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chrysanthemi Burkholder, McFadden and Dimock and other
phytobacteria causal agents of onion (Allium cepa L.) bulb
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21:189-198.
Abstract. For the first time, a severe soft rot of onion bulbs
in commercial fields was detected in southern Tamaulipas
and eastern San Luis Potosi States, Mexico, in 1989. To
identify the causal agent, 50 rotten bulbs were analyzed.
Commercial seed lots, soil, and irrigation water were also
investigated as a potential sources of inoculum. Pathogenic
bacteria isolated from bulbs were identified by the biolog
microplate system (BMS), Ouchterlony double diffusion
serology, physiological tests, and only by BMS for  bacteria
from the other sources. The study indicated that Erwinia
chrysanthemi causes bulb soft rot, and that seed from the
white bulb var. Early Supreme, and the yellow bulb vars.
Ringer Grano and Texas Grano produced by Asgrow and
Sunblest companies were the only source of the species. The
percentage of contamination was 0.25, 0.25, and 0.5%,
respectively. The following bacteria were also isolated from
seed, soil, and water: Bacillus licheniformis, B. megaterium,
B. subtilis var. globigii, Burkholderia cepacia, Enterobacter
agglomerans, Erwinia carotovora subsp. carotovora,
Klebsiella pneumoniae, Pseudomonas cichorii, P. corrugata,
Serratia marcescens, S. odorifera, and Xanthomonas
maltophilia.

Additional keywords: Seed, soil, water.

Resumen. En el sur del estado de Tamaulipas y en el oriente
de San Luis Potosí, México, se detectó por primera vez en
forma severa una pudrición suave de los bulbos de cebolla
en campos comerciales en 1989. Para identificar el agente

causal, 50 bulbos podridos se fueron analizados. También se
investigó muestras de semillas comerciales, suelo, y el agua
de irrigación como fuentes potenciales de inóculo. Las
bacterias patógenas aisladas de los bulbos se identificaron
mediante el sistema de microplatos biolog (BMS), serología
de difusión doble Ouchterlony, pruebas fisiológicas, y sólo
mediante BMS para las bacterias aisladas de otras fuentes.
El estudio indicó que Erwinia chrysanthemi causa la
pudrición suave de los bulbos, y que la semilla de la variedad
de bulbos blancos Early Supreme, y Ringer Grano y Texas
Grano de bulbos amarillos producidos por las compañías
Asgrow y Sunblest, fueron la única fuente de esta especie. El
porcentaje de contaminación fue 0.25, 0.25, y 0.5%,
respectivamente. En semilla, suelo y agua, también se aislaron
las siguientes bacterias: Bacillus licheniformis, B.
megaterium, B. subtilis var. globigii, Burkholderia cepacia,
Enterobacter agglomerans, Erwinia carotovora subsp.
carotovora, Klebsiella pneumoniae, Pseudomonas cichorii,
P. corrugata, Serratia marcescens, S. odorifera y
Xanthomonas maltophilia.

Palabras clave adicionales: Semilla, suelo, agua.

