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Blackleg and aerial stem soft rot of potatoes, caused by Erwinia 
carotovora subsp. carotovora and E. c. subsp. atroseptica, occur in seed
fields of Central Oregon. The predominant symptom, however, is aerial stem
soft rot. The presence of aerial symptoms suggests that inoculum sources
other than the seed tuber are probably involved. E. carotovora has been
reported to be present in rivers, oceans, aerosols, rain (2) and recently in
irrigation water (5). Irrigation water has been implicated in the
recontamination of pathogen-free seed stocks (5) and may serve as an inoculum
source for aerial stem soft rot. The objectives of this research were to
monitor the population size of the soft rot erwinias in irrigation water over
time, and to examine subspecies distribution in a surface water source and a
well water source in a major seed production region of Oregon.

MATERIALS AND METHODS

Irrigation water was monitored for soft rot erwinias beginning in May and
then biweekly from late June to early September at two sites in Central Oregon
in 1985 and 1986. Surface water samples were collected from a canal in four
1-liter sterile polyethylene jugs by submerging them below the water
surface. Water, from a 35-m-deep well, was collected in four 1-liter jugs
from spigots at a pump station. Water samples were processed within 48
hours. Each 1 liter subsample was processed four ways. (1) Direct plating:

al violet
pectate (CVP) medium (1). Surface water subsamples were also serially
diluted, and 0.2 ml of each dilution plated on triplicate plates of CVP. (2)
Direct enrichment: 50 ml of water from each jug were placed in a 100 ml
sterile bottle which was then filled with double strength pectate enrichment
medium (PEM) (6) and capped with parafilm. After a 96-hour incubation at 22
C, 0.2 ml aliquots were spread on duplicate plates of CVP. (3) Celite
filtration: water samples were processed through a Celite filter to
facilitate detection of the soft rot bacteria (4). A buchner funnel with two
Whatman No. 1 filter papers was attached to a 2000-m1 filter flask.
Filtration was assisted with a water drawn vacuum. Before processing the
water samples, a base layer of Celite was established by filtering 3-5 g
Celite suspended in 25 ml of sterile water through the filter. Each 1 liter
subsample was throughly mixed with ca. 25 g Celite and poured through the
filter. The Celite layer was then removed and resuspended in 100 ml of
	  __srerile_mater- 	 Aliquots-01:2-ml) of-the -suspension -were	 spread  on-Triplicate	

plates 	 of CVP 	 it sur ace water subsamples two 10-fold serial dilutions
were similarly plated. (4) Celite enrichment: Celite suspensions were mixed
with an equal volume of double strength PEM and incubated for 96 hours at 22
C. Aliquots were spread on duplicate plates of CVP. Plates were incubated
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for 48 hours at 22 C. Number of colony forming units (CFU)/m1 of soft rot
erwinias was determined for direct water and celite filtered samples.

From each treatment up to five single Erwinia-like colonies were
collected, purified, and stored on sugarless nutrient agar slants at 4 C for
biochemical characterization.

Soft rot erwinias were identified based on biochemical properties. E. c.
subsp. atroseptica differs from E. c. subsp. carotovora and the E.
chrysanthemi in its ability to produce acid from -methyl glucoside and
absence of growth at 36 C (3). E. chrysanthemi is separated from E. c. subsp.
carotovora by phosphatase production in presence of NH 3 (3).

RESULTS AND DISCUSSION

Soft rot erwinias were recovered from both a surface water source and a
well water source in 1985 and 1986 in Central Oregon (Tables 1 and 2).
Surface water populations were consistently higher than those in well water.
Populations in subsamples of surface water ranged from 1 to 700 cfu/ml and 1
to 25 cfu/ml in 1985 and 1986, respectively. In contrast, well water
subsample populations ranged from 1 to 3 cfu/ml and 1 to 4 cfu/ml in 1985 and
1986, respectively. Population means, however, were lower. For both water
sources, the highest populations occurred in August.

