
32 X. campestris 48
33 E. amylovora (72A) 51
34 E. carotovora #1 46
35 E. carotovora (N-3) #1 41
36 E. carotovora (N-3) #2 41

a = 56 organic compounds tested.



Table 14. Physiological capabilities of test isolates.

Isolate

es
. a)

Ts
a),. N4) -8 co g -g a)

rn 4) 4-' a) .... ,, U C/3 +4 o Poly -(3 -hydroxybutyrate Fluorescence. co co os
1;1 >" co .c)- .0 lj a)
T. -1 X .., 12I

.,4.4 0 Z LI x Utilized Accum. p 366 nm p 254 nm

41 _a + + - + + + + mb

5s2 + + + + + + m
5s3 - + + + + + + + -
5s7 + + + + + + +

7s4 + + + + + + +

1-3 + + + + + + +

1-4 + + + - + + +

2-6 + + + _+ + + + -
B -18 + + + + + + + -
JP- YD -1 -4 -1 + + + + + m
MB-YD-3-7-2#1 + + + + + + in
MB-YD-4-5-1#2 + + + + - + + +

MB-YD-4-5-1Sm + + + + + + + + +

JP-YD-11-15-1( 1) + + + + + + +

JP-YD-11-15-1( 1)A - + + + + + + +

JP-YD-11-15-1( 1)B + + + + + + + -
Prepack - 1 + + - + + + - in
Rogue 1-2 - + + + + + + m
Irisl + + + - +

Iris2 - - - + -
P. aeruginosa + + + + + + +

61-1 + - + + + + + + +

63-34 + + + + + + -
64 -22a + + - + + + + m
64-22a#2 + + - + + + + m
64-22a1 + - + + + + m



Table 14. Continued.

Isolate

CA
C6

.154 ,g cl
fib. 'rf

rn 0.,

¢A ;24

P. glycinea
P. marginalis
P. marginata
P. phasiolicola (HB-2)
P. putida
X. campestris
E. amylovora (72A)
E. carotovora #1
E. carotovora (N-3)#1
E. carotovora (N-3)#2

+

+

_ +

+

+
+

+

o +

o +

o +

a)

/..

v
4),.-. o Poly- p-hydroxybutyrate, Fluorescence

a)
0 X Utilized Accum. @ 366 nm @ 254 nm

+_ - - + _

+ _ + +

+ +

+ + - + +

- + + + -
- + _ -

+ - -
- + - - -

+

a - = negative reaction; i= weak positive reaction; + = positive reaction; o = not tested.

Only the medium fluoresced.
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MB-YD-3-7-2#1, and all three isolates of P. cepacia react identically

and comprise Reaction Group I. Reaction Group II is comprised of

isolates 5s3, 5s7, 7s4, 1-3, 2-6, and B-18' and differs from Group I

only in that these isolates are capable of reducing nitrates to nitrites

and they lack the ability to produce fluorescent water-soluble pigments.

Reaction Group III includes isolates JP-YD-1-4-1 and Prepack-1

which are almost identical to members of Reaction Group I morpho

logically and physiologically, except that members of Group III do not

accumulate PHB, which separates them from Group I. This differ-

ence is diagnostically significant in the identification of plant patho-

genic bacteria (75, 87). Isolates in Reaction Group IV, which includes

JP-YD-11-15-1(1) and its two subcultures, react in all physiological

tests as do the isolates of Group II, but differ morphologically from

all other groups in that they are motile by peritrichous flagellae.

Four test isolates (1-4, MB-YD-4-5-1#2, MB-YD-4-5-1Sm, and

Rogue 1-2) capable of rapidly decaying onion bulb slices do not con-

form to any of these four groups.

Pathogenicity Studies

Most isolates capable of decaying inoculated onion slices are

also capable of producing elongate lesions in inoculated leaves under

modified greenhouse conditions (Table 15).
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Table 15. Pathological reactions of healthy leaf tissues to inoculation
with test isolates.

