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ABSTRACT

Bacteria associated with foliar symptoms of onion (Allium cepa L.)
were examined in the southern region of Puerto Rico from January
through April 2004. Different symptoms were observed in onion foliage
of cultivars ‘Mercedes’ and ‘Excalibur’ at Juana Diaz and Santa Isabel,
Puerto Rico. Ellipsoidal sunken lesions with soft rot and disruption of
tissue were the most common symptoms observed in onion foliage in
field conditions. From a total of 39 bacterial strains isolated from diverse
symptoms in onion foliage, 38% were isolated from soft rotting lesions.
Ninety-two percent of the bacteria isolated from onion foliage was Gram
negative. Pantoea spp. with 25%, was the most frequently isolated genus,
followed by Pasteurella spp. and Serratia rubidae with 10% each. Fifty-
six percent of the strains held plant pathogenic potential; these strains
belong to the genera Acidovorax sp., Burkholderia sp., Clavibacter sp.,
Curtobacterium sp., Enterobacter sp., Pantoea spp., Pseudomonas
spp., and Xanthomonas spp. Pathogenicity tests showed that seven
out of eight tested bacterial strains evaluated under field conditions
caused symptoms in onion foliage for both cultivars. Acidovorax avenae
subsp. citrulli, Burkholderia glumae, Pantoea agglomerans, P. dispersa,
Pseudomonas sp., Xanthomonas sp., and Xanthomonas-like sp. were
pathogenic to leaf tissues. Clavibacter michiganensis was not pathogenic
to leaf tissues. Other bacteria identified as associated with onion leaf
tissue were Curtobacterium flaccumfaciens, Cytophaga sp., Enterobacter
cloacae, Flavimonas oryzihabitans, Mannheimia haemolytica, Pantoea
stewartii, Pasteurella anatis, P. bettyae, P. langaaensis, Photobacterium
damselae, Pseudomonas syringae pv. aptata, Rhizobium radiobacter,
Serratia rubidae, Sphingobacterium spiritivorum, Sphingomonas
sanguinis, and an unknown strain. This paper is the first survey of
bacteria associated with onion foliage in Puerto Rico. The role of non-
phytopathogenic bacteria associated with the life cycle of onion under
field conditions remains unknown.
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RESUMEN

Bacterias que ocurren en el follaje de cebolla (Allium cepa L.) en
Puerto Rico

Se examinaron las bacterias asociadas a sintomas foliares de cebolla
(Allium cepa L.) en predios de la regién sur de Puerto Rico durante los
meses de enero a abril de 2004. Se observaron diferentes sintomas en el
follaje de los cultivares ‘Mercedes’ y ‘Excalibur’ en Juana Diaz y Santa
Isabel, Puerto Rico. El sintoma mas comunmente observado en el follaje
de cebolla en condiciones de campo fue una lesion elipsoidal hundida
con pudricion blanda y destruccion del tejido. De un total de 39 cepas
de bacterias aisladas de las lesiones del follaje, 38% fueron aisladas
de lesiones con pudriciones blandas. Noventa y dos por ciento de las
bacterias aisladas fueron Gram negativas. Pantoea spp., con un 23%, fue
el género mas frecuente, seguido por Pasteurella spp. y Serratia rubidae
con 10% cada una. Cincuenta y seis por ciento de las cepas identificadas
poseen potencial fitopatoldgico; estas pertenecen a los géneros
Acidovorax sp., Burkholderia sp., Clavibacter sp., Curtobacterium sp.,
Enterobactaer sp., Pantoea spp., Pseudomonas spp. y Xanthomonas
spp. Las pruebas de patogenicidad demostraron que siete de ocho cepas
examinadas en el campo causaron sintomas en el follaje de cebolla en
ambos cultivares. Acidovorax avenaesubsp. citrulli, Burkholderia glumae,
Pantoea agglomerans, P. dispersa, Pseudomonas sp., Xanthomonas
sp. Yy una cepa parecida a Xanthomonas sp. fueron patogénicas al
tejido foliar. Clavibacter michiganensis no mostré patogenicidad. Otras
bacterias identificadas asociadas al tejido del follaje de cebolla fueron
Curtobacterium flaccumfaciens, Cylophaga sp., Enterobacter cloacae,
Flavimonas oryzihabitans, Mannheimia haemolytica, Pantoea stewartii,
Pasteurella anatis, P. bettyae, P. langaaensis, Photobacterium damselae,
Pseudomonas syringae pv. aptata, Rhizobium radiobacter, Serratia
rubidae, Sphingobacterium spiritivorum, Sphingomonas sanguinis, y
una cepa desconocida. Este es el primer catastro sobre la diversidad
bacteriana asociada al follaje de cebolla en Puerto Rico. Se desconoce
el rol de las bacterias no fitopatégenas asociadas al ciclo de vida de la
cebolla bajo condiciones de campo.

