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ABSTRACT

Burkholderia cepacia was identified in samples of onion bulbs, rhizosphere,
field soil and storage debris from two different commercial onion production locations
at Dakahlia and Gharbia governorates. Percentage of healthy onion bulbs with
average of 85-89% was reduced gradually by the end of storage period after harvest
to 59-64% in the end of storage period at the two storage locations, respectively. Data
indicated that percentage of onion bulb scales with internal and external bacterial soft
rot was minimum after harvest (0-2%) at early spring and increased gradually during
summer to reach maximum infection (19 -22%) by the end of the summer at the two
storage locations, respectively. Symptoms of bacterial rot include a breakdown of one
or more inner bulb scales, while adjacent outer scales and inner portions of the bulb
may remain intact. Rotten onion scales appear pale yellow, reddish-brown to a darker
brown decay. Frequency of B. cepacia colonies detected in rhizosphere increased in
rhizosphere of onion plants at mature bulbs stage (10 X 4.8 and 10 X 5.1 cfu/g)
compared with rhizosphere of onion immature bulb stage (106 X 1.9 and 10 X 2.6
cfu/ g) in the two locations, respectively. The recovery of the B. cepacia colonies from
onion storage debris was higher than any source of onion infection assayed in this
study (107 X3.4 cfu/ g). Physiological and biochemical tests showed that onion
isolates were gram-negative, rod-shaped with rounded ends, had a few polar flagella
and non spore-forming. All the positive isolates accumulated poly-p-hydroxybutyrate,
not synthesizing arginine dihydrolase, produced oxidase, not fluorescence, grew at a
temperature of +41°C and caused the rot of potato tubers, but did not affect the
tobacco leaves. Number of detected and confirmed as B. cepacia was 69 isolates
from Trypan blue tetracycline (TB-T) medium and 43 isolates from Azelaic acid
tryptamine (PCAT) medium. B. cepacia was recovered more efficiently on TB-T
medium than PCAT medium. Pathogenicity of total 125, 75, 30 and 62 isolates from
onion rhizosphere, field soil, bulb onion scales and storage debris, respectively
showed that percent area of macerated scales tissue after inoculation and incubation
at 30°C for 48h was estimated and a rating of O to 3 scale. The large majority of
isolates tested were highly virulent, with pathogenicity ratings of 2- 3 indicating higher
number of isolates maceration of the onion bulb tissue by 25 (83%) isolates from
onion bulb scales followed by isolates from onion rhizosphere (32%) and 24% of
isolates from onion storage debris.

Keywords: Burkholderia cepacia; Onion; bulb soft rot; Bacteria

INTRODUCTION

Burkholderia cepacia (synonym Pseudomonas cepacia; Yabauuchi et
al. 1992) is a highly versatile bacterium that has adapted to a number of
different environments. It is the causal agent of decay of onions or sour skin
of onion bulb (Burkholder, 1950). B. cepacia emerged as an important
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opportunistic human pathogen in the 1970s and 1980s following isolation
from the respiratory tracts of patients with cystic fibrosis (CF) in patients with
severe chronic lung infections. Therefore, it received intense interest in
medical research. In recent years, a growing number of Burkholderia strains
and species have also been reported as plant-associated bacteria.
Burkholderia spp. can be free-living in the rhizosphere as well as epiphytic
and endophytic, including obligate endosymbionts and phytopathogen
(Coenye & Vandamme, 2003; Janssen, 2006). Several strains are known to
enhance disease resistance in plants, contribute to better water
management, and improve nitrogen fixation and overall host adaptation to
environmental stresses (Coenye & Vandamme, 2003; Nowak & Shulaev,
2003; Compant et al., 2005a; Sessitsch et al., 2005; Ait Barka et al., 2006;
Barrett & Parker, 2006; Janssen, 2006; Balandreau & Mavingui, 2007). These
findings have stimulated a growing interest in using Burkholderia isolates in
agriculture. Due to the fact that some species/isolates can be opportunistic or
obligate pathogens causing human, animal or plant diseases, any
development of agricultural and/or biotechnological applications using
Burkholderia germplasm needs to include a stringent assessment of the
potential risks (Coenye & Vandamme, 2003 and Compant et al., 2008).
Advances in genetic techniques easily differentiated made B. cepacia species
including plant pathogens, human pathogens, biological-control strains, and
strains active in biodegradation. The results from these genetic analyses
revealed that bacteria formerly identified as B. cepacia represent a complex
of genetically related so far phenotypically diverse strains known as the B.
cepacia complex. The B. cepacia complex currently includes at least nine
distinct species. Strains from each of these species have been isolated from
human CF patients, and all except B. dolosa have been isolated from the
plant rhizosphere or soil. The species associated with natural occurrences of
plant disease are B. cepacia and B. cenocepacia on onion and B.
cenocepacia on banana. The environmental distribution of B. cepacia
complex strains includes the rhizospheres of several agricultural-crop plants
(Jacobs et al., 2009). Plant pathogenic B. cepacia strains characteristically
produce a polygalacturonase (Peh) that is responsible for the maceration of
both bulb scale and leaf tissue and is implicated in disease development
(Ulrich 1975 and Gonzalez et al., 1997).