The predominant subspecies in both water sources was E. c. subsp.
carotovora (Table 3). In 1985, 86% of all strains characterized were E. c.
subsp. carotovora. The remaining strains, identified as E. chrysantemi, were
recovered from six surface water samples and one well water sample. This is
the first documentation of this species in water in Central Oregon. E. c.
subsp. carotovora was predominant early and late in the season in surface
water whereas E. chrysanthemi was more common in midseason. In 1986 E. C.
subsp. carotovora was the principal soft rot erwinia recovered from water
samples. One surface water sample and one well water sample yielded E.
chrysanthemi and E. c. subsp. atroseptica, respectively.

Erwinia spp. are present in water sources used for irrigation of potatoes
in Central Oregon. This water may serve as a viable inoculum source for
aerial stem soft rot and contamination of pathogen-free seed stocks. The
importance of waterborne inoculum of these pathogens in potato blackleg and
aerial stem soft rot epidemiology is being investigated.
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Table 1. Mean populations of Erwinia spp. in surface and well water irrigation sources near Powell BUtte, OR, in 1985

Well Water (cfu/ml)

Sampling 	 Direct 	 Enriched 	 Celite 	 Celite 	 Direct 	 Enriched 	 Celite 	 Celite
Date 	 filtered enriched 	 filtered 	 enriched

May 23 	 0 	 0 	 0 	 >1 	 0 	 0 	 0
June 28 	 0 	 >1 	 0 	 >1 	 0 	 0 	 0
July 15 	 18.74 	 >1 	 0.53 	 >1 	 0 	 0 	 0
July 30 	 0 	 >1 	 97.54 	 >1 	 0 	 >1 	 0
Aug 14 	 0 	 >1 	 0.05 	 >1 	 0 	 >1 	 0
Aug 26 	 574.58 	 >1 	 232.00 	 >1 	 0 	 0 	 0
Sept 10 	 4.59 	 >1 	 1.66 	 >1 	 0.53 	 >1 	 0.05
Sept 25 	 0.42 	 >1 	 0 	 >1 	 0 	 >1 	 0

MEAN 	 74.79 41.47 	 0.10 	 0.01

0

>1
0

0

Surface Water (cfu/ml)



Table 2. Mean populations of Erwinia spp. in surface and well water irrigation sources near Powell Butte, OR, in

Surface Water (cfu/ml) Well Water (cfu/m1)

Sampling Direct Enriched Celite Celite Direct Enriched Celite Celite
Date filtered enriched filtered enriched

May 29 0 0 0 0 0 0 >1
June 26 0.42 >1 0.78 >1 0 0 0 0
July 9 0 >1 0.11 >1 0 0 0 >1
July 23 0.42 >1 0 >1 0 >1 0.60 >1
Aug 5 4.59 >1 3.33 >1 0 >1 0 >1
Aug 19 2.50 >1 0.73 >1 O 0 >1
Aug 26 0 >1 2.19 >1 0 0 0 >1
Sept 9 4.58 >1 1.93 >1 O >1 0 >1

MEAN 1.56 1.13 0 0.08

1986



Table 3. 	 Erwinia species composition in surface and well water samples near
and 1986Powell Butte, OR, in 1985

Year/Date

1985

Percent of strains

Surface Water Well Water

EchEccl Eca2 Ech3 Ecc Eca

May 23 100 0 0 _ 4 - -
June 28 100 0 0 100 0 0
July 15 89 0 11 - - -
July 30 66 0 34 0 0 100

Aug 14 50 0 50 100 0 0
Aug 26 12 0 88 - - -
Sept 10 90 0 10 100 0 0
Sept 25 96 0 4 100 0 0

1986

May 29 - - - 100 0 0
June 26 94 0 6
July 9 100 0 0 100 0 0
July 23 100 0 0 100 0 0
Aug 5 100 0 0 100 0 0
Aug 19 100 0 0 67 33 0
Aug 26 100 0 0 100 0
Sept 9 100 0 0 100 0

1 Erwinia carotovora subsp. carotovora 
2 Erwinia carotovora subsp. atroseptica 

4 - = no Erwinia sp. detected

3 Erwinia chrysanthemi 
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