Palabras clave: bacteria, cebolla, Allium cepa, Acidovorax, Burkholderia,
Clavibacter, Pantoea, Pseudomonas, Xanthomonas

INTRODUCTION

Worldwide, onions are a very important commodity. Total annual
bulb production in 2009 was estimated at 73 million metric tons
(FAOSTAT, 2010). In Puerto Rico, the estimated value of the onion
crop for fiscal year 2009-2010 was $3.8 million, showing an increase
of $2.1 million in production from previous fiscal year (Department
of Agriculture of Puerto Rico, 2010). Diseases constrain onion pro-
duction by affecting plant development and bulb quality. In general,
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bulbs stimulate bacterial and fungal development, some of which
can invade the root cortex and act as pathogens or saprophytes
(Schwartz and Mohan, 1995). Few bacterial pathogens have been
reported causing foliar diseases in onion (Allium cepa L.). Symp-
toms such as leaf blight caused by Xanthomonas axonopodis path-
ovar alli (syn. X. campestris); premature leaf dieback caused by En-
terobacter cloacae; leaf streak caused by Pseudomonas viridiflava;
leaf necrosis caused by three different species, Pantoea agglomerans
[syn. Erwinia herbicola (Ewing and Fife)], Pseudomonas marginalis
(Brown) and Pseudomonas syringae pv. syringae (van Hall); center
rot of onion caused by Pantoea ananatis (Serrano) Mergaret; and
water soaked lesions caused by Erwinia rhapontici (Millar) Burk-
holder and Pseudomonas marginalis pv. marginalis (Brown) Ste-
vens have been described elsewhere (Gent et al., 2005; Gitaitis et
al., 2003; Schroeder et al., 2009; Schwartz and Mohan, 1995; Ser-
fontein, 2001).

In subtropical and tropical areas, Xanthomonas axonopodis path-
ovar alli (syn. Xanthomonas campestris) is an important disease
causing onion leaf blight (Schwartz and Gent, 2005; O’Garro and
Paulraj, 1997). The disease has been reported in Barbados, Brazil,
Cuba and Hawaii (Alvarez et al., 1978; O’Garro and Paulraj, 1997;
Neto et al., 1987). Because of the increase of onion production in
the Caribbean, bacterial blight might represent a threat to Puerto
Rico’s onion production. Another important foliar necrotic pathogen
is P. viridiflava, which also affects bulbs in the field and during post
harvest (Schwartz and Mohan, 1995). Pantoea agglomerans (= Er-
winia herbicola) has been reported in South Africa as causing rapid
necrosis of seed stalk leading to the weakening and collapse of the
heads (Schwartz and Mohan, 1995). In New Zealand, P. marginalis
caused leaf necrosis and rot of the entire plant. This disease initially
caused small water-soaked lesions that turned brown, rotting the
entire plant. In Japan, E. rhapontici and P. marginalis pv. margi-
nalis cause small water-soaked lesions that enlarge along the veins
to leaf sheaths (Snowdon, 2002). Evidence shows that P. ananatis
causes center rot and white streaks with water-soaked margins on
onion leaves; it is transmitted by the thrips, Frankliniella fusca (Gi-
taitis et al., 2003).

In Puerto Rico, there have been no thorough studies of bacteria
occurring in onion foliage. Our objective was to study bacterial di-
versity associated with onion foliage symptoms, emphasizing phy-
topatogenic species. This information will provide better knowledge
of diversity and agricultural importance for further established con-
trol practices that might reduce disease losses in the field.
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MATERIALS AND METHODS

Description of commercial onion fields: Commercial on-
ion fields were located at road PR-1, Bo. Jauca Sector Destino in
Santa Isabel, in the southern region of Puerto Rico. Onion plot size
ranged from 2.9 to 3.7 hectares. Four plots were randomly sampled,
two plots of each cultivar: ‘Excalibur’ (Sunseeds®) or ‘Mercedes’
(Seminis®)®. Onion seeds (3.5 kg/ha) were mechanically planted
at approximately 12.5-mm depth on raised beds of 15 cm to 20 ¢cm
above soil level. Four onion rows of approximately 5-cm width were
planted per bed. Onion plants were separated from each other by
7.6 cm. Herbicides such as oxyfluorfen (0.14 kg ai/ha) and fluazitop-
P-butyl (12 to 18 mL in 93 m?) were applied when plants reached a
trifoliate stage. Insecticides such as avermectin (237 mL/379 L) and
cypermethrin (14 mL/100 L) were applied to control thrips or white-
flies, respectively. Iprodione was applied to control fungal pathogens
(0.85 kg/hectare).

