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INTRODUCTION

Dry pea (Pisum sativum L.) is an important field crop in
Canada. The majority of Canadian pea production is located
in the three Prairie Provinces of Alberta, Saskatchewan, and
Manitoba. With the emphasis on crop diversification of
western Canadian agriculture in recent years, the total
production area of dry pea for these three provinces has
increased dramatically from 74,500 ha in 1985, to 297,000 ha
in 1988, and to 835,100 ha in 1999 (3,4).

Erwinia rhapontici (Millard) Burkholder is an
opportunistic bacterial pathogen that causes pink
discoloration of seeds in field crops (10). Host crops reported in
Canada and USA include legumes such as pea (11,15), bean
(Phaseolus vulgaris L.) (9), lentil (Lens culinaris Medik.) (8)

and chickpea (Cicer arietinum L.) (8), as well as cereals such
as wheat (Triticum aestivum L. and Triticum durum Desf.)
(2,5,6,12,13). Despite the increasing frequency of reports of pink
seed discoloration on field crops in Canada, no information
exists regarding the effect of this disease on crop productivity.
The purpose of this study was to provide vital new

information on pink seed of pea by determining the
importance of seedborne inoculum (infected seeds) on
seedling emergence, seedling vigor, seed quality, and seed
yield.

MATERIALS AND METHODS

Source of seeds and establishment of field
experiment

Seeds of dry pea, cv. Delta, were obtained from a
commercial field near Vulcan, Alberta, Canada that had an
outbreak of pink seed in 1999 following hail damage to the
crop. Seeds were sorted into categories of pink and non-pink,
and three subsamples of 100 seeds from each category were
surface sterilized in 70% ethanol for 90 seconds, air-dried,
and plated onto potato dextrose agar (PDA) (Difco; Detroit,
Michigan, USA) in Petri dishes. The presence of Erwinia
rhapontici was determined by production of characteristic
pink, soluble pigment on PDA within 48 hours. The
frequency of E. rhapontici in pink seeds was 100%, whereas
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the frequency in non-pink seeds was less than 1%. The sorted
seed samples, pink and non-pink, were stored in a cold room
(4 ) until used for the field experiments.

An irrigated field at the Agriculture and Agri-Food
Canada Research Centre near Lethbridge, Alberta, Canada
was used for the study in 2000, 2001, and 2002. For each
year, the experiment was conducted in an area of the field that
was fallowed in the previous season. Pea seeds were sorted
into lots containing 0, 10, 50 and 100% pink seeds, and were
planted in the field on 25 May 2000, 23 May 2001, and 31
May 2002, using a 4-row plot seeder. Plots consisted of four
5-m rows of 100 seeds per row, with rows spaced 0.23 m
apart. There were six treatments for the experiment, including
(1) healthy seed, plants not injured (control); (2) healthy seed,
plants injured at young pod stage; (3) 10% pink seed, plants
not injured; (4) 50% pink seed, plants not injured; (5) 100%
pink seed, plants not injured; and (6) 100% pink seed, plants
injured at young pod stage. Treatments were arranged in a
randomized block design with four replicates in each
treatment.

Data collection and plot maintenance

After all the seedlings had emerged and prior to the
elongation stage, the number of emerged seedlings was
counted for each plot. Unemerged seedlings were recovered
from the soil, washed for 30 min in running water, air-dried,
surface sterilized in 70% ethanol for 90 sec, and plated on
PDA in Petri dishes for two to seven days to examine for
presence of E. rhapontici. The height of emerged seedlings
was determined by measuring ten seedlings in each row at 50-
cm intervals.

From the late vegetative growth stage (mid-June) to the
late pod-filling stage (mid-August), irrigation was provided as
needed to maintain crop growth and development. Weeds
were controlled during the growing season by hand weeding.
For the treatments involving plant injury, pea plants were
gently abraded with a stiff wire brush at the young pod stage
and irrigated immediately after, to provide conditions

conducive for development of pink seed. Wire brushes were
sterilized between plots by washing for 90 sec in 70% ethanol
and air-drying before re-use, to prevent cross-contamination.

At maturity (early September), plants were harvested
using a Nurserymaster Elite 2000 plot combine
(Wintersteiger, Ried im Innkreis, Austria). Seed samples were
dried at 20 for 4 weeks, cleaned, and weighed to determine
seed yield for each plot. The 1000-kernel weight of seeds for
each plot was determined by counting the entire sample and
dividing by the sample weight. The percentage of infection by
E. rhapontici was determined for each plot by sorting seed
samples into pink and non-pink seeds, confirming the
correctness of the visual sorting by plating a 100-seed
subsample as previously described, and calculating the
resulting percentage of pink seeds.

