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Abstract P. syringae pv. syringae was shown to be the
cause of bacterial blight in 40% of field pea crops showing
symptoms of bacterial blight during 2005 compared to
47.5% caused by P. syringae pv. pisi and the 12.5% of
crops infected by both pathovars. A replicated field
experiment conducted in the presence of stubble infected
with P. syringae pv. syringae quantified yield losses in
commercial cultivars due to this pathovar. Within this
study field pea cultivars could be divided into two groups
based on resistance or susceptibility to bacterial blight
caused by P. syringae pv. syringae. The average yield loss
in the resistant cultivars in the presence of infected field
pea stubble was 23%, whereas in the susceptible cultivars
the yield loss was 75%. In one cultivar a yield loss of 94%
was measured. Variability between cultivars and breeding
lines in their responses indicates potential for breeders to
develop P. syringae pv. syringae resistant cultivars.
Studies into the survival of P. syringae pv. syringae on
infected field pea stubble showed that the pathogen could
not be recovered after 34 weeks.

Keywords Pseudomonas syringae pv. pisi

Introduction

There were many reports of bacterial blight in crops of field
pea (Pisum sativum) in south-eastern Australia during the
late 1990s and early 2000s. Pseudomonas syringae pv. pisi
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has been regarded as the most important cause of bacterial
blight in Australia and internationally (Hollaway et al. 2007).
However, P. syringae pv. syringae has been reported to
occur in pea crops in Australia (Wimalajeewa and Nancarrow
1984; Clarke 1990) and overseas (Taylor and Dye 1972;
Jindal and Bhardwaj 1989; Lawyer and Chun 2001), but has
been regarded as less important than P syringae pv. pisi,
which is reported to cause disease over a wider range of
environmental conditions (Taylor and Dye 1972; Lawyer and
Chun 2001). The symptoms of bacterial blight (also known
as brown spot) in field peas have been described previously
(Taylor and Dye 1972; Lawyer and Chun 2001). All aerial
plant parts are susceptible to attack throughout the growing
season and affected stipules develop characteristic water-
soaked, fan-shaped lesions which turn brown and papery.
Disease caused by P. syringae pv. syringae or P. syringae pv.
pisi cannot be distinguished between by field symptoms.
There is little reported information regarding yield loss
caused by P. syringae pv. syringae in field pea. Jindal and
Bhardwaj (1989) reported a severe outbreak in northern
India attributed to P. syringae pv. syringae, but the extent of
yield loss was not quantified. Likewise, there have been
limited studies into the epidemiology of P syringae pv.
syringae in field peas. It is thought that P syringae pv.
syringae survives from one season to the next on seed and/or
infected crop residues (Lawyer and Chun 2001) in a similar
way to P. syringae pv. pisi (Hollaway et al. 2007). Studies of
brown spot in common bean (Phaseolus vulgaris), caused by
P, syringae pv. syringae indicate that disease development is
favoured by cool, wet conditions with ideal temperatures
between 12 and 25°C (Hirano and Upper 1990). Disease
development is often favoured by frosts due to the ice
nucleating properties of the pathogen (Maki et al. 1974).
Pathogenic variation of P. syringae pv. pisi is well
documented with a race structure having been determined
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and resistance identified in cultivars (Taylor et al. 1989;
Bevan et al. 1995; Hollaway and Bretag 1995b). There
have been limited studies internationally into the presence
or absence of host plant resistance or pathogenic variability
toward field pea with regard to P. syringae pv. syringae.
Butler and Fenwick (1970) reported the presence of
pathogenic variability within limited isolates of P. syringae
pv. syringae toward field peas.

There appears to have been an increased incidence of
bacterial blight in field peas caused by P. syringae pv.
syringae since the introduction of new semi-leafless
cultivars in south-eastern Australia. New cultivars released
during the late 1990s and early 2000s possessed many
desirable agronomic traits which included more upright
growth habitat and higher grain yields than the older
cultivars. This has resulted in a significant increase in the
area sown to new semi-leafless cultivars, such as cv. Kaspa.

These studies were undertaken to 1) determine the
importance of P. syringae pv. syringae as a cause of
bacterial blight of field peas in south east Australia; 2)
quantify disease susceptibility and associated yield loss in
current commercial cultivars; 3) evaluate a field screening
method that could be adopted by field pea breeders, and 4)
determine the survival period of P. syringae pv. syringae in
infected stubble.

Materials and methods
Cause of bacterial blight in symptomatic field pea crops
Collection of symptomatic field pea plants

During 2005, 40 field pea crops exhibiting symptoms of
bacterial blight were sampled from South Australia,
Victoria and New South Wales at the 8™ to 12™ node
growth stage (Knott 1987).

From each crop, two or three symptomatic plants were
collected and placed in a plastic zip-lock bag and transported
back to Horsham for testing. Plants were stored at 4°C until
processed for testing.