Isolation of foliar bacteria: A survey was conducted during
onion growing season from January through April 2004 on commer-
cial onion fields. The survey consisted of eight samplings at 15-day
intervals. Onion leaves showing bacterial symptoms were collected
at random from onion cultivars ‘Mercedes’ and ‘Excalibur’. Symp-
toms included ellipsoidal sunken lesions with soft rot and disrupted
tissue; round soft rot lesions; small white pustules; wide chlorotic
lesions; dry wide white lesions; sunken chlorotic lesions causing
strangling of the leaf; and chlorotic spots (Figure 1). Sections of
leaf tissue (4 mm) showing symptoms were surface disinfested with
70% ethyl alcohol and 0.05% sodium hypochlorite, then rinsed four
times with de-ionized sterile distilled water (1 min each). Leaf sec-
tions from margins of lesions were macerated in de-ionized sterile
distilled water and streaked onto Tryptic Soy Agar (TSA, DIFCO).
Plates were incubated at 26° C and examined after 24 h. Bacterial
colonies were randomly selected, purified, and transferred to a TSA
slant. Pure cultures were kept at 4° C.

Bacterial characterization: Colony morphology and Gram
stain were examined for each bacterial strain. Endospore staining
with malachite green (5%) and safranin (0.5%) for Gram positive
bacteria were performed (Schaad et al., 2001). Additional tests were

5Company or trade names in this publication are used only to provide specific infor-
mation. Mention of a company or trade name does not constitute a warranty of equip-
ment or materials by the Agricultural Experiment Station of the University of Puerto
Rico, nor is this mention a statement of preference over other equipment or materials.
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Ficure 1. Symptoms observed in the field on onion foliage: A. Ellipsoidal sunken
lesions with soft rot with disrupted tissue; B. Round soft rot lesions; C. Small white pus-
tules; D. Wide chlorotic lesions; E. Dry wide white lesions; F. Sunken chlorotic lesions
causing strangling of the leaf; G. Chlorotic spots; and H. Healthy onion leaves.

performed to determine the proper setup Biolog protocol for GN-
ENT (enteric) and GN-NENT (non-enteric) Gram negative strains
and hydrogen sulfide production. Two reaction colors were exam-
ined: yellow color or acidic reaction developed in the slant and bot-
tom of the test tube, indicating the fermentation of dextrose, lactose
and/or sucrose; and red color or alkaline reaction in the slant and
bottom, indicating that the bacteria does not ferment sugars. Hy-
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drogen sulfide production results in a black precipitate in the bot-
tom of the tube. Gas production is indicated by splitting and crack-
ing of the medium.

BIOLOG®: Gram negative colonies were cultured in TSA for 24 h
at 26° C. Bacterial growth was transferred with a cotton swab pre-
viously dipped into 20 ml of GN/GP inoculating fluid tubes (BIO-
LOG® BL-72101) supplemented with three drops of sodium thio-
glycolate (7.66%) (BIOLOG® BL-73011). Bacterial cell suspension
readings were done with a spectrophotometer (Spectronic-21 Milton
Roy-Company, USA) at 590 nm to establish turbidity range of 61%
or 52% transmittance for enteric and non enteric bacteria, respec-
tively. One hundred fifty microliters of bacterial suspension was pip-
petted to each well of GN2 microplates and incubated at 30° C. Mi-
croplates readings were peformed at 4 to 6 h and at 18 to 24 h after
incubation by using a BIOLOG® MicroStation System (4.1 version).
Results were compared using a BIOLOG® data base for bacterial
strain identification (Bochner, 1989).

Gram positive endospore forming bacteria were grown in BIO-
LOG® Universal Growth Media (BUGM) with maltose solution
(0.25%), and swabbed with sodium thioglycolate solution (eight
drops of sodium thioglycolate into 3 mL distilled sterile water). A
thin film of the sodium thioglycolate solution was spread across the
surface of agar media (BUGM) until dried. After 24 h of incubation
at 30° C bacterial colonies were transferred to fresh inoculating flu-
id tubes supplemented with three drops of sodium thioglycolate, as
recommended for the GP microplate standard method (BIOLOG®,
Inc), and transmittance was adjusted to 28%. Afterward, each well
of the GP2 microplate was inoculated with 150 pul of bacterial sus-
pension. Microplates were incubated at 30° C, and readings were
made as previously described. Gram positive strains that did not
form endospores were incubated in BUGM at 30° C for 24 h, trans-
mittance being adjusted to 20%.

Pathogenicity tests under field conditions: Pathogenicity
tests were conducted at the University of Puerto Rico, Agricultural
Experiment Station, Juana Diaz. The experimental design covered
four blocks each of approximately 0.04 hectares. Each experimental
block contained four plots of 30 m2. Over all, sixteen 30 m? plots
were planted with a manual seeder with onion cultivars ‘Excalibur’
(Sunseeds®) or ‘Mercedes’ (Seminis®). Seeds were planted approxi-
mately 1 cm deep on beds raised 15 cm above soil level. Each plot
measured 7 m long by 1 m wide and contained four onion rows. Each
onion row was separated from the other by 18 cm. Plants were sepa-
rated from each other by 5 cm. Prior to seed planting, herbicides
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such as fluazitop-p-butyl and oxyflourfen were applied. Insecticides
such as avermectin and cypermethrin were applied after the second
and sixth week of planting to control thrips or whiteflies, respec-
tively. Iprodione was applied to control fungal pathogens.