Onion, (Alluim cepa, L.) is of an outstanding importance among the other
crops in Egypt on account of its great value as an exportable commodity. In
Egypt, Onion grown as winter, summer crop, as an inter-planted crop for
mature dry bulbs and to some extent for the green bunch. More than 70 % of
the winter crop is shipped all over the world especially to European countries,
which are generally the main import countries (Abo El-Magd, 1973 and Leilah
et. al., 2003). Commercially in Egypt; postharvest decay of onion bulbs was
examined by inspecting the commercial packages in the market or in storage.
Bulb rot incidence was unexpectedly high, and onion bulbs with 1st quality
grade were rotten most severely by 51%, followed by 32% for 2nd and 21%
for 3rd grades. This indicates that larger bulbs had higher incidences of bulb
rots. Moreover, other major pathogens associated with basal and neck rots
were Fusarium oxysporum and Aspergillus sp. or Botrytis allii, respectively.
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Quality of marketable yield of onion that placed in common burlap bags or
kept under normal storage conditions was measured as percentage of total
loss in weight of bulbs during a storage period of four months (summer). Total
loss during storage onion bulbs within four months was determined by
examining the yield, then rotted bulbs were discarded and the remaining yield
was weighed. The aim of this work was to determine level of damage,
detection frequency in onion bulbs and field soil (rhizosphere of onion). To
isolate, identify, and determine the pathogenicity of B. cepacia isolates.

MATERIALS AND METHODS

Sample collection and onion bulb quality evaluation

Soil samples and onion rhizosphere were collected on two sampling
dates during immature-bulb stage, and mature-bulb stage, respectively, from
two commercial onion fields in Dakahlia and Gharbia governorates during the
2007-2008 onion-growing seasons. Moreover, samples of onion storage
debris were taken from the two locations for bacterial assessment. The
condition of the stored onion was studied in 2007/2008 harvest crop. For
bacteriological investigations the onion bulbs were taken from private onion
store yards of large farms at the previous two locations. All stored onions
samples were evaluated for external and internal symptoms (rot, mold,
shriveling). Onion bulbs were selected randomly from onion storage yards.
Bulbs were cut in half to observe internal tissue of scales. Examination and
evaluation was done on five replicates of average 20 onion bulbs for samples
taken in early spring, mid and late summer at the two locations.

Pathogen isolation and identification.

The outer bulb scale of infected onion was removed prior to cut the
bulbs with a sterile knife. One gram of onion scales were placed inside Petri
dish with sterile water, macerated by sterile spoon and diluted with 90 ml of
prechilled buffer (0.1 M potassium phosphate [pH 7.0], 0.1% peptone),
shaken for 1 h., then transferred to test tubes for serial dilutions. Also, soil,
root and onion storage debris samples were weighed (1-g fresh weight) and
separately placed in 20 ml prechilled buffer, and bacterial cells were
dislodged by shaker. For isolation of the Pseudomonas bacteria, samples
(0.1 ml) from appropriate serial dilutions were plated on trypan blue
tetracycline (TB-T) supplemented with crystal violet (5 mg/liter) and nystatin
(50 mg/liter) (Hagedorn et al., 1987) and P. cepacia azelaic acid tryptamine
(PCAT) selective media (Burbage and Sasser. 1982). The plates were
incubated at 29°C for 72 h, following which putative B. cepacia colonies were
chosen (if present) for further analyses from each of the sampling substrates
(soil, rhizosphere, onion scales and storage debris) and medium type (TB-T
and PCAT) isolation combinations from the sampling dates. A single colony
from each of was chosen randomly for further testing. The bacterial isolates
were maintained as stock cultures in 20% glycerol at 5 °C.
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In addition; samples (0.1 ml) from appropriate serial dilutions were plated on
the selective agar cetrimide medium (Pseudomonas (cetrimide) agar —
sigma); the cetrimide, present in the medium, inhibit the growth of other
Gram-positive and Gram-negative bacteria. In such medium only bacteria of
the genus Pseudomonas grow only. Also, identification of bacterial isolates
was performed basing on the analysis of their biological properties (Palleroni
Norberto J. 1984, Choult et al. 1997).