Isolation of Pseudomonas species

Tests to determine the causal organism(s) were undertaken
within two days of sampling the plant material. Leaf and
stem tissue with symptoms of bacterial blight was finely
chopped using sterile scissors. Ten gram of tissue was
added to a 250 ml Schott bottle containing 100 ml of sterile
distilled water and soaked overnight at 21°C+4°C . The
resulting suspension was serially diluted (1:1, 1:10, 1:100
and 1:1000) with sterile distilled water. Using a glass rod,
100 pl of each of the dilutions was spread onto sucrose-

nutrient agar supplemented with boric acid, cefuroxime,
cycloheximide and cephalexin (SNAC) (Hollaway and
Bretag 1995a). Colonies similar in appearance to P
syringae were subcultured after 48 h incubation at 21°C+
2°C and maintained on King’s medium B (King et al. 1954)
until identified. A set of four Pseudomonas spp. reference
cultures obtained from the Biological and Chemical
Research Institute, Rydalmere (DAR 69866 P syringae
pv. pisi, DAR 58721 P. viridiflava, DAR 35680 P. syringae
pv. syringae and DAR 55534 P. cichorii) were also
maintained on King’s medium B and used in all subsequent
pathogenicity and biochemical tests for reference.

Bacterial identification

Bacterial isolates were identified using pathogenicity and
biochemical tests. Isolates were first tested for pathogenicity
on field pea seedlings at the 3 to 4 leaf stage using the methods
described by Hollaway and Bretag (1995a). Bacteria were
scraped from the surface of a 48 h King’s B culture plate
using a toothpick. For each isolate, a field pea seedling (cv.
Kaspa) was then stabbed with the toothpick in two distinct
stem locations. Once inoculated the plants were placed in dew
chambers at 25°C+3°C and 100% relative humidity for 48 h.
Plants were transferred to a controlled environment with a
24 h photoperiod at 15°C+3°C for a further 48 h. They were
then returned to the glasshouse for the disease to develop and
were assessed three days later. A positive result was recorded
if a water soaked lesion had developed around the inoculation
site. Whether or not the lesion was localised or extensive was
also recorded. P syringae pv. syringae usually causes an
extensive lesion that causes stem collapse, whilst P. syringae
pv. pisi tends to be more localised (Mazarei and Kerr 1990).
Isolates that were positive on pea stem were tested for oxidase
reaction (Kovacs 1956), levan production (Lelliott et al.
1966), fluorescence (Hildebrand et al. 1988), pectolytic
activity (Hildebrand et al. 1988) and pathogenicity of
common bean (Phaseolus vulgaris) and lemon (Citrus
limonium) fruits (Wimalajeewa and Nancarrow 1984). Isolates
that were oxidase negative, levan positive and potato rot
negative belong to the P, syringae group of bacteria (Fahy and
Lloyd 1983; Hildebrand et al. 1988). The two pathovars are
differentiated by their reaction on lemon and bean fruit as P,
syringae pv. pisi does not cause a reaction on lemon and bean
fruit whereas P, syringae pv. syringae does (Wimalajeewa and
Nancarrow 1984).

Disease scores and yield loss in pea cultivars infected
with P. syringae pv. syringae

A field experiment was conducted during 2006 near Horsham

at the Department of Primary Industries’ Plant Breeding
Centre in the Wimmera region of Victoria. The field site has
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an average annual rainfall of 450 mm and a friable grey soil
type. Monthly rainfall data and the number of frost days
observed for 20052007 at Horsham are shown in Table 1.
The site was cropped to lupins (Lupinus spp.) the previous
year and had not been cropped to field peas for at least
5 years. The site was flood irrigated with approximately
50 mm of water 4 weeks prior to sowing to allow for early
sowing to encourage disease development.

Eleven pea cultivars (Table 2) were sown on 17 May
2006. Each cultivar was sown at 100 kg of seed per ha in 6-
row plots, 6 m long, with a row spacing of 15 cm. Seed was
obtained from Tony Leonforte (Department of Primary
Industries, Horsham, Victoria). Double superphosphate
(0% N, 9% P, 0% K) was applied in furrow at seeding at
a rate of 75 kg/ha. Galant West® (Haloxyfop 130 g/L) was
applied (19 May) at a rate of 200 ml/ha to control grass weeds

and volunteer cereals and Select® (Clethodim 240 g/L) was
applied (11 July) at a rate of 150 ml/ha to control broad-leaved
weeds.