Statistical analysis

Within each experiment, differences between treatments
in percent seedling emergence, seedling height, seed yield of
pea, percent infection of seed by E. rhapontici, and 1000-
kernel weight, were analyzed for statistical significance using
analysis of variance (ANOVA). Means were separated using
Duncan's multiple range tests. All statistical analyses were
conducted using SAS/STAT computer software (14).

RESULTS

Seedling emergence and height

Seedling emergence was significantly (P<0.05) lower for
the treatments of 50% pink seed and 100% pink seed
compared to the healthy control in all three years (Table 1).
For example, in 2002, the seedling emergence for the
treatment of 100% pink seed was 36%, compared to 84% in
the healthy control. Seedling emergence for the treatment of
10% pink seed was significantly lower than the healthy
control in 2001, but not in 2000 or 2002. The frequency of E.
rhapontici recovered from unemerged seeds was high (41-
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Table 1. Effect of seed infection by Erwinia rhapontici on seedling emergence of dry pea (field experiments, 2000-2002).

Seedling emergence (%)2

Treatment1

2000 2001 2002

Healthy seed, non-injured (control) 62 a3 73 a 84 a
10% pink seed, non-injured 59 a 63 b 81 a
50% pink seed, non-injured 53 b 51 c 54 b
100% pink seed, non-injured 43 c 42 d 36 c
Healthy seed, injured nd4 nd nd
100% pink seed, injured nd nd nd

Standard error 0.9 0.5 1.1
1 Pea seeds cv. Delta obtained from a commercial grower in Vulcan, Alberta, Canada in 2000.
2 Data on seedling emergence was collected at 3 wks after seeding.
3 Means within each column followed by the same letter are not significantly different (Duncan's multiple range test; P>0.05).
4 Data not determined, as emergence data was collected prior to plant injury.



88%) in the treatments of 50% pink seed and 100% pink seed,
but low (0-4%) in the treatments of 10% pink seed and non-
pink seed (healthy control). Thus, planting 100% pink seeds
resulted in an average of 33% reduction in seedling
emergence (Table 1). 

Seedling height was significantly (P<0.05) lower for the
treatments of 50% pink seed and 100% pink seed compared to
the healthy control in all three years (Table 2). Seedling
height for the treatment of 10% pink seed was significantly
lower than the healthy control in 2001 and 2002, but not in
2000. For example, the average height of seedlings in the
healthy control in 2002 was 9.4 cm, compared to 8.1, 6.7, and
4.2 cm for the treatments of 10%, 50% and 100% pink seed,
respectively. Therefore, planting 100% pink seeds resulted in
an average of 44% reduction in seedling height (Table 2).

Seed quality and yield

The frequency of harvested pea seeds infected by E.
rhapontici was significantly (P<0.05) higher for the injured
treatments, compared to the non-injured treatments,
regardless of whether the seed used for planting was healthy,

10% pink, 50% pink or 100% pink (Table 3). For the injured
treatments, the frequency of infected seeds ranged from 17 to
42%, compared to a range of 1 to 14% for the uninjured
treatments. In addition, the 1000-kernel weight of harvested
pea seeds was significantly lower for the injured treatments in
2000 and 2002, compared to the non-injured treatments
(Table 3). Seed weights for the injured treatments were 18, 17
and 21% lower than for the uninjured treatments, in the years
2000, 2001, and 2002, respectively. Thus, injury of pea plants
in the presence of E. rhapontici resulted in an average of
374% increase in frequency of harvested pink seeds, and an
average of 19% reduction in seed weight (Table 1). 

Pea seed yield was significantly (P<0.05) higher for the
non-injured treatments, compared to the injured treatments in
2001 and 2002, but not 2000 (Table 4). For example, in 2002,
the pea seed yield for the healthy, non-injured control was
2342 kg/ha, whereas the yields for the treatments of healthy
seed (injured) and 100% pink seed (injured) were 1337 and
1185 kg/ha, respectively. Over all three years, injury of pea
plants in the presence of E. rhapontici resulted in an average
yield reduction of 44% (Table 4).
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Table 2. Effect of seed infection by Erwinia rhapontici on seedling vigor (height) of dry pea (field experiments, 2000-2002).

