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SEROGROUPS OF E R  WINIA  CAROTOVORA INVOLVED 
IN SYSTEMIC INFECTION OF POTATO PLANTS 

AND INFESTATION OF PROGENY TUBERS 

Eileen A. Maher, Solke H. De Boer, and Arthur Kelmanl 

Abstract 

Enrichment techniques and serological strain typing methods were 
used to determine the source of stem and progeny tuber populations of 
Erwim'a carotovora (Ec) in 1980 and 1981. Plots were established in a field 
that had been planted with potatoes since 1972. Seed tubers of cultivars 
Russet Burbank and Norgold Russet were assayed for Erwinia carotovora pv. 
carotovora (Ecc) and Emvinia carotovora pv. atroseptica (Eca) by tuber peeling 
and direct plating and plating following enrichment in a pectate-based 
broth. Levels of seed tuber infestation ranged from undetectable to 2.4 x 104 
colony-forming units per g peel tissue. Prior to planting Ecc was detected in 
soil samples from field plots by enrichment in a pectate-based broth. Ec was 
isolated from symptomless plants with increasing frequencies from 8 weeks 
following planting regardless of the level of Ec populations in seed tubers. At 
harvest progeny tuber recontamination was low and not related to levels of 
seed tuber Ec populations. In 1980, serological typing of representative Ecc 
isolates indicated serogroups III, XXIX, and unknown strains isolated from 
the soil but not the seed tubers prior to planting were isolated from stems 
and progeny tubers. Serogroup XXIX was isolated from soil, seed, stems and 
progeny tubers in 1981. Throughout both years, Ecc was isolated more 
frequently than Eta from seed, soil, stems, and progeny tubers. These data 
emphasize the potential for reinfestation of seed stocks and infection of 
plants by populations of Ecc that overwinter in soil under Wisconsin 
conditions. 

Resumen 

En 1980 y 1981, se utilizaron t6cnicas de enriquecimiento, y m6todos 
serol6gicos de clasificaci6n de variantes, para determinar la fuente de Erwim'a 
carotovora (Ec) en las poblaciones presentes en tallos y tub6rculos producidos. 
Se establecieron parcelas en un campo que habfa sido sembrado con papas 
desde 1972. Tub6rculos-semillas de los cultivares Russet Burbank y Norgold 
Russet, fueron probados para Erwim'a carotovora pv. carotovora (Ecc) y 
Erwim'a carotovora pv. atroseptica (Eca), pelando el tub~rculo y sembrando la 
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c~scara directamente en placas o sembrando las c~scaras en placas despu6s 
de un proceso de enrequecimiento en un caldo a base de un pectato. Los 
niveles de infestaci6n de los tub6rculos-semillas variaron de no detectables a 
2.4 x 104 unidades formando colonias por gramo de tejidos de c~scara. Antes 
de la siembra, se detect6 Ecc en muestras de suelo enriquecidas por un 
tratamiento en caldo a base de pectato. Ec rue aislada de plantas sin 
sintomas, con frecuencias que se incrementaron a partir de 8 semanas 
despu6s de la siembra prescindiendo del nivel de las poblaciones de Ec en los 
tub6rculos-semillas. A la cosecha, la recontaminaci6n de los tub6rculos 
producidos file baja y no relacionada con los niveles de las poblaciones de Ec 
en los tub6rculos-semillas. En 1980, la indentificaci6n serol6gica de aislamientos 
representativos de Ecc indic6 la presencia de los serogrupos III, XXIX, y 
variantes desconocidas aisladas del suelo, pero no de los tub6rculos madres 
antes de la siembra. El serogrupo XXIX rue aislado del suelo, semilla, tallos 
y tub6rculos producidos, en 1981. A trav6s de ambos afios, Ecc file aislada 
m~s frecuentemente que Eca de semilla, suelo, tallos y tub6rculos producidos. 
Esta informaci6n enfatiza el potencial de reinfestaci6n de las reservas de 
semilla y la infecci6n de plantas por las poblaciones de Ecc que invernan en 
el suelo bajo las condiciones de Wisconsin. 