Isolatea

Tissues Inoculatedb

Youngest Leaf Leaf Sheaths (neck)
100% RH Ambient RI-1c 100%R1-1 Ambient RH

41 WM++ D D D
5s2 W+ D D D
5s3 WM++ D D D
5s7 W+ D D ID

7s4 WM++ D D D
1-3 WM++ W+ D D
1-4 W+ D D D
2-6 WM++ D ID D
B -18 WM++ D D D
JP-YD-1-4-1 WM++ ID D ID

MB-YD-3-7-2#1 WM++ D ID ID

MB-YD-4-5-1#2 WM++ ID D D
JP-YD-11-15-1(1) MG++ MG++ MG++ MG++
JP-YD-11-15-1(1)A MG++ MG++ MG+ MG+
JP-YD-11-15-1(1)B MG++ MG++ MG++ MG+
Prepack-1 WM++ D ID ID

Rogue 1-2 WM+ D ID D
P. aeruginosa W+ D ID D
61-1 D D ID ID

63-34 WM++ D D D
64-22a MG++ ID D D
64-22a#2 MG++ D D ID

64-22a1 MG++ ID D ID

P. marginalis D D D ID

P. marginata D ID D D
E. amylovora (72A) D ID D D
E. carotovora #1 WM+ ID ID D
Check

(water inoculated) ID ID ID D
aIsolates not listed were not tested.
bD = tissue desiccated at pt. of inoculation, no lesion; W = tissue
water soaked and discolored; WM = tissue watersoaked and slightly
macerated, tissue discolored; MG = tissue macerated, but still dark
green; + = restricted lesion, margin less than 5 mm from pt. of
inoculation; ++ = expanded lesion, margin greater than 5 mm from
pt. of inoculation.

cAmbient relative humidity fluctuated between 65% and 80%.
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With few exceptions, lesions developed on the leaves of plants

which were incubated in a saturated atmosphere (100% relative

humidity) for 48 hours prior to inoculation. When leaves of similar

size and age on plants which had not been incubated at 100% relative

humidity were inoculated, lesions developed only with isolates 1-3,

and JP-YD-11-15-1(1) and its subcultures,

With one exception, no external lesions formed in neck tissues

of plants incubated for 48 hours at 100% relative humidity or exposed

only to the ambient greenhouse atmosphere before inoculation. The

only exception was seen when neck tissues were inoculated with

isolate TP-YD-11-15-1(1), and its two subcultures, which readily

produced decay of neck tissues exposed to high humidity.

Lesions produced by most isolates were initially water soaked

and later turned soft and chlorotic and the epidermis was easily dis-

placed with slight pressure. Isolates 64-22a, JP-YD-11-15-1(1),

and their respective subcultures produced decay in which maceration

of infected tissue occurred rapidly with little sign of water soaking

and subsequent chlorosis. In early stages of infection these tissues

were hard to distinguish from healthy tissues, but infected tissues

faded to light brown or yellow in older lesions.

After observing the pathological reactions of plants 48 hours

after inoculation, plants were left unshaded under ambient greenhouse

conditions for 5 days. At this time it was evident that lesion
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development had ceased. Most plants which had been subjected to

48 hours of 100% relative humidity prior to inoculation, whether or not

symptoms were evident at the first reading, showed curling and dis-

tortion of the leaf around the point of inoculation.

Plants inoculated with isolate JP-YD-11-15-1(1) and its two

subcultures did not show lesion arrestment and were totally decayed

within one week of inoculation.

Bacteria with colony characteristics identical to the isolates

introduced into the plants were obtained from the margins of lesions

96 hours after inoculation.
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DISCUSSION

Although it is evident that a definite pattern in fluctuation of air

temperature is related to generalized outbreaks of bacterial soft rot

in the Lake Labish onion growing area, temperature patterns

undoubtedly develop as a result of changes in weather which also bring

about overcast conditions and precipitation. During such periods the

most dramatic changes are the increased duration of high humidity

and free moisture on plant surfaces. Therefore, it seems most

appropriate to consider interacting effects of temperature and mois-

ture as primary predisposing factors in the development of generalized

outbreaks of bacterial soft rot of onions in the Lake Labish area

during the growing season.

There is a predictable "lag period" between the onset of

inclement weather conditions and appearance of new soft rot infections.

In the latter weeks of June, the lag period is about 10 days (Figure 5),

but as the seasonal temperatures increase in July and early August,

the lag period is 7 or 8 days. These lag periods also suggest that the

organisms causing soft rot enter upper portions of the plant during

periods of free moisture and high humidity, but must increase within

the host before external symptoms become evident. Furthermore,

it is apparent that the organisms, once inside the host plant, do not

require continuance of either extended periods of free moisture and
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high humidity or cooler temperatures to elicit visible symptoms in

infected plants. It appears that higher temperatures may actually

hasten symptom development, as judged by shorter lag periods

between inclement weather and appearance of symptoms later in the

growing season.