Fifty-two-day-old onion plants were used for pathogenicity tests.
Before inoculation, leaves were superficially disinfested with 70%
ethyl alcohol, and rinsed with sterile de-ionized distilled water; four
sterile pins were used to puncture the surface. Using a cotton swab,
leaves were inoculated with 10° cfu/ml of a bacterial suspension
prepared in phosphate buffer (pH 7.2) (Gent et al., 2005). Bacte-
ria were obtained from a 24 h-old colony grown in TSA incubated
at 26° C. Identified bacterial strains of Acidovorax avenae subsp.
citrulli, Burkholderia glumae, Clavibacter michiganensis, Pantoea
agglomerans, P. dispersa, Pseudomonas sp., Xanthomonas sp. and a
Xanthomonas-like strain were inoculated onto healthy onion leaves.
Four plants from each onion cultivar (‘Excalibur’ or ‘Mercedes’) were
inoculated per each bacterial strain; trials were replicated. Control
plants were treated with phosphate buffer only. In the field, after
72 h of inoculation, evolution of symptoms was examined daily for
a week. Leaves were removed from plants and bacteria were re-
isolated to complete Koch postulates, by using methods previously
described.

Temperature, precipitation and relative humidity data were col-
lected at a meteorological station located at UPR-Agricultural Ex-
periment Station, Juana Diaz, Puerto Rico. Precipitation and tem-
perature data were taken with Land Surface (N18° 01’ 58.2”/W 66°
31’ 53.2") and Weskler (N 18 01.584’ W 066 31. 531°) instruments,
respectively, of the National Climatic Data Center, United States
Weather Bureau.

RESULTS

Bacteria isolated from onion foliage

Our study exposed the presence of a diverse bacterial population in
onion foliar tissues of field plots located in the southern region of Puer-
to Rico. Thirty-nine bacterial strains belonging to 17 different genera
were isolated from previously described symptoms observed in the field
(Figure 1; Table 1). Table 1 presents details of bacterial strain identi-
fication, field location, onion cultivar, lesion type from which bacterial
species was isolated and a possible source of origin based on literature.

Ninety-two percent of the bacterial strains isolated from onion foli-
age were Gram negative bacilli, predominantly of the Enterobacteria-
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ceae family. These were Enterobacter cloacae, Pantoea agglomerans,
P, dispersa, P. sterwartii, and Serratia rubidae (Table 1). Pantoea spp.
was the most frequent genus isolated from onion foliage, with 25%,
followed by Pasteurella spp. and Serratia with 10% each (Figure 2).
Eight percent of the bacterial strains were Gram positive coryneform
bacteria that included two phytopathogenic species Curtobacterium
flaccumfaciens and Clavibacter michiganensis. None of these form
endospores. Fifty-six percent of the strains hold plant pathogenic
potential belonging to the genera Acidovorax sp., Burkholderia sp.,
Clavibacter sp., Curtobacterium sp., Enterobacter sp., Pantoea spp.,
Pseudomonas spp., and Xanthomonas spp. Other bacterial species
identified associated with onion leaf tissue were Cytophaga sp., Fla-
vimonas oryzihabitans, Mannheimia haemolytica, Pasteurella anatis,
P. bettyae, P. langaaensis, Photobacterium damselae, Pseudomonas
syringae pathovar aptata, Rhizobium radiobacter, Serratia rubidae,
Sphingobacterium spiritivorum, Sphingomonas sanguinis, and an
unknown strain.

Relation of bacterial species with foliar symptoms observed in
the field

Ellipsoidal sunken lesions with soft rot and disrupted tissue were
the most common symptom observed in onion foliage in the field (Fig-
ure 1A). This was the only symptom observed at experimental plots
as opposed to commercial plots, which showed a wide variety of symp-
toms such as round soft rot lesions, small white pustules, wide chlo-
rotic lesions, dry wide white lesions, sunken chlorotic lesions causing
strangling of the leaf and chlorotic spots (Figure 1). Sixteen different
bacterial strains were isolated from commercial plots whereas nine
were from experimental plots located at Santa Isabel and Juana Diaz,
Puerto Rico, respectively. Pantoea dispersa was the only species that
occurred at both locations (Table 1). Six bacterial species were isolat-
ed from both onion cultivars evaluated (‘Mercedes’ and ‘Excalibur’).
These were Curtobacterium flaccumfaciens, Pantoea agglomerans, P.
dispersa, Pasteurella langaaensis, Serratia rubidae and Sphingomo-
nas sanguinis. Five and twelve bacterial strains were isolated only
from onion ‘Excalibur’ or ‘Mercedes’, respectively (Table 1). All Gram
positive bacteria were isolated from commercial plots (Table 1).