The experimental design was a randomised split block
with three replicates. The main plot comprised the 11 pea
cultivars which were split into three sub-plots. The first
sub-plot had field pea stubble naturally infected with P.
syringae pv. syringae spread at a rate of 2,500 kg/ha on 28
June 2006 following the sowing of uninoculated seed. The
second sub-plot was sown with seed artificially infected
with P. syringae pv. syringae prior to sowing in addition to
receiving the stubble treatment as described above. Seed
was artificially infected by soaking seed in a bacterial
suspension (1x10° colony forming units/ml) for 20 min
while under vacuum and then air dried. The third sub-plot
was the nil treatment and was sown with uninoculated seed.

Table 1 Monthly rainfall (mm) and the number of frost days observed at Horsham and Wagga Wagga during 2005-2007 (Bureau of Meteorology)

Month 2005 2006 2007 Long term average (1957-2008)
Rain (mm) Frost days Rain (mm) Frost days Rain (mm) Frost days Rain (mm) Frost daysA

Horsham, Victoria
January 39.2 0 25.8 0 64.3 0 233 0
February 31.2 0 54 0 12.6 0 24.7 0
March 44 0 6.4 0 9.6 0 233 0
April 11 0 38.8 1 67.4 0 31.7 1
May 13 9 26.6 7 70.4 0 46.8 3
June 58.4 9 5.8 22 6.8 10 49.7 8
July 28.6 8 31.6 15 47.8 10 46.8 9
August 36.8 9 19.6 13 20.2 10 48.5 7
September 30.2 7 394 9 21.2 7 46.2 5
October 76.4 6 2.6 9 11.0 8 44.1 3
November 37.6 0 8.6 2 57.0 0 33.7 0
December 16.8 0 7.4 0 40.6 0 27.4 0
Annual 383.6 48 218.0 78 428.9 45 445.8 36

Wagga Wagga, New South Wales
January 13.2 0 69.4 0 40.2 0 40.1 0
February 46.8 0 1.8 0 54.6 0 39.7 0
March 6.6 0 10.6 0 23.8 0 43.0 0
April 14.6 1 17.4 6 46.0 0 413 1
May 4.6 9 4.6 15 52.4 3 51.2 6
June 69.0 6 394 18 19.4 10 49.7 10
July 65.0 8 49.2 14 38.2 17 55.0 14
August 56.4 14 7.6 22 222 8 50.8 11
September 85.0 5 20.0 10 7.4 12 49.6 7
October 77.6 2 3.8 0 14.6 5 57.7 2.0
November 44.8 0 34.0 0 73.0 43.7 0
December 29.4 0 9.4 0 74.6 0 44.8 0
Annual 513.0 45 267.2 86 466.4 55 566.4 50

AThe number of frost days for the long term average was determined by the mean number of days that the minimum temperature was equal to or lower than

2°C over the period of 1957 to 2008
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Table 2 Phenotypic traits and release dates of commercial cultivars used to estimate yield loss caused by P. syringae pv. syringae during 2006

Cultivar  Leaf type Height Maturity ~ Seed type Flower colour Flowering time Lodging resistance at harvest Year of release
Bundi Semi-leafless Semi-dwarf  Early White White Early Good 2007
Dundale  Conventional Tall Mid Dun Purple Early Poor 1970
Dunwa Conventional Tall Mid Dun Purple Mid Poor 2003
Excell Semi-leafless Semi-dwarf Early-Mid  Blue White Early Excellent 2000
Helena Conventional Tall Mid Dun Purple Mid Poor 2000
Kaspa Semi-leafless Semi-dwarf Mid Dun Pink Late Good 2003
Moonlight Semi-leafless Tall Mid White White Mid Fair 2003
Morgan Semi-leafless Tall Late Dun Purple Late Fair 1998
Parafield  Conventional Tall Mid Dun Purple Mid Poor 1999
Snowpeak Semi-leafless Semi-dwarf Mid White White Early Good 2001
Sturt Conventional Tall Mid White White Mid Poor 2006

Disease severity within each plot was assessed on the
18 September 2006 using the 0 to 9 scale described in
Table 3. Grain yield was determined at plot maturity by
recording grain weight from each plot following harvest
with a self-propelled Hege plot harvester on the 4
December 2006.

To determine the cause of bacterial blight symptoms a
representative, inoculated plot of each cultivar was tested
for the causal agent present. Plants with symptoms were
arbitrarily selected and infected material was removed and
placed in a separate plastic zip lock bag for each cultivar
and promptly returned to the laboratory for testing.
Bacterial isolation and identification was then conducted
as described above

Statistical analysis

All statistical analyses were conducted using Genstat
11™ Edition. Analysis of variance was conducted on the

grain yield data. For analysis of the disease score a
Friedman Sum Rank test (Friedman 1937) was conducted.
Regression analysis was conducted to relate yield to
disease score for each plot.