Physiological, biochemical and Pathogenicity tests. Pathogenicity of
strains was investigated employing the methods suggested by Lelliott &
Stead (1987) and Hildelbrand et. al. (1988). Morphology of colonies was
investigated by cultivating bacteria in three agar media: 5% of sucrose, King
B, and dextrose. Pathogenic properties of bacterial strain isolated from the
rotten onion and rhizosphere soil were tested and pathogenic properties of
the isolates were tested artificially infecting tobacco leaves with bacterial
suspension of one day (10-8 cfu-ml). The results were checked after 24 hours.
Also, pathogenic properties of the isolates were also investigated using
pieces of potato tubers. (Pasichnik, 1995 and El-Hendawy et al., 2002).

Red onions cultivars (Giza 20 and Giza 6) mostly grown in
governorates in Nile Delta of Egypt were used throughout this study in
pathogenicity assays. The dry outer bulb scales, of each onion was removed
prior to cut the bulbs with a sterile knife. The half's of onion bulbs were placed
in a sterile aluminum pan (20 cm by 30 cm) containing two sheets of sterile
Whatman no. 1 filter paper pre-moistened with 90 ml of sterile distilled water.
The bacterial isolates used in the assays were grown overnight in KB broth.
Onion half's were wounded on the inner surface with a sterile pipette tip, and
5 ul of bacterial culture (107 CFU/mI) was inoculated into the wound. The
onion cuts were incubated at 30°C for 48 h. The degree of maceration was
estimated by probing with a toothpick. The method described by Jacobs et
al., 2008 was followed to determine a rating scale of 0 to 3 used to indicate
the degree of tissue maceration. A rating of O indicated no maceration, 1
indicated 1 to 33% macerated tissue area, 2 indicated 34% to 66%
macerated tissue area, and 3 indicated 67% to 100% macerated tissue area.
Inoculations with each isolate were replicated three times, and an average
rating was tabulated. Negative controls consisted of no wounding and
inoculation with King's B broth medium only.

RESULTS

Evaluation of onions quality during storage.

In the present study, stored onions samples from two different
locations showed that external and internal symptoms (soft rot, mold,
shriveling) were significantly varied during the storage period (5 months) in
commercial storage yards. Storage of onion marketable yield was
significantly affected by bulb quality. As shown in Fig.1, percentage of healthy
onion bulbs was reduced gradually by the end of storage period with average
of 85-89% after harvest and reduced to 59-64% in the end of storage period
at the two storage locations, respectively. This reduction in quality and
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healthy onion percentage was due to physical and biological damage caused
mainly by fungi and bacteria. Data indicated that percentage of onion bulb
scales with internal and external bacterial soft rot was minimum after harvest
(0-2%) at early spring and increased gradually during summer to reach
maximum infection (19 -22%) by the end of the summer at the two storage
locations, respectively ( Fig., 1). Symptoms of bacterial rot symptoms include
a breakdown of one or more inner bulb scales, while adjacent outer scales
and inner portions of the bulb may remain intact. Rotting scales appear pale
yellow, reddish-brown to a darker brown decay. Other causes of onion quality
loss were due to mold infection and shriveling symptoms reached to 7-10%
reduction or loss of total stored onions.

Detection frequency of B. cepacia colonies

Samples assayed for presumptive colonies of B. cepacia from two
different locations using Pseudomonas cetrimide Agar selective medium
indicated that recovery of B. cepacia colony forming units (C.F.U.) was
significantly different according to the source of samples assayed. Frequency
of CFU detected in rhizosphere increased in rhizosphere of onion plants at
mature bulbs stage (10% X 4.8 and 10% X 5.1 cfu/g) compared with
rhizosphere of onion immature bulb stage (106 X 1.9 and 106 X 2.6 cfu/ g) in
the two locations, respectively (Table 1). The recovery of the B. cepacia
colonies from onion storage debris was higher than any source of onion
infection assayed in this study (107 X3.4 cfu/ g) while the lower frequency of
colonies detected was in samples assayed from onion rhizosphere immature
(10® X 1.9 cfu/g) bulb stage followed by onion field soil (10-® X2.5 cfu/g) as
shown in Table 1.

Physiological, biochemical and Pathogenicity tests.