Thirty-eight percent of bacterial strains were isolated from soft
rot lesions, 28% from small white pustules, and 15% from wide chlo-
rotic lesions (Figures 1 A, B, C and D). Nine bacterial species were
isolated from ellipsoidal sunken lesions with soft rot and disrupted
tissue (Figure 1A). These were Acidovorax avenae subsp. citrulli, B.
glumae, E. cloacae, F. oryzihabitans, P. dispersa, P. damselae, P. sy-



TaBLE 1. Bacterial strains isolated from onion (Allium cepa L.) foliar lesions in commercial and experimental field plots located at Juana Diaz

and Santa Isabel, Puerto Rico.

Gram
Bacterial Identification' Loecation? CV? Lesion type Stain Possible Source* References
Acidovorax avenae subsp. citrulli (1) JD M Ellipsoidal sunken =) Plant pathogen:  Isakeit et al,
lesion with soft rot cucurbit fruit rot, 1997; Somodi
and disruption of especially in honey-  etal, 1991
tissue dew and fruit blotch
in watermelons.
Burkholderia glumae (1) JD M Ellipsoidal sunken =) Plant pathogen of Cottyn etal,
lesion with soft rot grains (rice seeds) 2001; Jeong et
and disruption of al., 2003
tissue
Clavibacter michiganensis (1) SI M Small white pustules +) Plant pathogen of Davisetal,
tomato 1984
Curtobacterium flaccumfaciens (2) SI B Dry wide white +) Plant pathogen of Schaad etal,
lesions and wide Phaseolus vulgaris,  2001; http://
chlorotic lesions P coccineus, P. lu- www.eppo.org
natus, Vigna angu-
laris, V. radiata and
V. mungo; soybeans,
peas, cowpeas and
Lablab purpureus.
Cytophaga sp. (1) SI M Wide chlorotic lesions ) Various sources: Bernardet et al.,

goil, pine litter
soils, fish, etc.

1996

'The survey consisted of eight sampling trials with 15-day interval between them. Bacteria were identified by using BIOLOG®. Number of

bacterial strains in parentheses.

*Location of commercial (SI = Santa Isabel) and experimental (JD = Juana Diaz) onion fields in Puerto Rico.

*Onion cultivars sampled: E = ‘Excalibur’ and M= ‘Mercedes’; B = occurs in both cultivars.

“Pogsible source of origin based on literature.
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TaBLE 1. (CoNTINUED) Bacterial strains isolated from onion (Allium cepa L.) foliar lesions in commercial and experimental field plots located

at Juana Diaz and Santa Isabel, Puerto Rico.

Gram
Bacterial Identification' Location? CV? Lesion type Stain Possible Source* References
Enterobacter cloacae (2) JD E Ellipsoidal sunken 3 Plant pathogen Zaid et al.,
lesion with soft rot causing bulb decay  2011; Schroed-
and disruption of and premature er et al., 2009;
tissue leaf dieback of on- Nishijima et
ion, bacteriosis in al., 1987 and
payaya fruits and 2004
ginger roots.
Flavimonas oryzihabitans (1) JD M Ellipsoidal sunken (= Rice seeds Kim et al.,
lesion with soft rot 1998
and disruption of
tissue
Mannheimia haemolytica (1) S M Small white pustules - Goats, sheeps and Zecchinon et
cattle pathogen al., 2005
Pantoea agglomerans (4) SI B Small white pustules, ) Seed-borne in on- Alameda and

dry wide white lesions
and wide chlorotic le-
sions

ions; onion patho-
gen

Rivera-Vargas,
2010; Schwartz
and Mohan,
1995

!The survey consisted of eight sampling trials with 15-day interval between them. Bacteria were identified by using BIOLOG®. Number of bacterial strains

in parentheses.

2Location of commercial (SI = Santa Isabel) and experimental (JD = Juana Diaz) onion fields in Puerto Rico.

*Onion cultivars sampled: E = ‘Excalibur’ and M= ‘Mercedes’; B = occurs in both cultivars.
“Possible source of origin based on literature.
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TaBLE 1. (CoNTINUED) Bacterial strains isolated from onion (Allium cepa L.) foliar lesions in commercial and experimental field plots located
at Juana Diaz and Santa Isabel, Puerto Rico.