Field screening of pea cultivars for their reaction
to P. syringae pv. syringae

Sixty six advanced field pea breeding lines from Pulse
Breeding Australia were screened at Horsham for
resistance to bacterial blight caused by P. syringae pv.
syringae using the same site as the field experiment
described previously. Field pea stubble naturally infected
with P syringae pv. syringae was spread at a rate of
2,500 kg/ha on 28 June 2006 on all plots following the
sowing of uninoculated seed on 17 May 2006. The
experimental layout was a non-replicated design with
checks. The checks consisted of 12 commercial cultivars,
distributed randomly throughout the experimental design,

Table 3 Disease scale used for assessment of bacterial blight severity in field plots at Horsham during 2006

Disease score Description

No disease present

Up to 80% plant death

O 00 9 N L AW N~ O

<5% plants with leaf and stem lesions less than 10 mm in size

5% to 25% diseased plants with leaf and stem lesions less than 10 mm in size

25% to 50% of plants with leaf and stem lesions less than 10 mm in size

< 50% of plants with lesions less than 10 mm in size and <5% of plants with lesions larger than 10 mm in size

> 50% of plants with lesions less than 10 mm in size and <5% of plants with lesions larger than 10 mm in size
100% of plants with lesions less than 10 mm in size and 5% to 10% of plants with lesions larger than 10 mm in size
Dead patches in plot developing, with lesions larger than 10 mm in size on most plants

80% to 100% plant death with few remaining survivors
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and replicated at least twice. Agronomic details, disease
and yield assessment were as described for the previous
field experiment. The cause of disease symptoms was
determined within a representative plot of each cultivar and
breeding line, also as described above for the previous field
experiment. Likewise, data were analysed as described above.

Survival of P. syringae pv. syringae on field pea stubble

The survival of P. syringae pv. syringae on field pea stubble
was studied using the method described by Hollaway and
Bretag (1997). Stubble naturally infected with bacterial
blight, caused by P. syringae pv. syringae, was collected
during January 2005 from a field pea crop (cv. Kaspa) near
Rupanyup in the Wimmera region of Victoria. The crop
was harvested during December 2004.

Infected pea stubble (5 g) was placed into plastic mesh
bags (mesh size 3 x2 mm; bag size 15x 15 cm) which were
stapled closed and placed in the field. The mesh bags were
either pegged and left at the soil surface or buried at 10 cm
below ground level.

The experiment was conducted twice at each of two sites
using randomised block designs. The first site was at the
Plant Breeding Centre of the Victorian Department of
Primary Industries (friable grey clay, soil pH 8.6) near
Horsham and was established on 2 March 2005 and 10
February 2006. The second site was at the Wagga Wagga
Agricultural Institute, New South Wales Department of
Primary Industries (red-brown earth, soil pH 5.0) near
Wagga Wagga in the Riverina region of New South Wales
and was established on 21 February 2005 and 13 February
2006.

Each treatment was replicated five times with ten bags of
field pea stubble (5 buried, 5 surface) and removed from the
field after 0, 10, 14, 18, 22, 26, 30, 34, 38, 66 and
118 weeks. The content of each bag was tested for the
presence of viable P. syringae pv. syringae as described
below. Monthly rainfall data and frost days for the Horsham
and Wagga Wagga weather stations were obtained from the
Bureau of Meteorology (Table 1).

Upon removal from the field excess soil was shaken
from each bag and any plant matter attached was also
removed. The bags were opened, stubble residues removed,
placed into a 500 ml Schott bottle with 100 ml of sterile
distilled water and left overnight to soak at 21°C+4°C . The
resulting suspensions were serially diluted with sterile
distilled water and using a glass rod, 100 ul of each of
the dilutions 1:1, 1:10, 1:100 and 1:1000 were spread onto
sucrose-nutrient agar supplemented with boric acid, cefur-
oxime, cycloheximide and cephalexin (SNAC) as used by
Hollaway and Bretag (1995a). Isolation and identification
methods were then conducted as described previously in the
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section, “Cause of bacterial blight in symptomatic field pea
crops”.

Results
Cause of bacterial blight in symptomatic field pea crops

P. syringae pv. syringae and/or P. syringae pv. pisi were
isolated from all 40 crops with symptoms of bacterial blight
sampled from south-eastern Australia during 2005 (Table 4).
P syringae pv. syringae was the sole cause of bacterial
blight identified in 40% of crops, P. syringae pv. pisi the
sole cause in 47.5%, while both pathovars of P. syringae
were detected in 12.5% of crops.

Disease scores and yield loss in pea cultivars infected
with P. syringae pv. syringae

In the presence of P. syringae pv. syringae infected pea
residues all eleven commercial cultivars evaluated in the
field showed symptoms of bacterial blight and suffered
grain yield loss relative to the uninoculated plots in which
only minimal symptoms of bacterial blight developed
(Table 5). Within the cultivars there were reductions in
grain yield ranging from 13% in cv. Sturt to 94% in cv.
Moonlight.