Seedling height (cm) 2

Treatment1

2000 2001 2002

Healthy seed, non-injured (control) 7.9 a3 8.3 a 9.4 a
10% pink seed, non-injured 7.5 ab 7.7 b 8.1 b
50% pink seed, non-injured 6.6 bc 5.7 c 6.7 c
100% pink seed, non-injured 5.5 d 4.8 d 4.2 d
Healthy seed, injured nd4 nd nd
100% pink seed, injured nd nd nd

Standard error 0.2 0.1 0.2
1 Pea seeds cv. Delta obtained from a commercial grower in Vulcan, Alberta, Canada in 2000.
2 Data on seedling emergence was collected at 3 wks after seeding.
3 Means within each column followed by the same letter are not significantly different (Duncan's multiple range test; P>0.05).
4 Data not determined, as height data was collected prior to plant injury.

Table 3. Effect of seed infection by Erwinia rhapontici and plant injury on seed quality of dry pea (field experiments, 2000-
2002).

Infected seeds (%) Seed weight
Treatment1 (g/1000 kernels)

2000 2001 2002 2000 2001 2002

Healthy seed, injured2 20 a3 23 a 38 a 203 a 203 a 197 a
100% pink seed, injured 17 a 19 a 42 a 192 a 224 b 206 a
Healthy seed, non-injured (control) 2 b 4 b 11 b 239 b 240 bc 265 b
100% pink seed, non-injured 1 b 5 b 14 b 239 b 251 bc 262 b
50% pink seed, non-injured 1 b 7 b 10 b 242 b 263 c 241 b
10% pink seed, non-injured 1 b 3 b 9 b 244 b 269 c 254 b

Standard error 0.9 0.8 1.3 2 5 7
1 Pea seeds cv. Delta obtained from a commercial grower in Vulcan, Alberta, Canada in 2000.
2 Injury was caused by gently abrading plants with a wire brush at the early pod stage.
3 Means within each column followed by the same letter are not significantly different (Duncan's multiple range test; P>0.05).



DISCUSSION

This study demonstrates for the first time that pink seed
of pea caused by E. rhapontici has negative impacts on
seedling emergence, seedling vigor, seed quality, and seed
yield. Although the disease is not as commonly occurring in
Canada as some other pea diseases such as mycosphaerella
blight (Mycosphaerella pinodes (Berk. & Blox.) Vestergr.) (1),
the fact that it negatively affects stand establishment, seed
yield and seed quality of dry pea suggests that appropriate
methods are required for the management of this seedborne
disease. The evidence from this study suggests that it is
important to use healthy seeds for planting and avoid using E.
rhapontici-infected pea seeds. Since the pathogen can survive
the winter in infected crop debris (7), and since preliminary
research indicates a lack of host specificity among E.
rhapontici isolates (Huang and Erickson, unpublished), a
rotation using non-host crops may be helpful in preventing
the disease.

The findings in this study indicate that plant injury and a
subsequent period of high moisture are major factors that
predispose dry pea to development of pink seed disease. In
nature, these injuries could potentially arise from damage by
hail, wind, insects, or other means. Since E. rhapontici is
opportunistic in nature, and depends on plant injury to gain
entrance into plant tissues, it would be feasible to protect all
of these types of injury to the crop by preemptive colonization
of injury sites by non-pathogenic or beneficial
microorganisms. This biological control approach for
protection of injured plants against E. rhapontici warrants
further study.

In this study, a high occurrence of pink seeds was
observed in injured pea plants originating from healthy seed.
This suggests that E. rhapontici can move within a crop. The
mechanism for this dispersal is not clear at present, but
possible means could include splashing of water from rainfall
or sprinkle irrigation, or transfer by pest or non-pest insects.
More research is needed to investigate these possibilities, and
if insects are found to play a role in transmission of pink seed,
then control of the appropriate insect vectors may be another

means for controlling the disease.
In addition to the agronomic impacts identified in this

study, there may be other negative consequences associated
with pink seed caused by E. rhapontici. It is not presently
known whether infection of seeds by E. rhapontici results in
adverse health effects when such seed is consumed by
humans or livestock. Since the host range of E. rhapontici
includes crops such as wheat and legumes, which are intended
for both human consumption and livestock feed, it seems
prudent to investigate whether this is the case.
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