Gram
Bacterial Identification * Location? CV? Lesion type Stain Possible Source* References
Pantoea dispersa (5) SI/JD B Ellipsoidal sunken (=) Seed-borne in Alameda and
lesion with soft rot onions; onion Rivera-Vargas,
and disruption of pathogen 2010; Hattingh
tissue; round soft rot and Walters,
lesions; and round 1981; Morales
chlorotic spots et al.,, 1994
Pantoea stewartii (1) SI E Sunken chlorotic le- =) Corn pathogen Block et al,
gion causing stran- 1998; Schaad et
gled leaf al., 2001
Pasteurella anatis (1) SI M Wide chlorotic lesions =) Avian pathogen Christensen et
al., 2003.
Pasteurella bettyae (1) SI M Small white pustules (=) Human Gautier et al.,
2005
Pasteurella langaaensis (2) SI B Small white pustules =) Birds Kehrenberg et
al., 2001
Photobacterium damselae (1) JD E Ellipsoidal sunken le- -) Fish Osorio et al.,
sion with soft rot and 1999
disruption of tissue
Pseudomonas sp. (1) SI E Small white pustules =) Plant pathogen Schaad et al.,
2001
Pseudomonas syringae pv. aptata (1) JD M Ellipsoidal sunken le- =) Sugar beet Schaad et al.,
sion with soft rot and 2001.

disruption of tissue

IThe survey consisted of eight sampling trials with 15-day interval between them. Bacteria were identified by using BIOLOG®. Number of bacterial strains

in parentheses.

2Location of commercial (8] = Santa Isabel) and experimental (JD = Juana Diaz) onion fields in Puerto Rico.

3Onion cultivars sampled: E = ‘Excalibur’ and M= ‘Mercedes’; B = oceurs in both cultivars.

“Possible source of origin based on literature.
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TaBLE 1. (CoNTINUED) Bacterial strains isolated from onion (Allium cepa L.) foliar lesions in commercial and experimental field plots located
at Juana Diaz and Santa Isabel, Puerto Rico.

Gram
Bacterial Identification * Location? CV?3 Lesion type Stain Possible Source* References
Rhizobium radiobacter (1) JD M Ellipsoidal sunken le- =) Pathogenic and Young et al.,
sion with soft rot and non-pathogenic 2001
disruption of tissue strains
Serratia rubidae (4) SI B Small white pustules; =) Bovine pathogen Todhunter et
dry wide white lesions al., 1991
Sphingobacterium spiritivorum (1) SI M Small white pustules; =) Weeds, human Sturz et al.,
dry wide white lesions pathogen 2001; Mari-
nella, 2002
Sphingomonas sanguinis (2) SI B Small white pus- =) Plants surface Kim et al.,
tules; sunken chlo- 1998
rotic lesion causing
strangled leaf
Xanthomonas sp. (2) JD E Ellipsoidal sunken =) Plant pathogen, Schwartz and
lesion with soft rot coffee endophyte Mohan, 1995;
and disruption of O'Garro and
tissue Paulraj, 1997;
Schaad et al,,
2001
Xanthomonas — like (1) SI E Wide chlorotic lesions =) Plant pathogen Schwartz and
Mohan, 1995;
O’Garro and
Paulraj, 1997
Unknown (1) SI M Round soft rot lesions =) — —

!The survey consisted of eight sampling trials with 15-day interval between them. Bacteria were identified by using BIOLOG®. Number of bacterial strains
in parentheses.

2Location of commercial (SI = Santa Isabel) and experimental (JD = Juana Diaz) onion fields in Puerto Rico.

*Onion cultivars sampled: E = ‘Excalibur’ and M= ‘Mercedes’; B = occurs in both cultivars.

“Possible source of origin based on literature.
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Ficure 2. Frequency (%) of bacterial genera isolated from onion foliage.

ringae pathovar aptata, R. rhadiobacter and Xanthomonas sp. In ad-
dition, P. dispersa was isolated from round soft rot lesions, as well
as an unknown bacteria species (Figure 1B). A diverse bacterial flora
was isolated from small white pustules: Clavibacter michiganensis, M.
haemolytica, P. agglomerans, P. bettyae, P. langaaensis, Pseudomonas
spp., S. rubidae, and S. sanguinis (Figure 1C). These symptoms were
further associated with Leveillula taurica, a powdery mildew of onion
in the field (Feliciano and Rivera, 2006). Curtobacterium flaccumfa-
ciens, Cytophaga sp., P. agglomerans, P. annatis, and a Xanthomonas-
like strain were isolated from wide chlorotic lesions (Figure 1D). Four
bacterial species, C. flaccumfaciens, P. agglomerans, S. rubidae and S.
spiritivorum, were isolated from dry wide white lesions (Figure 1E).
These symptoms have been associated with herbicide toxicity in Can-
ada (Chaput, 1995). Pantoea sterwartii and S. sanguinis were the only
species isolated from sunken chlorotic lesions causing strangling of the
leaf (Figure 1F). Panioea dispersa was the only strain obtained from
chlorotic spots (Figure 1G).