With regard to disease score there were significant
treatment, variety and treatment by variety interactions
observed (Table 5). Within the varieties two distinct groups
were identified; a resistant group, with a disease score less
than 4 in the presence of inoculum and a susceptible group
with a disease score of greater than 6 in the presence of
inoculum. The median disease scores of the resistant and
susceptible groups in the presence of inoculum were 3 and
7, respectively. Similarly, in the presence of inoculum the
mean grain yield of the resistant and susceptible groups was
1.82 t/ha and 0.04 t/ha, respectively. The average yield loss
of the resistant cultivars in the presence of infected stubble
was 23% and within the susceptible group it was 75%.

Table 4 Number of field pea crops with symptoms of bacterial blight
from which P. syringae pv. pisi (Psp) and/or P. syringae pv. syringae
(Pss) were detected during 2005 in New South Wales, Victoria and
South Australia

Location n Pss only Psp only Pss and Psp
New South Wales 21 6 10 5
Victoria 11 6 0
South Australia 8 0
Total 40 16 19 5
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Table 5 Means of disease

scores and grain yields recorded

' - Cultivar Treatment Reaction Group
from uninoculated (nil) and
inoculated plots of eleven Nil Stubble Seed & stubble Mean
commercial cultivars from a
field trial in Horsham, 2006 Disease score (0-9, where O=resistant and 9=very susceptible)

Sturt 0a* 2b 4 cd 2a° Resistant

Dunwa 0a 2b 3 be 2a Resistant

Parafield 0a 2b 3 be la Resistant

Helena 0a 2b 1 ab la Resistant

Dundale 0a 2b 3 be 2a Resistant

Morgan 0a 2b 3 be 2a Resistant
N b Snowpeak 2b 8 de Te 6b Susceptible

Treatment by variety means .
within the disease scores followed Kaspa 0a Te 6e 4b Susceptible
by the same letter are not Bundi 0a T7e 7e 5b Susceptible
significantly different (P<0.05), as Excell 1 ab 8 de 8 de 5b Susceptible
calculated from the least ] Moonlight 1 ab 7e 7e 5b Susceptible
significant difference (1.s.d) using B
a cultivar by treatment Mean Oa 4b S¢
comparison. Means calculated l.s.d (0.05): cultivar=1.0; treatment=0.5; cultivar x treatment=1.7
from three replicates per treatment Grain yield (t/ha)

B Treatment means followed by the Sturt 3.1 27 1.8 25a Resistant
same letter are not .

D 2.1 1.8 1.5 1.8 Resistant
significantly different (P<0.05) unwa a esistan
as calculated from the 1.s.d using a Parafield 2.0 L5 1.2 1.6 a Resistant
treatment comparison. Means Helena 2.8 2.1 2.8 2.6a Resistant
calculated from the three replicates Dundale 3.0 2.1 21 24 a Resistant

f each cultivar fc .
of cach cuttivar for a Morgan 2.1 1.4 1.7 1.7 a Resistant
single treatment .

C Cultivar means within the same Snowpeak 0.7 0.4 0.0 04D Suscept%ble
column followed by the same Kaspa 1.3 0.6 0.9 09b Susceptible
letter are not significantly Bundi 1.9 0.2 0.4 0.8b Susceptible
different (P<0.05) as _ Excell 13 0.1 0.0 04b Susceptible
calculated from the ls.d using a . .
cultivar comparison. Means Moonlight 1.8 0.1 0.0 0.1b Susceptible
calculated from the three Mean 20a 12b I.1b

replicates of each treatment
for a single cultivar

l.s.d (0.05): cultivar=0.53; treatment=0.27; cultivar x treatment=n.s

A linear regression model relating yield to disease score
was fitted to individual plot data. There was a significant
negative linear effect of disease on yield (P<0.001). The
model for yield was:

Yield (t/ha) = 2.35 — 0.283 x disease score

The overall variance explained from this model was 65%.

Testing of symptomatic plants from the field trial
confirmed in all cases that P. syringae pv. syringae was
the cause of the bacterial blight epidemic in the field.

Evaluation of breeding lines for resistance to P. syringae
pv. syringae

The 66 breeding lines evaluated varied significantly (p=0.006)
in disease severity and corresponding grain yields (p=<0.001)
(data not shown). They could be grouped into resistant and
susceptible categories (Table 6) based on disease score (05

and 69 respectively) and yield (>0.3 t/ha and<0.29 t/ha
respectively).

A linear regression model relating yield to disease score
was fitted to individual plot data. There was a significant
negative linear effect of disease on yield (P<0.001). The
model for yield was:

Yield(t/ha) = 1.41 — 0.186 x disease score

The overall variance explained from this model was 69%.
Survival of P. syringae pv. syringae on field pea stubble

P. syringae pv. syringae could not be detected on naturally
infected field pea stubble monitored in the field after
30 weeks in either of the two studies each conducted at two
locations (Horsham, Victoria or Wagga Wagga, New South
Wales) regardless of whether the stubble was buried or
remained on the soil surface (Table 7).