In Mexico, onions (Allium cepa L.) are grown during the
autumn and winter seasons. In the southern region of
Tamaulipas  (Tamp.), and eastern region of San Luis Potosi
(SLP) states, 3,000 to 6,000 ha of several short day onion
varieties are grown each year. The main diseases of this crop
are usually caused by foliar fungi (Avila, 1989). A bacterial
bulb decay consisting of colourless soft rot without fetid odor
was detected for the first time in these regions in 1989.
Samples taken in 1989 and 1991, indicated that disease
incidence of bulb decay varied from 5 to 10%. Disease
incidence reached 100% in 1989 in a 25 ha field in Tamp.,
and in 1992 in a 20 ha field in SLP (Yáñez-Morales, 1989).
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Onion bulb decay has been detected in red, white, and yellow
onion varieties in commercial fields in both states in late
January, when bulbs are in the mid developmental stage. Early
infection has been observed at the inner part of the bulb in
the neck region, and the decay gradually invades the whole
bulb, while the outer scale remains unaffected. Also, in the
early state of bulb infection, the older leaves become flaccid
and yellow, and later, when the bulb becomes severely
decayed, all the leaves die (Yáñez-Morales, 1989). Several
bacterial diseases have been reported previously in Mexico:
Decay of onion bulbs caused by Erwinia carotovora (Jones)
Bergy in the state of Morelos (Rodríguez, 1972), and the
bacterial complex of Clavibacter michiganensis (Smith)
Davis, Gillaspie, Viduver, and Harris [formerly
Corynebacterium michiganense (Smith) Jensen], E.
chrysanthemi Burkholder, McFadden, and Dimock, and
Burkholderia cepacia (Palleroni and Holmes) Yabuuchi et
al. [formerly Pseudomonas cepacia (Burkholder) Palleroni
and Holmes] which was detected in an experimental plot in
the state of Mexico (Manrique and Fucikovsky-Zak, 1991).
In New York, USA, where long day onion varieties are planted
during the summer, B. cepacia, Pseudomonas alliicola
(Burkholder) Starr, and Burkh, and P. marginalis (Brown)
Stevens have been reported causing soft rot of bulbs in
commercial fields for the last 35 years (Lorbeer, 1995). In
1995, under an unusual warm and rainy season, and under a
drip irrigation system, E. chrysanthemi was identified causing
a soft rot of onion bulbs in several commercial fields in Cato,
New York, for the first time (Lorbeer et al., 1996). In this
region the inner part of bulbs was totally macerated (Lorbeer
et al., 1996), similar to the bulbs in commercial fields in
Mexico. In other countries such as Brazil (Jaccoud et al.,
1987) and New Guinea (Tomlinson, 1987), decay of onion
bulbs is caused by B. cepacia; E. rhapontici (Millard)
Burkholder causes decay in Japan (Mohan, 1994); E.
carotovora subsp. carotovora, P. marginalis, P. viridiflava
(Burkholder) Dowson, and P. gladioli pv. allicola
(Burkholder) Young, Dye, and Wilkie, have been shown to
cause bacterial bulb decay in New Zealand (Wright, 1993;
Wright and Hale, 1992; Wright et al., 1993), as well as in
Australia (Moffett, 1983). E. carotovora subsp. carotovora
is the main limiting factor in storage and transport of onion
bulbs; also it may cause onion rot in commercial fields
(Mohan, 1994). The fungus Kluyveromyces marxianus
(Hansen) van der Walt was reported to cause onion bulb decay
in Washington and Oregon, USA (Johnson et al., 1989). The
objective of the present research was to identity the bacteria
implicated in soft rot disease in onion bulbs in some regions
of Tamaulipas, and San Luis Potosi states, Mexico, and to
analyze commercial onion seed lots, soil, and irrigation water,
as potencial sources of inoculum.

MATERIALS AND METHODS
Selection of strains. Bulbs. Fifty onion bulbs with bacterial
decay were analyzed in 1989 and 1992 in onion fields from

some regions in Tamp., and SLP states in Mexico. A loop of
decayed tissue from inside of each bulb was added to a 10 ml
of sterile water and agitated in a vortex mixer. Then, a loop
of this suspension was streaked on plates with King’s medium
B (KB) (Schaad et al., 2001), and incubated at 28°C for 48
h. Fifty different strains were chosen based on colony
morphology using a stereomicroscope. After pathogenicity
tests were conducted, 20 out of 50 pathogenic strains were
selected for their identification using the following
procedures: a) Gram negative (GN) bacteria by the Biolog
microplate system (BMS) (Marello and Bochner, 1989), b)
Ouchterlony double diffusion serology (Dickey et al., 1984),
and c) physiological tests (Dickey, 1979; Lelliott and Stead,
1987; Schaad et al., 2001). The pathogenic strains isolated
from onion seed, soil, and irrigation water were identified
only by the GN and GP (Gram positive) BMS procedures.
Seeds. A total of 17 seed samples were analyzed (Tables 1
and 2). Nine seed samples each of about 25 g were obtained
from El Cinco Ranch in Ebano County, SLP, in March, 1992.
The seeds were remnants of the ones planted by farmers in
September, 1991, and represented eight onion varieties of
red, white, and yellow bulb color, produced by five onion
seed companies: Asgrow, Neuman, Rio Colorado Seeds LTD,
Sunblest, and Sun Seeds. Six months later, the second groups
of seed samples were taken again in El Cinco Ranch, and in
Nuevo ranch, from Tamuin county, SLP. Eight samples, each
of about 25 g were taken from hermetically sealed containers
before they were planted in commercial fields. These samples
represented six onion varieties of red, white, and yellow bulbs,
and they were produced by Agri Systems, Asgrow, Sunblest,
and Sun Seeds. From each of the 17 referred samples, a
random subsample of 400 seeds was taken, examined under
the stereoscopic microscope, and without desinfestation,
placed on KB and the dishes were incubated for 24 or 48 h at
28°C. Then, each seed was examined under the
stereomicroscope for bacterial growth detection and
pathogenicity test. Seed germination tests were also carried
out in speed sheet sets in the greenhouse, using 100 seeds for
each sample.
Soil. Seven random soil samples were collected from
commercial onion fields during the 1992-1993 growing
season; six were taken from within rows, and one from the
rhizosphere. Five samples from within rows were from Villa
Blanca, Gonzalez County, Tamp., and one was from El Cinco
and Nuevo Ranches in the two Counties in SLP. The
rhizosphere soil was from Villa Blanca, Gonzalez county,
Tamp., La Selva, in Altamira, county, Tamp., and Ebano, SLP.
A total of 96 samples  (84 samples from within rows, and 12
from the rhizosphere) of 50 g each, were analyzed. The soil
from within rows was randomly sampled with four replicates
at 3, 10, and 15 cm soil depths, and the rhizosphere soil from
four random onion plants for each of the three onion fields.
Each sample was manually homogenized in the laboratory,
and a subsample of 1.0 g was vortexed in 10 ml of sterile
distilled water. Then, the suspension was left to sediment for
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20 min, and a loop from the supernatant was streaked on KB
and incubated for 24-48 h at 28°C. The bacterial colonies