Pathogenicity tests conducted under field conditions

Acidovorax avenae subsp. citrulli, B. glumae, P. agglomerans, P. dis-
persa, Pseudomonas sp., Xanthomonas sp., and a Xanthomonas-like
strain were found pathogenic to onion tissues of both cultivars under
field conditions as compared to controls (Table 2 and Figure 3). Pre-



212 CALLE-BELLIDO ET AL./BACTERIA IN ONION

liminary reports of these findings have been published elsewhere (Cal-
le-Bellido et al., 2006; Alameda and Rivera, 2010). Acidovorax avenae
subsp. citrulli caused ellipsoidal sunken lesions with soft rot around
the inoculation point in both cultivars; disruption of the tissues was
observed seven days after inoculation (Table 2; Figure 3). Burkholderia
glumae caused wide soft rot with sunken lesions and disruption of tis-
sues around inoculation points. Symptoms were more severe in ‘Mer-
cedes’ seven days after inoculation (Table 2; Figure 2). Pseudomonas
sp. caused elongated lesions; a soft rot was more severe in ‘Mercedes’,
disruption of tissues was observed seven days after inoculation (Ta-
ble 2; Figure 2). Two strains of P. agglomerans were evaluated in this
study; both caused small white spots with sunken tissue around inocu-
lation points. Pantoea dispersa caused minute lesions with soft rot and
disruption of tissues. Symptoms were more severe in ‘Mercedes’ than
in ‘Excalibur’ (Table 2; Figure 2). Xanthomonas sp. produced wide el-
lipsoidal white sunken lesions. Coalescence of lesions and disruption
of tissues were observed seven days after inoculation in both culti-
vars evaluated (Figure 2). The Xanthomonas-like strain caused slight
soft rot around inoculation points in both cultivars evaluated (Table
2). Clavibacter michiganensis was not pathogenic; no lesions were ob-
served in leaf tissue. Symptom development was not observed in the
controls. Koch’s postulates were fulfilled by re-isolation of the different
bacterial strains inoculated. Burkholderia glumae was not re-isolated

TABLE 2. Symptoms observed in onion foliage of ‘Excalibur’ and ‘Mercedes’ during patho-
genicity tests conducted under field conditions at the Agricultural Experiment
Station, Juana Diaz, Puerto Rico.

Bacterial Strains Symptoms observed in onion foliage

Acidovorax avenae subsp. citrulli Ellipsoidal sunken lesion with soft rot.
Disruption of the tissues in both cultivars.

Burkholderia glumae Wide soft rot with sunken lesions around in-
oculation points in both cultivars.

Clavibacter michiganensis No symptoms were developed.

Pantoea agglomerans Small white spots with sunken tissue around

inoculation points in both cultivars.

Pantoea dispersa Soft rot. Abundant minute lesions in ‘Mer-
cedes’ compared to those in ‘Excalibur’

Pseudomonas sp. Ellipsoidal soft rot lesion and disruption of the
tissues in both cultivars.

Xanthomonas sp. Ellipsoidal white sunken lesions and soft rot in
both cultivars. Disruption of the tissues.

Xanthomonas-like Slight soft rot around inoculation point and
wide chlorotic lesions in both cultivars. Dis-
ruption of the tissues.
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‘Excalibur’ ‘Mercedes’

Control

—— e,
Acidovorax avenae ss. citrulli

Pantoea dispersa

Ficure 3. Symptoms observed during pathogenicity tests conducted with bacte-
rial strains in onion foliage of ‘Mercedes’ and ‘Excalibur’in plots located at Juana Diaz,
Puerto Rico. Control and plants inoculated with Clavibacter michiganensis did not show
symptoms.
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from infected tissues, thus requiring further investigation. Identity of
re-isolated bacteria was corroborated using BIOLOG®.

DISCUSSION

Enterobacteriaceae was predominant on onion foliage (up to 41%),
which agrees with findings in other crops (Cottyn et al., 2001). Pan-
toea agglomerans (synom. E. herbicola) has been reported to be caus-
ing stalk and leaf necrosis in onions in South Africa (Hattingh and
Walters, 1981). Two strains of Pantoea agglomerans were evaluated in
this study; both caused small white spots with sunken tissue around
inoculation points. Studies of bacteria associated with onion seeds in
Puerto Rico have shown that P. agglomerans was the most common
bacteria isolated from seed tissues of ‘Mercedes’. Pantoea dispersa was
also found in seeds but less frequently (Alameda and Rivera-Vargas,
2010). In our studies, P. dispersa was found in both commercial and
experimental plots causing minute lesions on both cultivars during
pathogenicity tests. It was reported from onion seeds in Cuba (Mo-
rales et al., 1994). Pantoea dispersa and P. agglomerans on onion foli-
age might be related to its potential to develop an epiphytic population.
Even though superficial disinfection of leaf tissues was performed, bac-
teria invading natural openings, such as the stomatal pore, most prob-
ably were not totally removed from tissues (Sabaratnam and Beathie,
2003; Rosenblueth and Martinez-Romero, 2006). Another member of
the family Enterobacteriaceae, E. cloacae, has been reported as an on-
ion pathogen causing premature leaf dieback and bulb soft rot (Zaid et
al., 2011). In Puerto Rico, this species has frequently (19%) been found
in seeds of ‘Excalibur’, but its pathogenic potential was not evaluated
during our studies (Alameda and Rivera-Vargas, 2010).