@ Springer



266

H.J. Richardson, G.J. Hollaway

Table 6 Severity of bacterial blight in advanced breeding lines and
commercial cultivars of field peas grown in the presence of stubble
infected with P. syringae pv. syringae in the field at Horsham, 2006

Bacterial blight disease score

0-5 6-9
Resistant Susceptible
“Parafield “Yarrum
“Dundale “Moonlight
“Helena “Kaspa
“Morgan “Excell
“Dunwa “Snowpeak
“Sturt 01-309-6
“Bundi 97-446*2
00-226-5 01-230-14
97-033-1-6 01-303-3
97-360-*5-11-2 97-031-6-6
96-286*1-9 96-262*1
01-186-6 97-017*2-8
96-286*1-16 01-260-6
01-478-2 01-271-1
01-503-8 01-323-3
01-511-7 00-160-6
99-228*12 01-503-7
97-015*2-8 97-033*4
96-286*1-11 99-104*2
01-246-13 01-269-6
01-255-7 97-031-6-10
01-256-10 01-278-5
97-031-6-3 01-271-4
00-257*6 99-098*4
99-098*3 99-228*5
97-015-4D-11 97-031-6-M-P
01-228-2 97-015%2-5
01-323-9 01-126-7
01-136-3
01-261-4
01-255-5
01-230-27
01-032-8
99-246*12
01-019-6
01-227-5
98-309*6
01-226-6
01-227-20
01-136-4
89-036*3-6
97-031-6-M-Pi
01-226-3
01-284-2
98-309*1
01-322-12
01-253-13
01-230-5
01-226-2
96P403-2

? Denotes a variety used as a control and replicated in the field experiment
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Discussion

This study shows that P. syringae pv. syringae can be an
important cause of bacterial blight in field pea and is the
first to quantify yield losses due to this pathogen. Variation
between field pea cultivars in their reactions to P. syringae
pv. syringae was demonstrated which has implications for
cultivar selection and plant breeding. Previously P. syringae
pv. syringae was not considered a serious pathogen of field
pea (Lawyer and Chun 2001), but results of these studies
showed that P. syringae pv. syringae can cause significant
crop loss in susceptible cultivars.

In 40% of crops with symptoms of bacterial blight, P
syringae pv. syringae was the causative agent during 2005.
Although P syringae pv. syringae was known to be
widespread in field pea crops within Victoria during the
1980s (Wimalajeewa and Nancarrow 1984; Clarke 1990) it
has not been considered an important cause of bacterial
blight epidemics (Hollaway et al. 2007). The following
possibilities exist for the increased importance of P.
syringae pv. syringae as a cause of bacterial blight in field
peas: 1) an increased prevalence of the pathogen in field
pea crops; 2) the environment has become more conducive
for development of bacterial blight caused by this pathogen;
and/or 3) new field pea cultivars are more susceptible to
this pathogen than older cultivars.

Results of these studies implies that the increased
prevalence of bacterial blight caused by P. syringae pv.
syringae may be associated with the adoption of cultivars
susceptible to this pathogen. Prior to 2000 the dominant
field pea cultivar in south-eastern Australia was Dundale,
which was shown to be moderately resistant to P. syringae
pv. syringae in our studies. Since 2000, growers have
adopted new higher yielding cultivars such as cv. Kaspa,
Excell and Snowpeak, which have been shown in this study
to be more susceptible to bacterial blight caused by P
syringae pv. syringae than the conventional cultivar
Dundale. The five most P. syringae pv. syringae susceptible
cultivars identified in this field study were all released after
1999. As bacterial blight caused by P. syringae pv. syringae
has been regarded as a minor disease of field peas, there has
been no selection applied within breeding programs during
the development of these cultivars.

Results from the Horsham field experiments showed that
yield losses due to P. syringae pv. syringae can be as high
as 94% in cv. Moonlight. Eleven commercial cultivars
could be separated into two groups: resistant cultivars with
a disease score <5 and susceptible varieties with a score >5.
The yield loss in the resistant group was approximately
23% whereas in the susceptible group the loss was
approximately 75% and this is the first report quantifying
losses due to bacterial blight caused by P syringae pv.
syringae in field pea. The susceptible group consists of cvs.
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Table 7 Percentage of mesh bags (n=>5) containing field pea stubble
naturally infected with P. syringae pv. syringae from which viable P
syringae pv. syringae could be isolated when placed on the soil

surface or buried at Horsham or Wagga Wagga for 2 years with studies
commencing in March/February 2005 and in February 2006