obtained were selected for pathogenicity tests, and the
pathogenic ones were identified by the BMS technique.
Irrigation water. Four water samples with four replicates per
each sample were collected in Villa Blanca, La Selva, and
Ebano, SLP. The first three were collected in January, March,
and December, 1992, and the fourth one in February, 1993.
From a total of 20 samples of about 100 ml each, 1.0 ml was
uniformly streaked on a KB plate, and incubated for 24-48 h
at 28°C. The bacterial colonies obtained were selected for
pathogenicity tests, and identified by the BMS technique.
Pathogenicity tests and storage of strains. Each bacterial
strain isolated from bulbs, seeds, soil, and irrigation water,
was transferred to KB for purification and inoculum
production. Pathogenicity tests (Agrios, 1997) were
accomplished by stab inoculation of onion slices and onion
bulbs (previously surface disinfested with 5% sodium
hypochlorite for 5 min), with bacterial cells of each strain.
The inoculated plant material was incubated in a humid
chamber for 24 and 48 h at 28°C, and the bacterial colonies
that caused rot were subjected to further identification. For
storage, the bacterial strains were transferred to sterilized
borisilicate tubes with sterile, distilled water and maintained
at room temperature; later, they were stored in 50% glycerol
in 2 ml cryogenic tubes  and maintained at -70°C. Bacterial
strains isolated from seed, soil, and water, were considered
pathogenic when healthy tissue around and below the
inoculation site had some kind of rot with or without tissue
coloration. Bacteria were reisolated from the rotten tissue.
Identification. Gram negative or GN characteristic was
initially accomplished according to  Ryu’s test (Ryu, 1940).
Later, the test was performed on some strains to confirm initial
results. Additional tests were conducted to caracterize 20
strains out of 50 isolated from onion bulbs, 23 out of 70 from
seed, 11 from soil, and 5 from water. The following techniques
were used for identification:
BMS. Each bacterial strain selected was grown on tryptic-
soy-agar (TSA) medium (Difco) for 24 h at 28°C. These
isolates were used for  identification according to the BMS
manual; each strain was transferred from TSA to 18-20 ml of
sterile, distilled, saline water (0.85%), and the suspension
was adjusted to an approximate cell concentration of 3 x 108/
ml by optical density at 590 nm using a Bausch and Lomb
Spectronic 20 colorimeter. Each suspension was transferred
to one GN or GP microplate by adding 150 µl to each of the
96 wells contained in the microplate. One microplate/sample
was used,  and placed in a moist chamber at 30°C for 4-24 h.
Results were determined by visual observation of the presence
or absence of a purple color in the well. The first reading was
taken at 4 h, and if necessary a second reading was taken
after 24 h of incubation. The data were interpreted using the
Microlog™ software program which yields a confident value
called “SIM”. If this value is 0.5-1.0 for the 24 h group, or
0.75-1.0 for the 4 h group, there is confidence for correct
identification of the bacteria (Marello and Bochner, 1989).
Isolates of Erwinia herbicola (Löhnis) Dye (now