Introduction 

The advent of relatively sensitive techniques for the detection of Emvinia 
carotovora pv. carotovora ( Ecc ) and Ernoim'a carotovora pv. atroseptica (Eca ) (2, 
4, 7, 21, 25, 27, 28, 33) has provided the means for intensified efforts to 
resolve the 50 year controversy concerning the primary sources of inoculum 
of the "blackleg" (Eca) and "soft rot" (Ecc) strains in potato. Partly as a 
result of the evidence presented by Leach in 1930 (17) that Eca survives in 
the soil, efforts decreased in the United States to develop seed sources that 
were free of Eca. However, reports from Ireland (18), Scotland (11), and 
USA (3, 8) indicated that populations of Eca declined to very low numbers 
in the soil following long rotations. This raised the prospect that rigorous 
sanitation and reduction in contamination of seed tubers by the use of stem 
cuttings or other means may result in a significant reduction in the inci- 
dence of blackleg. Graham (11) provided data in support of this approach. 
Although evidence of the importance of seed tuber inoculum has been 
presented by a number of studies in Europe ( 14, 27) and North America (7, 
10, 28), it is difficult to produce foundation stocks free of Eca and Ecc (13) 
and even more difficult to maintain certified seed free from recontamination 
(24, 26). Furthermore, strains of Erwim'a can be disseminated by aerosols 
( 12, 16, 29), insects carrying the pathogen from contaminated cull piles ( 15, 
23, 30), and water obtained from rivers and streams (20). In comm, ercial 
growing regions of Wisconsin, potatoes are often grown in a given field 
without rotation for several years. The contributions of overwintering of 
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Ecc to stem and progeny tuber infestation was not clear in such fields. The 
prospects for resolving this question were enhanced by the development of 
serotyping procedures (9). 

In studies to determine the role of E. carotovora strains in the "early 
dying" disease, populations were found to increase in stems prior to symp- 
tom expression (22). These observations indicated that stem populations 
may reflect the concentrations and serogroups of Ec on the seed tuber. 

The objective of this research was to determine whether Ec strains 
present on seed tubers were the primary source of inoculum for infection of 
potato stems and contamination of progeny tubers during the growing 
season in central Wisconsin. A preliminary report on this study has been 
presented previously (19). 

Materials and Methods 

Plant Material--In 1980 and 1981, seed potatoes derived from stem 
cutting programs were cut by hand and hand-planted in four 6.15 m rows 
replicated 6 times at the Hancock Experimental Farm in central Wisconsin 
in a field that had been in potato culture since 1972. Overhead irrigation 
with water from a deep well was used periodically throughout both seasons. 
In 1980, Russet Burbank seed from a Montana seed source and Norgold 
Russet seed from a North Dakota source were obtained in addition to 
Wisconsin seed of these cultivars. In the 1981 trial, only Wisconsin sources of 
Russet Burbank and Norgold Russet seed tubers were planted. 

SeedPotato Assays. Surface Emvinia Counts-- Five to 13 forty-six kg bags 
of seed per seed source were assayed by peeling 5 g from each of 10 potatoes 
per bag with a standard potato peeler, combining the 50 g of peel in a 
Waring Blendor jar with 500 ml of sterile double-distilled water and ho- 
mogenizing the mixture for 60 sec. One ml of the resulting suspension was 
pipetted into 9 ml of the pectate enrichment medium (PEM) (30) incubated 
for48 h at 20 C, and then plated on crystal violet pectate medium (CVP) (4). 
Ten-fold dilutions of the original suspension were plated at once on dupli- 
cate plates of CVP and incubated at 20 C for 48 h. Numbers of characteristic 
deep-pitted Erwinia-like colonies/plate were recorded after incubation and 
6 to 9 representative colonies were restreaked on casamino acids-peptone- 
glucose (CPG) medium (4). Isolated colonies from CPG plates were further 
identified by rechecking typical colony morphology on CVP, growth at 36 
C, and acid production from a-methyl-glucoside (amg) using the plating 
procedure described by Phillips and Kelman (30). 