Location Year Survival period (weeks)
0 10 14 18 22 26 30 34 38 66 118
Horsham, Victoria
soil surface 2005 100 60 60 0 40 40 20 0 0 0 0
2006 100 80 40 40 20 20 0 0 0 0 0
buried 2005 100 100 20 30 40 20 0 0 0 0 0
2006 100 100 80 60 20 0 0 0 0 0 0
Wagga Wagga, New South Wales
soil surface 2005 100 60 40 20 40 0 0 0 0 0 0
2006 100 60 60 40 40 0 0 0 0 0 0
buried 2005 100 20 60 20 20 0 0 0 0 0 0
2006 100 80 40 20 20 0 0 0 0 0 0

Snowpeak, Kaspa, Bundi, Excell and Moonlight. These
cultivars are all semi-leafless and semi-dwarf types except
for cv. Moonlight. These phenotypic traits may be linked to
P syringae pv. syringae susceptibility; however further
studies are required to test this hypothesis.

The variability between field pea cultivars and advanced
breeding lines in their reactions to P. syringae pv. syringae
suggests that it should be possible for pea breeders to
develop resistant cultivars and avoid the release of more
susceptible cultivars. For the purpose of screening early
generation breeding lines, when limited seed is available,
this study has indicated that it is possible to screen for
bacterial blight in the field. Of the 66 lines evaluated, 45
were rated as susceptible and 21 as resistant based on the
disease scores applied relative to known control lines.
Based on the results of this study the use of either a disease
score or grain yield assessment would be appropriate to
categorise breeding lines. However, the use of a disease
score may be more suitable as it would allow for the use of
un-replicated small plots and require fewer resources than
replicated plots for yield assessment.

Within this study only a single isolate of P. syringae pv.
syringae was used and consequently the varieties were
categorised based on their reaction to this single bacterial
isolate. Further work needs to be undertaken to determine if
pathogenic variability exists within the P syringae pv.
syringae population as it does within the P, syringae pv. pisi
population (Bevan et al. 1995). Therefore, screening of
field pea breeding material should be undertaken with some
caution until the pathogenic variability of P. syringae pv.
syringae populations are established.

For a disease screening nursery to be successful, we
believe that early sowing is critical for good disease
development. There are many reports in the literature of

the association of early sowing with the development of
bacterial blight caused by P. syringae pv. pisi (see Hollaway
et al. 2007). The field experiments reported in this study
were sown early in the season relative to sowing dates
recommended for the Horsham area, increasing the likeli-
hood of an epidemic developing.

It is also likely that the high level of disease develop-
ment within the field was assisted by the above average
number of frosts that occurred during the 2006 growing
season at Horsham (Table 1). P. syringae pv. syringae, like
P syringae pv. pisi, is an ice nucleating bacterium and there
are many reports linking frost with increased occurrence
and severity of bacterial blight caused by P. syringae pv.
pisi (see Hollaway et al. 2007).

Results of this study have shown that infected stubble
can be an important source of inoculum of P. syringae pv.
syringae but only poses a significant risk to the following
year’s pea crop and not crops in later years. This is in
contrast to the findings of Hollaway and Bretag (1997) who
reported that P. syringae pv. pisi poses a risk to subsequent
field pea crops for 2 years as P. syringae pv. pisi survived
for 78 weeks on stubble on the soil surface. This suggests
that P. syringae pv. syringae does not withstand environ-
mental conditions as well as P. syringae pv. pisi.

Although artificially infected seed was used in this study,
there is limited knowledge of the importance of seed
infection in the epidemiology of bacterial blight caused by
P syringae pv. syringae in field pea. This knowledge gap
should be addressed.

In light of this study’s findings Australian field pea
breeding programs should take this pathogen into consider-
ation for future cultivar development to decrease the risk of
commercialising new cultivars susceptible to bacterial blight.
A glasshouse test should also be developed to help identify
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both P syringae pv. syringae resistant and susceptible
breeding lines to further improve the resistance of field pea
to bacterial blight. Glasshouse tests could also be used to
determine the nature and extent of pathogenic variability in
different isolates of P. syringae pv. syringae. This informa-
tion will enable pea breeders to develop new cultivars with
improved resistance to bacterial blight caused by P. syringae
pv. syringae. Furthermore, growers need to be reminded of
the importance of crop rotation to reduce inoculum levels
and avoid growing very susceptible cultivars in bacterial
blight-prone areas.

Acknowledgements Funding for this project was provided by the
Grains Research and Development Corporation (GRDC) and the
Victorian Department of Primary Industries. Thanks to Debra
Partington for assistance with the statistical analysis and Jade Ellen,
Jonathan Bretag, Graham Exell and Dennis Ward for their technical
support. Thanks also to Dr. Eric Armstrong (Department of Industry
and Investment, Wagga Wagga, New South Wales) and his technical
staft for assistance and Dr Trevor Bretag for his critical comments on
the manuscript.