                                                           Seed contamination
Sample                                                 with bacteria (%)
 No.w      OSCx             Variety                  TBSy             PBNIz

Table 1. Percentage of pathogenic bacteria detected in nine
onion (Allium cepa) seed samples produced by five seed
companies, and sampled at El Cinco Ranch, Ebano County,
San Luis Potosi, Mexico, in March, 1992.

wEach sample consisted of 400 seeds.
xOSC = Onion seed company; B = Asgrow; C = Neuman; D
= Rio Colorado Seeds LTD; E = Sunblest; F = Sun Seeds.
yTBS = Total bacteria per sample.
zPBNI = Pathogenic bacteria from the total isolated, not
identified to genus.

Yellow bulb varieties

White bulb varieties

Red bulb varieties

1 D Ringer Grano 11.25 8.50
2 B Texas Grano 7.75 7.25
3 E Henry’s Special 4.50 4.25
4 E Ringer Grano 2.75 2.75

5 C Reyna 3.25 2.00
6 F Early Supreme 2.75 1.00
7 D Rio Unico 0.25 0.25
8 E Contessa 0.00 0.00

9 E Red Granex 0.75 0.75

1 F Henry’s Special 4.75 4.00 95
2 A Ringer Grano 4.00 2.50 81
3 E Ringer Grano 2.75 2.00 85
4 B Texas Grano 2.00 1.25 97

5 E Early Supreme 1.50 0.50 95
6 E Contessa 1.00 0.00 97
7 B Early Supreme 0.75 0.25 95

8 F Red Granex 5.75 0.00 97

                                                          Seed contamination
 Sample                                                with bacteria (%)
  No.v      OSCw           Variety                    TBSx          PBNI y    SG (%)z

Yellow bulb varieties

White bulb varieties

Red bulb varieties

Table 2. Percentage of pathogenic bacteria detected on seed and
percentage of seed germination from eight onion (Allium cepa) seed
samples produced by four onion seed companies, sampled at the
Nuevo, Tamuin County, and El Cinco Ranch, Ebano County, San
Luis Potosi, Mexico, in September, 1992.

vEach sample consisted of 400 seeds. Sample No. 1, 3, 5, and 7
were from Nuevo Ranch, and 2, 4, 6, and 8 from El Cinco.
wOSC = Onion seed company; A = Agri Systems; B = Asgrow; E =
Sunblest; F = Sun Seeds.
 xTBS = Total bacteria per sample.
yPBI = Pathogenic bacteria from the total isolated, not identified to
genus.
zSeed germination; each sample consisted of 100 seeds.
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Enterobacter agglomerans Ewing and Fife (Shadd et al.,
2001), and E. amylovora (Burril) Winolow, Broadhurst,
Buchanan, Krumwiede, Rogers, and Smith, were used as a
control to confirm that the BMS was correctly standardized.
Besides, 15% of the bacterial strain samples were re-run as a
double check.
Serology tests. The 20 bacterial strains from onion bulbs were
identified by the Ouchterlony double diffusion serology test
(Dickey et al., 1984).  Each strain was grown on yeast extract-
dextrose-calcium carbonate (YDS) medium (Schaad et al.,
2001) for 24 h at 28°C. A highly concentrated suspension of
bacterial cells in 0.85% saline, sterile, distilled water, was
prepared from each strain. Four plastic Petri dishes with the
growth medium 0.95% oxoid purified agar, 0.85% NaCl,
0.01% Trypan blue, and 100 ml high purity distilled water
(Dickey et al., 1984) were used to conduct the test. A circular
pattern of eight wells plus a central well were made in this
solid medium. Then, each of the eight periphery wells was
filled with a bacterial cell suspension (antigen) of each
different strain. For this test, the antiserum of strain 151 of E.
chrysanthemi was placed in the central well. Cell suspensions
of a known strain of E. chrysanthemi was used as a positive
control. Wells filled with sterile water were the negative
control. The plates were incubated in a moist chamber at room
temperature for three days in order to observe precipitin
bands.
Physiological tests. The bacterial strains C-47 y C-50 isolated
from onion bulbs were subjected to the following tests: potato
soft rot, catalase, oxidase, fermentation of glucose, indole,

phosphatase, and acid production from four carbohydrates
(D-lactose, trehalose, α-methyl-d-glucoside, and palatinose),
gas from glucose, and growth in 5% NaCl (Dickey, 1979;
Schaad et al., 2001).