Regular occurrence of outbreaks of bacterial soft rot following

periods of inclement weather suggests that soft rot outbreaks can be

forecast, possibly as much as 7 to 10 days before appearance of

symptoms. Although such forecasting would not presently lead to

total avoidance of an outbreak of bacterial soft rot, the growers'

awareness of conditions considered favorable for development of new

outbreaks would allow the modification and/or cessation of field

activities such as cultivation and spraying to minimize plant injury

during periods of inclement weather. These findings also lend sup-

port to the onion growers' observations of consistant initial appear-

ance of bacterial soft rot during the last two weeks of June.

In addition to the relationship between occurrence of soft rot

and weather patterns, careful observation suggests that plant age is

of some importance. This contention is supported by the fact that

generally only earliest seeded onions are infected in June and fields

seeded later do not show soft rot until the first weeks of July. It is

not known whether this "apparent" resistance in smaller onions is a

physical phenomenon related to size of the neck or other above ground
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portions, or whether it is a physiological phenomenon and is related

to the biochemical status of internal tissues.

The initial outbreak of bacterial soft rot is comprised mainly of

infected plants showing chlorosis and collapse of older leaves,

associated with the formation of elongated lesions at the base of

younger leaves. Infected plants showing this symptom pattern become

less noticeable as the season progresses, but then become dominant

again just prior to harvest. This fluctuation of symptom type sug-

gests that subtle relationships of temperature and moisture affect the

ability of the organism or organisms to elicit these symptoms.

It would seem logical that these shifts in symptom type which

are elicited while the onion crop is maturing also have a direct bear-

ing on the pattern of decay seen in storage. It would then follow that

the most common type of decay seen in storage, bulbs with "slippery

skins, " is probably caused by the organism or organisms responsible

for Type I symptoms in the field. In the same way it would appear

that organisms causing Type II symptoms in the field are implicated in

mushy, putrid decay ("stinking rot") which is less noticeable (in

numbers only) than "slippery skin. "

Conclusions drawn only from such broad assumptions madeabove

would be questionable. But when considering that morphological char-

acters of colonies most commonly isolated from plants with Type I

symptoms are identical with the colonies most commonly isolated
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from "slippery skin" bulbs in storage and colonies from both sources

are pathogenic on onion slices, the conclusions seem more sound.

These same relationships hold true for plants with Type II symptoms

and bulbs with "stinking rot" in storage.

Two seasons of investigating the influence of irrigation on

severity of bacterial soft rot show that the source of irrigation water

has a significant affect on the amount of soft rot evident during the

growing season, at harvest time and during storage.

It appears that organisms capable of causing bacterial soft rot

are present in high numbers in surface drainage water which is com-

monly reused for irrigation through overhead sprinklers. Irrigation

of onions with water drawn from a deep well resulted in minimal

levels of soft rot both in the field at harvest and in storage.

To a lesser extent, irrigation factors such as frequency, rate

of application, and sprinkler nozzle oriface size can influence the

incidence of bacterial soft rot. It appears that the longer and more

frequent the periods of irrigation, the greater the incidence of

bacterial soft rot. This agrees with earlier findings of the relation

between outbreaks of soft rot and extended periods of high humidity

and free moisture on plant surfaces.

It is possibly most significant that the same general patterns of

disease incidence existed throughout two strikingly different growing

seasons. The role of contaminated water in disease incidence
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appears to be a constant factor that can influence rot severity

independent of weather conditions.

As with many other bacterial diseases, mechanical injury

influences the severity of bacterial soft rot both in the field and in

storage. In some cases, it was found that mechanical injury more

than doubled the amount of soft rot evident at harvest (Figure 10).

The influence of late-season rains on bacterial soft rot (Figures

8 and 9) suggest also that care should be taken in extending the irriga-

tion schedule late into the growing season. Exposure to periods of

moisture and high humidity at this stage of development of the onions

can greatly influence the disease losses realized in storage

(Figure 11),

During the 1971 season, there were larger amounts of bulbs

76 mm (3 inches) and over in subplots where onions were injured

than were found in their uninjured counterparts within each treatment.

Stand counts of plants in subplots where onions were injured were

found to be smaller than their uninjured counterparts. It appeared

that mechanical injury had reduced the stand so that remaining plants

attained larger size.