References

Bevan JR, Taylor JD, Crute IR, Hunter PJ, Vivian A (1995) Genetics
of specific resistance in pea (Pisum sativum) cultivars to seven
races of Pseudomonas syringae pv. pisi. Plant Pathol 44:98-108

Butler LD, Fenwick HS (1970) Austrian winter pea, a new host of
Pseudomonas syringae. Plant Dis Report 64:467-471

Clarke R (1990) The incidence of bacterial blight (Pseudomonas
syringae pv. pisi) of field peas in Victoria. Plant Protect Q 5:160—
161

Fahy PC, Lloyd AB (1983) Pseudomonas: The fluorescent pseudomo-
nads. In: Fahy PC, Persley GJ (eds) Plant Bacterial Diseases.
Academic, Sydney, pp 141-188

Friedman M (1937) The use of ranks to avoid the assumption of
normality implicit in the analysis of variance. ] Am Stat Assoc
32:675-701

Hildebrand D, Schroth M, Sands D (1988) Pseudomonads. In: Schaad
N (ed) Laboratory guide for identification of plant pathogenic
bacteria. The American Phytopathological Society, St. Paul, pp
60-80

@ Springer

Hirano SS, Upper CD (1990) Population biology and epidemiology of
Pseudomonas syringae. Annu Rev Phytopathol 28:155-177
Hollaway GJ, Bretag TW (1995a) The occurrence of Pseudomonas
syringae pv. pisi in field pea (Pisum sativum) crops in the
Wimmera region of Victoria, Australia. Australas Plant Pathol
24:133-136

Hollaway GJ, Bretag TW (1995b) The occurrence and distribution of
races of Pseudomonas syringae pv. pisi in Australia and
specificity towards various field pea (Pisum sativum) cultivars.
Aust J Exp Agri 35:629-632

Hollaway GJ, Bretag TW (1997) Survival of Pseudomonas syringae pv.
pisi in soil and on pea trash and their importance as a source of
inoculum for a following pea crop. Aust J Exp Agri 37:369-375

Hollaway GJ, Bretag TW, Price TV (2007) The epidemiology and
management of bacterial blight (Pseudomonas syringae pv. pisi)
of field pea (Pisum sativum) in Australia: a review. Aust J Agric
Res 58:1086-1099

Jindal K, Bhardwaj S (1989) Etiology of bacterial blight of peas
caused by Pseudomonas syringae pv. syringae. Plant Dis Res
4:165-166

King EO, Ward MK, Raney DE (1954) Two simple media for the
demonstration pyocyanin and fluorescin. J Lab Clin Med
44:301-307

Knott CM (1987) A key for the stages of development of the pea
(Pisum sativum). Ann Appl Biol 111:233-244

Kovacs N (1956) Identification of Pseudomonas pyocyanea by the
oxidase reaction. Nature 178:703

Lawyer A, Chun W (2001) Foliar diseases caused by bacteria;
bacterial blight. In: Kraft JM, Pfleger FL (eds) Compendium of
pea diseases and pests. The American Phytopathological Society,
St. Paul, pp 22-23

Lelliott RA, Billing E, Hayward AC (1966) A determinative scheme
for the fluorescent plant pathogenic pseudomonads. J Appl
Bacteriol 29:470-489

Maki LR, Galyan EL, Chang-Chien MM, Caldwell DR (1974) Ice
nucleation induced by Pseudomonas syringae. Appl Microbiol
28:456-459

Mazarei M, Kerr A (1990) Distinguishing pathovars of Pseudomonas
syringae on peas: nutritional, pathogenicity and serological tests.
Plant Pathol 39:278-285

Taylor JD, Dye DW (1972) A survey of the organisms associated with
bacterial blight of peas. NZ J Agric Res 15:432-440

Taylor JD, Bevan JR, Crute IR, Reader SL (1989) Genetic relationship
between races of Pseudomonas syringae pv. pisi and cultivars of
Pisum sativum. Plant Pathol 38:364-375

Wimalajeewa DLS, Nancarrow RJ (1984) Bacterial blights of peas in
Victoria. Aust J Exp Agric Anim Husbandry 24:450-452



	Bacterial...
	Abstract
	Introduction
	Materials and methods
	Cause of bacterial blight in symptomatic field pea crops
	Collection of symptomatic field pea plants
	Isolation of Pseudomonas species
	Bacterial identification

	Disease scores and yield loss in pea cultivars infected with P. syringae pv. syringae
	Statistical analysis

	Field screening of pea cultivars for their reaction to P. syringae pv. syringae
	Survival of P. syringae pv. syringae on field pea stubble

	Results
	Cause of bacterial blight in symptomatic field pea crops
	Disease scores and yield loss in pea cultivars infected with P. syringae pv. syringae
	Evaluation of breeding lines for resistance to P. syringae pv. syringae
	Survival of P. syringae pv. syringae on field pea stubble

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