RESULTS
Bulbs. Fifty bacterial strains were pathogenic on artificially
inoculated onion bulbs and slices; all fifty were GN. The soft
rot induced in 24 h was similar to that observed in commercial
fields, and reached 1.5-5.8 cm in diameter in the inoculated
site. Utilizing the biolog system for GN bacteria, 20 of the
50 strains were identified as Erwinia chrysanthemi (Table
3), the other 30 strains were not tested and discarded. Thirteen
strains utilized carbon sources during an incubation period
of 4 h, and their SIM values ranged from 0.833 to 0.979; the
other seven strains utilized carbon source in 24 h, and their
SIM values ranged from 0.850 to 0.936. Three of these strains
(No. 1, 7, and 16) were double checked confirming the
identification of E. chrysanthemi with SIM values after 4
and 24 h higher than 0.8. The correct identification of E.
amylovora and E. agglomerans confirmed that the biolog
system was accurately standardized; the A1 well in each
microplate used did not show purple coloration as expected
for this pre-fixed negative control. The serology test showed
that 18 out of the same 20 strains were able to produce a
precipitin band, which identified them as E. chrysanthemi.
The well containing distilled, sterile water did not show the
band; the same results were observed in wells with strains 2
and 15. The known strain 151 ( E. chrysanthemi) showed the

Table 3. Identification of twenty bacterial strains causing soft rot of onion (Allium
cepa) bulbs by using the Biolog system and serology techniques.
Unknown                                                                     GN Biolog SIMv

strains       Bacteria identified                        4w                                    24                   Sx

vBiolog SIM (software program confident value: 0.5-1.0 for 24 h, and 0.75-1.0
for 4 h) for Gram negative.
wIncubation period (h) at 30°C before taking the readings from the Biolog
microplates.
xOuchterlony double diffusion serology test. + = Precipitin band observed; - =
Not observed.
yValue of confidence given by the Microlog™ software program to GN Biolog
system.
zSamples re-run as a double check.

1 - 13 Erwinia chrysanthemi 0.833-0.979y +
14-20 E. chrysanthemi 0.850-0.936 +
1,7z E. chrysanthemi 0.864, 0.947 +
16z E. chrysanthemi 0.888 +
2 E. chrysanthemi 0.833 -
15 E. chrysanthemi 0.924 -

E. amylovora 0.916 -
Enterobacter agglomerans 0.672 -
Distilled, sterile water -

151 E. chrysanthemi +

Controls:
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precipitin band. The physiological tests also confirmed the
identification of E. chrysanthemi with two selected strains,
which caused potato soft 24 h after inoculation, and the
catalase, fermentation of glucose, indole production,
phosphatase production, gas from glucose, and growth on
medium at 5% NaCl after three days were positive. Oxidase,
and the acid production from D-lactose, trehalose, α-methyl-
d-glucoside, and palatinose were negative (Table 4).
Seed. Bacterial growth was detected in eight of the nine seed
samples examined from the first sampling at El Cinco Ranch
(Table 1). Positive detection of pathogenic bacteria ranged
from 0.25% in the white bulb var. Rio Unico to 8.5% in the
yellow bulb var. Ringer Grano; both vars. from Rio Colorado
Seeds LTD Co. Contessa seed samples produced by Sunblest
Co., did not present contamination with pathogenic bacteria;
other samples from the same company: Three vars. of yellow
and red bulbs were contaminated with pathogenic bacteria
ranging from 0.75 to 4.25%. A 7.25% of pathogenic bacteria
was detected on seed of yellow bulb var. Texas Grano
produced by Asgrow Co. All these pathogenic bacteria were
not identified. In the second seed sampling at El Cinco and
Nuevo Ranches, bacteria were detected in all the samples
analyzed ranging from 0.75 to 5.75% (Table 2); pathogenic
bacteria were present in six samples: from Asgrow Co., white
bulb var. Early Supreme (0.25%), yellow bulb var. Texas
Grano (1.25%);  from Sun Seeds Co., yellow bulb var. Henry’s
Special (4.0%); from Agri Systems, yellow bulb var. Ringer
Grano (2.50%); from Sunblest Co., yellow bulb var. Ringer
Grano (2.00%) and white bulb var. Early Spreme (0.50%).
The only seed samples without pathogenic bacteria were white
bulb var. Contessa from Sunblest Co., and red bulb var. Red
Granex from Sun Seeds Co. Seed germination was 81 to 97%
among the eight samples analyzed. Of the 23 pathogenic
bacterial strains identified from seed, 12 were GP,