A large number of onion bulbs showing soft rot symptoms at

harvest are decayed beyond the point of being of concern in storage

(Figure 18). There also was a low level of bulbs infected with fungal

decays, predominantly basal bulb rot caused by Fusarium sp. , which



2

o

_J

CO

nSOFT ROT NOT
I N TO STORAGE

SOFT ROT
INTO STORAGE

FUNGAL ROTS

I 2 3 4
IRRIGATION TREATMENT

Figure 18. Relation of irrigation factors to the type of decay found at
harvest: August 1972.
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went into storage and there continued to decay. During the winter of

1972-73 decay initiated by fungi actually caused greater losses in

storage than did decay incited by soft rot bacteria (Figure 17). This

suggests that casual observation of decaying bulbs might lead to an

incorrect estimation of losses in storage caused by any single

organism.

Bacteria isolated from decaying onion tissues in the field and in

storage, and from field soils, initially appeared to be a fairly uniform

group of organisms. Although colony morphology of soft rot isolates

was similar, cell morphology was variable among isolates. Cell

width varied from 0.50 p. (isolate 5s3) to 0.95 p. (isolate Prepack-1)

and length varied from 1.00 p. (isolate 63-34) to 2.80 p. (isolate

Prepack-1). All isolates, except the isolates of JP-YD-11-15-1(1)

and the Erwinia carotovora isolates, were motile by polar flagellae.

Average number of polar flagellae per cell varied from one on cells

of isolate MB-YD-4-5-1Sm and Rogue 1-2 to five on cells of isolate

5s3.

Morphological characters unique to soft rot isolates indicate that

most are members of the genus Pseudomonas (8). However, isolate

JP -YD-11-15-1(1) and its two subcultures, which are motile with four

to six peritrichous flagellae, appear to be more closely allied with the

genus Erwinia (8).
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Growth of most soft rot isolates was greatest at 30 or 35° C.

All soft rot isolates, except isolate 61-1, utilized more than 90% of

the organic compounds to which they were exposed.

Identification of plant pathogenic pseudomonads is a difficult

undertaking as is exemplified by the work of Stanier, Palleroni, and

Doudoroff (91). The most dependable criteria for identification has

been a battery of tests, with tests for enzymatic capability being most

important. Soft rot isolates for onions differ widely in their

enzymatic capabilities (Table 14). Based primarily on these tests,

most soft rot isolates were placed in one of four Reaction Groups.

When Reaction Groups are fitted to the key for Pseudomonas

species presented by Schroth and Hildebrand (87), based on nutritional

and physiological characters, it is evident that members of Reaction

Group I conform to the species concept of Pseudomonas cepacia.

Characters which separate these isolates and known isolates of

P. cepacia (64-22a, 64-22a#2, and 64-22a1) from other species

include: (1) ability to accumulate poly-P-hydroxybutyrate within the

cell, (2) ability to utilize DL-arginine as a sole source of carbon,

(3) absence of the arginine dihydrolase system, and (4) ability to

utilize tryptamine and meta-hydroxybenzoate.

The two soft rot isolates which do not accumulate poly-P-

hydroxybutyrate (members of Reaction Group III) most closely con-

form to Schroth and Hildebrand's species concept of Pseudomonas
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cichorii, as expressed by key criteria. Although isolates of

P. cichorii have the capability of decaying inoculated onion slices

(15), this species has not been reported as causing decay of bulbs in

storage or in the field by natural infection.

Members of Reaction Group II, the largest grouping of soft rot

isolates, conform to the species concept of P. cepacia expressed in

the Schroth and Hildebrand key. But there are two factors incon-

sistant with the description of P. cepacia in Bergey's Manual of

Determinative Bacteriology (8). All isolates of Reaction Group II can

reduce nitrates to nitrites and none produce a water-soluble

fluorescent pigment (Table 14). Of the two factors inconsistant with

the general description of P. cepacia, failure to denitrify has

remained an important taxonomic character (4). The Schroth and

Hildebrand key make no mention of importance of this character in

remarks preceding the key nor is it included as a separating criterium

in the key itself, Reservations are, therefore, held on positive

identification of isolates included in Reaction Group II.

Reaction Group IV, containing only isolate JP-YD-11-15-1(1)

and its two subcultures, is probably the most interesting Group of

the four since members are virulent pathogens of both onion slices and

intact plants, but are the least understood taxonomically. Although

they appear to be members of the genus Erwinia based on cell size

and flagellation, they react differently nutritionally andphysiologically.
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Members of Reaction Group IV utilized from 52 to 54 of the 56 organic

compounds tested, whereas known isolates of Erwinia carotovora

utilized from 41 to 46 test compounds (Table 13). The three known

isolates of E. carotovora varied physiologically from the isolates in

Group IV by being oxidase negative and urease negative. They were

not capable of either utilizing or accumulating poly-13-hydroxybutyrate

(Table 14). The members of Reaction Group IV were not able to

hydrolyze sodium polypectate (31) as do isolates of E. carotovora.