In the field, onion might build populations of A. avenae subsp.
citrulli. This species was detected in experimental plots at Juana Diaz
and has not been reported in Puerto Rico to be associated with onions.
In our experiments, this species has caused ellipsoidal sunken lesions
with soft rot around the inoculation point, with disruption of onion leaf
tissue. It is important to mention that our experimental onion plots
were located close to cucurbit plots. Acidovorax avenae subsp. citrulli,
causes cucurbit fruit rot, especially in honeydew, and fruit blotch in
watermelons (Isakeit et al., 1997; Somodi et al., 1991).

Gram positive bacteria such as C. michiganensis and C. flaccum-
faciens were associated with onion commercial plots located in Santa
Isabel. Both species cause important diseases in other crops, such as
beans, tomatoes and corn (Schaad et al., 2001). These crops are exten-
sively cultivated in the surroundings of the commercial plots studied,
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which might explain their presence on onion foliage. As expected, dur-
ing pathogenicity tests Clavibacter michiganensis was not pathogenic
to onion leaf tissues.

Pseudomonas spp. and Xanthomonas spp. are important pathogens
of a wide range of plants of economic importance and have been pre-
viously reported in Puerto Rico (Cortés-Monllor, 1992 and 1993; Za-
pata, 1995; Schaad et al., 2001). However, none of these have been
reported in onions, with the exception of Burkholderia cepacia (syn.
Pseudomonas cepacia) causing sour skin of onions (Campo and Zapata,
1996). Among the pseudomonads, Pseudomonas viridiflava has been
reported in Georgia causing oval water-soaked lesions with the sub-
sequent development of a black stripe in onions (Gitaitis et al., 1997).
Stripe symptoms were not observed in the field during our studies.
Xanthomonas axonopodis pv. alli is an important pathogen of onion
causing bacterial blight in Hawaii and Colorado (Alvarez et al., 1978;
Gent et al., 2005). In the literature, symptoms are described as small
water-soaked spots that enlarge into chlorotic lesions; collapse of the
leaf occurrs at the point of initial infection. Infected onion seeds have
elsewhere been pointed out as the mechanism of dissemination and
origin of the disease (Robéne-Soustrade et al., 2010). In our studies
Xanthomonas sp. was found associated with onion foliage causing soft
rot, but was not isolated from onion seeds in studies conducted in Puer-
to Rico (Alameda and Rivera-Vargas, 2010). During the pathogenicity
tests Xanthomonas sp. produced ellipsoidal white sunken lesions and
soft rots. Also a Xanthomonas-like strain was found associated with
wide chlorotic lesions, causing slight soft rot in both cultivars. Further
studies are needed to characterize pathogenic pseudomonads and xan-
thomonads present on onion foliage in the island.

Some bacteria can be latent pathogens, and infections may develop
under certain environmental conditions. Precipitation and relative hu-
midity (RH) are important variables that should be taken into consid-
eration in bacterial epiphytotics because both variables increase water
moisture on foliage tissues conducive to bacteria multiplication and
dissemination in the field. During this investigation, temperature was
stable, ranging from 24 to 26° C with a mean of 24.87° C. Precipitation
was low, only two rainy days with 4 and 8 mm/m? of rain (1.5 mm/m?
average); RH ranged from 68.4 to 88.4% with an average of 78%. High
RH (> 95%) promotes bacterial entry into the leaf and its multiplica-
tion in tissues (Sabaratnam and Beattie, 2003). Heavy rains have been
associated with increase of P. syringae pv. syringae and P. agglomerans
populations on bean leaves (Sabaratnam and Beattie, 2003).

Besides the bacteria role as plant pathogens, bacteria population
in plant tissues has been associated with other roles, such as promo-
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tion of plant growth, increase in disease resistance, protection against
microbial pathogens and pests (Rosenblueth and Martinez-Romero,
2006). In addition, some bacterial strains such as M. haemolytica, P.
agglomerans, P. anatis, P. bettyae, P. langaaensis, P. damselae and S.
rubidae identified in our study are of clinical or veterinary interest
(Christensen et al, 2003; de Champs et al., 2000; Gautier et al., 2005;
Kehrenberg et al., 2001; Marinella, 2002; Osorio et al., 1999; Todhunt-
er et al., 1991; Zecchinon et al., 2005).

Even though these studies have provided substantial information
on the heterogeneity of bacterial populations in onion foliage, further
studies in different onion production seasons are necessary to validate
our findings. Comprehensive studies that include different approaches
to bacterial identification, such as fatty acid analysis, DNA sequence
analysis, in addition to BIOLOG® and phenotypic characterization,
are recommended to assess the composition of bacterial communities
on onion leaves. This is the first survey of bacterial diversity associ-
ated with onion foliage in Puerto Rico. The role of non-phytopathogenic
bacteria associated with the life cycle of onion under field conditions
remains unknown.
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