The bacteriological properties of the strains were investigated
according to the methods described by Lelliott & Stead (1987) and
Hildelbrand et. al. (1988). Examinations of colony morphology showed that
the Burkholderia species could not be distinguished simply by colony or
culture characters. All of the species formed convex colonies with smooth
margins or flat colonies with pleated margins on King's B medium and the
colonies were of the same colour, but excreted yellow pigment or no pigment
into the medium. The properties of the onion isolates were characterized in
Table 2. All the onion isolates were gram-negative, rod-shaped with rounded
ends, had a few polar flagella and non spore-forming. On conventional YP
agar medium (yeast extract 5 g, peptone 10g, agar 15 g, distilled water 1000
ml, pH 6.8) at 27°C., the colonies were circular and convex with entire
margins. Moreover, all the positive isolates accumulated poly-p-
hydroxybutyrate, not synthesizing arginine dihydrolase, produced oxidase,
not fluorescence, grew at a temperature of +41°C and caused the rot of
potato tubers, but did not affect the tobacco leaves. The results summarized
in Table 2 indicated that 69 isolates from Trypan blue tetracycline (TB-T)
medium and 43 isolates from Azelaic acid tryptamine (PCAT) medium were
positive identified as B. cepacia. B. cepacia was recovered more efficiently
on TB-T medium than PCAT medium. The pathogenicity of these isolates
was further investigated for pathogenicity on onion.
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Pathogenicity of B. cepacia isolates from different sources

Pathogenicity of total 125, 75, 30 and 62 isolates from onion
rhizosphere, field soil, bulb scales and storage debris showed that percent
area of macerated scale tissue after inoculation and incubation at 30°C for 48
h was estimated and a rating of 0 to 3 was given in Table 3. Positive
pathogenic isolates caused water-soaking and maceration symptoms. The
large majority of isolates tested were highly virulent, with pathogenicity
ratings of 2- 3 indicating higher number of isolates maceration of the onion
bulb tissue by 25 (83%) isolates from onion bulb scales followed by isolates
from onion rhizosphere (32%) and 24% of isolates from onion storage debris
(Table 3). However, the virulence of 50% of isolates with pathogenicity rating
2 were belong to isolates from rhizosphere and storage debris while isolates
with lower pathogenicity ratings 0-1 was belong to isolates from field soil.
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Fig.1: Evaluation of external and internal onion bulbs quality during 3
storage periods in commercial storage yards at two different
locations (a) at Dakahlia Governorate and (b) Gharbia
Governorate.
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Table 1: Detection frequency of B. cepacia colonies on selective
medium from different onion infection sources

Samples

No. of cells per 1 g of initially
(10°- 107 X c.f.u + SD)*

Location 1 **

Location 2

-Rhizosphere at immature-bulb stage

106X1.9+0.23

106X 2.6+0.31

- Rhizosphere at mature-bulb stage

106X 4.8+0.38

10%X5.1+0.95

- Onion field soil

10X 2.5+0.43

109X3.3+0.21

- Onion storage debris

107X 3.2+0.39

107 X3.4 + 0.26

* No. of bacteria (c.f.u.) detected on selective medium ( Pseudomonas cetrimide Agar).
Each value represents mean + SD (n =5).
** |solation done for samples (n = 5) from two commercial onion fields and storage yards
in Dakahlia and Gharbia governorates, respectively.

Table 2: Physiological characteristics of B. cepacia isolates recovered
from onion scales by using two selective media

Trypan blue Azelaic acid
tetracycline tryptamine
(TB-T) Medium (PCAT)Medium
Test Positive isolates (%)
- Fluorescence 25 45
- Oxidase 90 78
-  Growthat41 C 88 35
- Potato tuber 82 76
- Tobacco leaf 84 66
Utilization of:
- L- Arginin 65 65
- Citrate 85 90
- P-B-H, Poly-p-hydroxybutyrate. 82 45
identified and confirmed as:
B. cepacia (%)* 69 43

Table 3: Pathogenicity of B. cepacia isolates from different sources

No. of isolates separated according to bulb
Isolates sources? No. of isolates [maceration scale (0-3)":

0 1 2 3
5 18 62 40

- Onion rhizosphere 125 (4%)° (14%) (50%) (32%)
75 15 35 22 3

- Onion field soil (20%) (47%) (29%) (4%)
30 0 2 3 25

- Onion bulbs (7%) (10%) (83%)
3 o 35 15

- Onion storage debris 62 (5%) 9 (14.5%) (56.5%) (24%)

2 Inoculations with each isolate were replicated three times, and an average rating was
tabulated. Negative controls consisted of no wounding and inoculation with KB broth

only.