corresponding to Bacillus and Klebsiella species, and 11 GN
were Burkholderia, Enterobacter, Erwinia, and Pseudomonas
species (Table 5). From these GN strains, four Erwinias were
identified as Erwinia chrysanthemi; two strains were detected
each one on seed of yellow bulb var. Ringer Grano, and on
white bulb var. Early Supreme produced by Sunblest Co. The
other two strains were detected on seed of yellow bulb var.
Texas Grano from Asgrow Co. Other pathogenic species
identified on onion seed of vars. Early Supreme, Henry’s
Special, and Texas Grano were: five strains of Enterobacter
agglomerans, and two single strains of P. dispersa and B.
cepacia, respectively. Three of these 11 strains were read at
4 h with SIM value of 0.808 to 0.921, while the other eight
were read at 24 h with values of 0.534 to 0.894. GP pathogenic
strains were isolated mainly from seed of yellow bulb var.
Henry’s Special produced by Sun Seeds Co. Only one strain
was found in yellow bulb var. Texas Grano produced by
Asgrow.  The identified species were four strains of Bacillus
licheniformis (Weigmann) Chester, six of B. megaterium (de
Bary), one of B. subtilis var. globigii, and one of Klebsiella
pneumoniae (Schroeter) Trevisan. The last one read at 4 h
with SIM value of 0.867. The other strains were read at 24 h
and their values were 0.650 to 0.906.
Soil. In four (No. 1, 2, 6, and 7) of the seven soil samplings,
the bacterial strains isolated were not pathogenic on onion
bulbs. Pathogenic bacteria were isolated from samples within
rows (No. 3, 4, and 5), but these species did not fit the
description for E. chrysanthemi. From the 11 species
identified, seven were GN: E. agglomerans, Erwinia
carotovora subsp. carotovora, Pseudomonas cichorii
(Swingle) Stapp, and Xanthomonas maltophilia (Huge) J.
Swings, P. Devos, M. Vanden Mooter, and J. Deley, and three
of P. corrugata Roberts and Scarlett; and four were GP: B.
megaterium. Only one fit the description of B. licheniformis
(Table 6). In most cases, these species were isolated from
within rows in a commercial field at Nuevo Ranch, and Villa
Blanca at a 10 cm depth. Most of the strains were read at 24
h with SIM values of 0.521 to 0.935, and only one strain was
read at 4 h with value of 0.843.
Water. Five GN pathogenic bacterial strains were isolated
only in the fourth sampling from three localities. Two strains
of Serratia marcescens (Bizio) were from La Selva, Altamira
County, Tamp., and Ebano, SLP. Two strains of E.
agglomerans, and one of S. odorifera P.A.D. Grimont, F.
Grimont, C. Richard, B.R. Davis, A.G. Steigerwalt, and D.J.
Brenner were isolated from water in  Villa Blanca, Gonzalez
County, Tamp. (Table 7). Their SIM values varied from 0.867
to 0.874 for these strains after 4 h, and from 0.689 to 0.887
after 24 h.

DISCUSSION
Bulbs. E. chrysanthemi obtained from onion bulbs in the
present study was previously detected in the State of Mexico
(Manrique and Fucikovsky-Zak, 1991). In Taiwan, E.
chrysanthemi was also isolated from several onion species

Table 4. Physiological tests conducted with two bacterial
strains causing soft rot of onion (Allium cepa) bulbs.
                                                                       Strains
       Testy                                                                          C-47           C-50

Acid production from carbohydrates:

yAfter incubation for three days at 28°C
z+ = Positive;  - = Negative.