Ability of Pseudomonas isolates to incite soft rots in inoculated

onions in the greenhouse is directly dependent on occurrence of

favorable predisposing conditions prior to inoculation. If such condi-

tions are terminated shortly after inoculation, lesion development and

further decay also ceases and plants appear to partially recover.

This pattern of symptom development and recovery is commonly

found to occur naturally in infected onion plants during the growing

season, but it is not known if the pseudomonads isolated from soft rots

can individually incite Type I symptoms (Plate 1) in plants inoculated

and incubated under prevailing field conditions.

The Erwinia-like organisms (members of Reaction Group IV)

appear to be more adaptable to prevailing conditions and are not as

dependent on a period of high humidity prior to inoculation. These

isolates incite symptoms almost identical to Type II symptoms

described earlier (Plate 3) with total decay occurring in less than one
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week. Plants in the greenhouse inoculated with these isolates showed

no signs of recovering.

Preliminary tests performed on healthy onions in the field

indicate that a similar pattern of decay is incited when neck tissues

are syringe inoculated with suspensions of 106 cells /ml, but the pre-

liminary nature of these tests make the results somewhat inconclusive.

Of course, major questions on the field biology of the soft rot

organisms and their relationship to the host crop remain to be

answered. The observation that soft rot symptoms are never found

in plants less than 10-12 weeks old may indicate differential suscepti-

bility of the plant or may be related to the numbers of the pathogen,

or pathogens, to which plants are exposed.

It remains to be shown that soft rot organisms other than the

Erwinia-like isolates, can elicit disease when introduced into healthy

onions under prevailing field conditions. The number of cells

required to incite disease in the field is still unknown, as is relative

abundance of soft rot bacteria present in field soil and surface

drainage water.

Although it is suspected that the soft rot organisms can survive

the winters in western Oregon in field-culled onions and other plant

debris, confirmation is still to be made.

The diversity of the soft rot isolates makes conclusive

identification very difficult and it will therefore be necessary to
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expand the battery of identification tests before species identification

of many of the isolates capable of decaying onion tissues can be con-

firmed.

In the final analysis, investigations on the etiology of bacterial

soft rot of onions and the identification of causal bacteria is of benefit

to the onion growers of western Oregon only if they can, through

application of the results of these studies, produce a higher quality,

more saleable commodity. Avoidance of disease by minimizing

mechanical injury to growing onions, eliminating use of contaminated

irrigation water during the growing season, limiting late-season

irrigation just prior to harvest, and properly curing the crop before

storing should therefore result in less cull and more saleable onions,

with higher monetary returns being the ideal end result.
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SUMMARY

1. Observation of decaying onions in the Lake Labish area of western

Oregon indicated that there are two distinct symptom patterns of

soft rot evident during the growing season and that two kinds of

soft rot are commonly encountered in storage.

2. The initial appearance of soft rot in the third week of June is

related to the occurrence of rain and cool, cloudy weather in the

previous week. Area-wide outbreaks throughout the growing season

are related to the occurrence of inclement weather. Because

this relationship is a predictable phenomenon, it is of value in

forecasting disease outbreaks.

3. Irrigation with contaminated surface water increases the amount

of soft rot in the field and storage over that found when uncon

taminated deep-well water is used.

4. Irrigation frequency, rate, and sprinkler size affect the amount

of soft rot in the field and in storage to a lesser extent than does

the source of irrigation water. Longer and more frequent periods

of irrigation increase the incidence of bacterial soft rot.

5. Seventeen isolates capable of decaying inoculated onion bulbs were

characterized. Three isolates have been identified as Pseudomonas

cepacia. Five isolates which lacked the ability to produce a water-

soluble fluorescent pigment and possessed a nitrate reductase
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system were otherwise identical to P. cepacia. On the basis o

physiological tests, two additional isolates were identified as

P. cichorii. Three other isolates were provisionally identified

as members of the genus Erwinia, based solely on cell shape and

flagellation. The remaining four isolates were not identified.

6. Plants in the greenhouse exposed to 100% relative humidity for

48 hours prior to and again following inoculation with soft rot

isolates showed symptoms 48 hours after inoculation resembling

those seen in the field. Isolate JP-YD-11-15-1(1) and its two sub-

cultures completely decayed plants within 48 hours of inoculation.

Plants inoculated with all other isolates showed signs of recovery

after incubation at ambient greenhouse conditions for an additional

5 days.
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