® The method described by Jacobs et al., 2008 was followed and a rating scale of 0 to 3
was used to indicate the degree of tissue maceration. A rating of O indicated no
maceration, 1 indicated 1 to 33% macerated tissue area, 2 indicated 34% to 66%
macerated tissue area, and 3 indicated 67% to 100% macerated tissue area.

Cvalues inside parenthesis are percentage of values without parenthesis.
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DISCUSSION

Phytopathogenic strains of B. cepacia have been implicated in both
field and postharvest disease problems (Cother and Dowling 1985;
Kawamoto and Lorbeer 1972, 1974). In the present study, the majority of B.
cepacia isolates from different isolation sources examined in an onion
pathogenicity assay were incapable of causing water-soaking and maceration
symptoms. Our results are similar with many studies shown that strains of B.
cepacia are capable of causing water soaking and onion tissue maceration in
laboratory inoculations (9, 18, 52, 53). All the isolates in this study were
examined with appropriate physiological and biochemical tests as available of
facilities in our laboratory strengthened with experience to ensure its identity
as B. cepacia. The selective media used in other related research studies
on B. cepacia revealed that TB-T medium was the most suitable medium
developed for isolation of B. cepacia (Hagedorn et al., 1987 and Jacobs et
al., 2008). B. cepacia isolates were differentially recovered on the PCAT and
TB-T selective media. Our results are similar to those of Dalmastri et al.
(2007) in this regard, with approximately two times more B. cepacia bacteria
recovered on TB-T than on PCAT medium and an increased number of B.
cepacia bacteria recovered on PCAT medium. Although neither of these
media is sufficiently selective to eliminate other organisms, as shown in this
study and in previous studies (Miller et al., 2002 and Jacobs et al., 2008), It is
recommend that both PCAT and TB-T media be used in combination in
population analyses of B. cepacia from different environmental sources.
However, the key tests for the confirmation of B. cepacia were a positive
oxidase reaction, utilization of L-arginine and citrate, accumulation of poly-p-
hydroxybutyrate, a negative arginine dihydrolase reaction, no fluorescence,
growth at 41°C, and utilization of m-hydroxybenzoate (Kawamoto and
Lorbeer 1972, 1974; Palleroni, 1984 and Hagedorn et al., 1987). Plant
pathogenic B. cepacia strains characteristically produce a polygalacturonase
that is responsible for the maceration of both bulb scale and leaf tissue and is
implicated in disease development (Ulrich 1975).

Burkholderia cepacia can be separated from P. marginalis or P.
viridiflava by its lack of production of a water-soluble, fluorescent pigment
when grown on King's B medium. Since, many strains of B. cepacia will
produce a nonfluorescent yellow-green, diffusible pigment in that medium, it
is always wise to check for fluorescence using an ultraviolet light source.
Other useful tests include checking for pectolytic activity on a pectin gel
medium and for rot in onion slices. The most difficult organism to differentiate
it from is the slippery skin pathogen, B. gladioli pv. alliicola. However, most
strains of B. cepacia will utilize gluterate, putrescine, levulinate and
tryptamine but not mesaconate, nicotinate or D(-) tartrate within 7 days,
whereas B. gladioli pv. alliicola usually will test the opposite when exposed to
those substrates. Recently developed methods to identify B. cepacia include
whole cell fatty acid analysis, PCR (clode et. al.,1999 and Seo &Tsuchiya,
2004) and hybridization with species-specific rRNA gene probes (Leff et al.,
1995 and Sotokawa & Takikawa, 2004).
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In this study, significantly more B. cepacia bacteria were recovered
from onions storage debris and rhizosphere than from soil samples, and
assays of the rhizosphere at two different onion bulb stages also indicated a
significant association between the sampling time and recovery of B. cepacia.
This virulent isolates were most commonly isolated after the complete
development of the onion rhizosphere at mature bulb stage and was
extremely low at the first sampling time, when onion roots were in an initial
rhizosphere. The numbers of B. cepacia isolates from two different locations
of large producing areas of onion fields and storage yards in north Delta of
Egypt (Dakahlia and Gharbia governorates) were relatively similar.

In summary, it is determined that B. cepacia is present in the onion
rhizosphere, infected onions, onion storage debris and onion field soil in
Egypt. The vast majority of isolates were pathogenic in an onion disease
assay, causing water soaking and tissue maceration. Further investigation
are needed with more advanced techniques (PCR) to determine the genetic
content, distribution, and mobility of gene sequences involved in virulence
variable in other species within the genus of Burkholderia and B. cepacia
complex species.
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