Potato soft rot +z +
Catalase + +
Oxidase - -
Fermentation of glucose + +
Indole production + +
Phosphatase production + +

D-lactose - -
Trehalose - -
α-Methyl-d-glucoside - -
Palatinose - -
Gas from glucose + +
Growth on medium 5% NaCl + +
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such as Allium cepa (onion bulbs), A. fistulosum L. (Welsh
onion), A. tuberosum Rottler ex Spreng (Chinese chive), and
garlic (A. sativum L.) (Tzeng and Hsu, 1981). Identification
by the BMS technique indicated that some strains utilized
their sources of carbon after 4 h, and others required 24 h.
This could indicate metabolic variation among strains of E.
chrysanthemi. This is supported by the findings of biovars
(Cother et al., 1992) and variations in phenotypes (Tzeng
and Hsu, 1981). Two strains of this species were negative in
serology tests, which could be due to the presence of several
serovars as indicated by Dickey et al. (1984), and serogroups
(of which the serogroup I of E. chrysanthemi was detected
on onion) (Uesugi et al., 1991) have been distinguished among
the strain population of this species.

Seed. Some onion seeds were contaminated not only by E.
chrysanthemi, but also by seven additional genera of
pathogenic bacteria.  Of these, Burkholderia cepacia, and E.
agglomerans have been reported attacking foliage and bulbs
of onion plants (Morales et al., 1994); also B. megaterium
was implicated on soft rot of onions bulbs (Obi and
Umezurike, 1981). B. licheniformis was identified in bean
stored seed (Río et al., 1991), and B. subtilis (Ehrenberg)
Cohn is a seedborne pathogen of pepper and soybean
(Agarwal and Sinclair, 1987), and was reported in the
rhizosphere of onion plants by Reddy et al. (1992). Klebsiella
pneumoniae has been reported in water, sediment, and
rhizosphere of aquatic plants (Emiliani et al., 2001), and on
fresh lettuce (Soriano et al., 2001). This last

Yellow bulb varieties

White bulb varieties

Table 5. Physiological and biochemical characterization of pathogenic bacteria obtained from
onion (Allium cepa) seed produced by four commercial seed companies and sampled at the
Nuevo and El Cinco Ranches, Mexico, in September, 1992.
                                                                                                                    GN GP Biolog

Strain                                                 Gram           Onion seed                                SIMw

  No.          OSCu              Variety          Reaction   Bacterium identifiedv                     4x                      24

uOSC = Onion seed company; B = Asgrow; E = Sunblest; F = Sun Seeds.
vEnterobacter and Burkholderia, according to the new bacterial nomenclature adopted by Schaad
et al. (2001).
wBiolog SIM (software program confident value: 0.5-1.0 for 24 h, and 0.75-1.0 for 4 h) for Gram
negative and positive.
xIncubation period (h) at 30°C, before taking the readings from the Biolog microplates.
yValue of confidence given by the Microlog™ software Biolog program.
zSamples re-run as a double check.

3 E Ringer Grano - Erwinia chrysanthemi 0.921y

4-1 F Henry’s Special + Bacillus licheniformis 0.906
4-5-5 F Henry’s Special + B. megaterium 0.692
4-9-1 F Henry’s Special + B. licheniformis 0.836
4-9-4 F Henry’s Special + B. licheniformis 0.836
4-9-2 F Henry’s Special + Klebsiella pneumoniae 0.867
4-13-1 F Henry’s Special + B. megaterium 0.692
4-13-2 F Henry’s Special + B. megaterium 0.663
4-14-a F Henry’s Special - Enterobacter agglomerans 0.689
4-15-3 F Henry’s Special + B. licheniformis 0.836
4-17-c F Henry’s Special - Pseudomonas  dispersa 0.534
4-18-d F Henry’s Special - E. agglomerans 0.689
4-18-b F Henry’s Special + B. megaterium 0.692
4-19-1 F Henry’s Special + B. megaterium 0.692
4-19-3 F Henry’s Special + B. megaterium 0.692
7-3-1z B Texas Grano - E. chrysanthemi 0.771
7-3-2z B Texas Grano - E. chrysanthemi 0.808
7-4z B Texas Grano - Burkholderia cepacia 0.601
7-6z B Texas Grano + Bacillus subtilis 0.650

     var. globigii
1-1 E Early Supreme - E. agglomerans 0.764
1-2 E Early Supreme - E. agglomerans 0.586
1-3 E Early Supreme - E. agglomerans 0.852
2B E Early Supreme - E. chrysanthemi 0.894
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Enterobacteriaceae species is a pathogen of some animals,
and several species of this family were identified in a seed
food mixture for canary birds as a 100% contamination
(Conzo et al., 1998); for Pseudomonas dispersa no reports
were found. Contamination of onion seed by all these bacteria
species could be due to the fact that commercial onion seed
planted in the regions under study, were not certified for
bacteria. This statement is based on the lack of such
information on tags attached to the seed package which refer
only to fungicide treatment against seed and soil-borne fungi.
Water and soil. E. chrysanthemi was not detected in the
substrates possibly due to microbial competition. In other
studies, this species was isolated in water from different rivers,
which were considered the source of inoculum of bacteria in
potato fields (Cother et al., 1992). However, in a different
study, this bacteria was not isolated from irrigation water for
potato fields (Maddox and Harrison, 1988). E. chrysanthemi

was isolated from soil in Taiwan in low percent from fields
of potato rotated with rice (Tzeng et al., 1994). Perhaps its
isolation is related to some factors such as the proportion of
salt concentration and soil pH, which can restrict the survival
of this species (Rodriguez et al., 1991). Among the seven
species of pathogenic bacteria detected in this study, onion is
one host of Pseudomonas cichorii (Hernández-Macías, 2001),
and was also reported from soil (Jones et al., 1990); P.
corrugata a wilt pathogen on a different onion plant family
(Black et al., 1999) and also identified in soil (Pandey et al.,
2001); Erwinia carotovora subsp. carotovora related to onion
bulb rot in storage (Wright, 1993), and X. maltophila isolated
from the geocarposphere on peanut (Chourasia, 1995), and
from which Xanthomonas sp. was reported associated with
soft rot of onion bulbs (Obi and Umezurike, 1981). B.
licheniformis, B. megaterium, and E. agglomerans were also
isolated from soil and seed. In relationship to the three species

Table 6. Physiological and biochemical characterization of pathogenic bacteria from within rows in
onion (Allium cepa) fields from two Counties in San Luis Potosi and Tamaulipas States, Mexico, from
November, 1992 to February, 1993.
                                             Soil                                                                              GN GP Biologic
Strain   Sample      Rep.      depth      Gram                       Soil                                          SIMV

  No.        No.                        (cm)     reaction           Bacteria identifiedu                      4w                       24
3rd sampling. Nuevo Ranch,  November, 1992

4th sampling. Villa Blanca,  December, 1992

5th sampling. Villa Blanca, January, 1993

uEnterobacter, according to the new bacterial nomenclature adopted by Schaad et al. (2001).
vBiolog SIM (software program confident value: 0.5-1.0 for 24 h and 0.75-1.0 for 4 h) for
 Gram negative and positive.
wIncubation period (h) at 30°C before taking the readings from the Biolog microplates.
xSamples re-run as a double check.
yKnown species to check the biolog system standardization.
zValue of confidence given by the Microlog software biolog program.

2 2 1 10 - Pseudomonas cichorii 0.669
2x 2 1 10 - P. cichorii 0.521

- Erwinia amylovora y 0.883
3 2 1 10 - Enterobacter agglomerans 0.843z

6 2 1 10 - Pseudomonas corrugata 0.910
6x 2 1 10 - P. corrugata 0.882

- E. agglomerans y 0.570
6-1 2 1 10 - P. corrugata 0.931
1 5 2 10 + Bacillus megaterium 0.903
2 5 2 10 + B. megaterium 0.903

1 12 4 15 + B. megaterium 0.903
3x 12 4 15 - P. cichorii 0.729

- E. agglomeransy 0.750

7 2 1 10 - Xanthomonas maltophilia 0.935
8 4 2 3 + B. licheniformis 0.885
6 6 2 15 - Erwinia carotovora

subsp. carotovora 0.768
4-Bx 10 4 3 - P. corrugata 0.805

- Erwinia amylovora y 0.850
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isolated from irrigation water, Serratia marcescens is known
as a rhizoplane bacterium (Toyoda et al., 1993), and S.
odorifera has been isolated from fresh lettuce (Soriano et
al., 2001), rhizosphere of aquatic plants (Emiliani et al.,
2001), and apparently not  related to the onion crop. E.
agglomerans was also isolated from seed, soil, and water. In
general, most of these species had relationship with the onion
crop and/or the kind of substrata and environment, where
they were detected in onion fields.

CONCLUSIONS
In Tamaulipas and San Luis Potosi States, Mexico, E.
chrysanthemi caused soft rot of onion bulbs, and was isolated
from commercial onion seed. As far as it is known, this is the
first report of this species on onion seed. This study also
showed that seed, the soil within rows, and irrigation water
were contaminated by 12 bacterial species which were
pathogenic to onion bulbs. It is recommended to have seed
treated to eliminate those bacteria.
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