Stem Assays-- Stems were sampled from symptomless plants in each of 6 
replicates at three intervals in 1980 and two intervals in 1981. A three cm 
section was excised from the base of the plant above soil level, rinsed in tap 
water, then immersed in 10% Clorox for 3 min and rinsed in sterile double- 
distilled water. The center cm of stem was removed with a sterile scalpel and 
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forceps. In 1980, the stem segment was chopped then suspended in 9 ml 
sterile distilled H20. One ml of the suspension was pipetted into 9 ml of the 
PEM. The suspension was diluted and plated on CVP in duplicate. In 1981 
the stem segment was crushed with sterile fiat-nosed pliers to extract a drop 
(~5/al) of plant sap. One drop was plated directly on CVP; a second drop was 
inoculated into 9 ml of PEM. In both years, CVP and PEM were incubated 
for 48 h at 20 C; PEM enrichments were plated on CVP when no Er'wint'a- 
like colonies from the direct platings were evident. Detection of Erwim'a by 
the two methods was comparable. If representative Erwinia-like colonies 
appeared, 6 to 9 colonies were restreaked and characterized as outlined 
above. 

Progeny Tuber Assays--At harvest time, 4 tuber samples from each of 5 
hills were hand-dug from each of six replications per seed source. Periderm 

peeling and plating were completed on two 10 tuber sets per replicated field 
plot as described for the seed tuber assays. 

Soils Assays-- Twenty g of soil from each of 24 bulked core samples (20 
cores/bulked sample) collected at a depth of 15-30 cm from the field prior to 
planting were enriched in PEM (total volume=200 ml) at 20 C for 48 h, 
then diluted in sterile distilled H20 and were plated on CVP in duplicate. 
CVP plates were incubated at 20 C for 48-72 h. Six to nine representative 
Er'wint'a-like colonies per sample were restreaked and identified as de- 
scribed above. At harvest, twelve 200-400 g soil samples were hand dug at 
depths of 15-20 cm between rows; two 20 g samples from each bulked 
sample were assayed for Erwim'a as in the spring. 

SerologT"cal Testing-- In 1980 211 and in 1981 440 Ec strains were trans- 
ferred to screw-capped sterile distilled H20 blanks for storage and subsequently 
re-cultured on nutrient agar slants at 24 C for 24 h. Bacterial cells were 
harvested in 1 ml of sterile distilled H20; a drop of liquified phenol was 
added to each cell suspension and thoroughly mixed. These suspensions and 
control suspensions of bacteria homologous to the antisera tested were used 
to fill the outer wells of double diffusion agar plates; aliquots of purified 
antisera to serotypes I through XXIX were used to fill the center wells (9). 
Plates were examined for precipitin bands showing reaction of identity after 
24-48 h incubation at 24 C. Strains that failed to form reactions of identity 
with any of the 29 sera were designated unknown. 

Results 

In 1980, Ecc serogroups III, XXIX, and a number of untyped strains 
were identified among strains obtained from soil samples using enrichment 
techniques. Only serogroups XXIX and unknown strains were present in 
strains from soil in 1981. 

Populations of Ec on seed tubers were generally low and frequently 
detectable only through enrichment techniques (Table 1). Levels of seed 
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TABLE 1. - -  Relationship ofpopulations of  Erwin ia  on potato seed to popu/ations 
recovered from progeny tubers at harvest. 

Numbers of samples 
with Erwinia 

Season Sample I Cuhivar (~ 100 CFUZ)(> 100 CFU) 3 

1980 seed-1 Russet Burbank 13 0 
" progeny- 1 " 8 6 

" seed-2 " 7 0 
" progeny-2 " 3 1 

1981 seed " 0 9 
" progeny " 11 1 

1980 seed-3 Norgold Russet 134 0 
" progeny- 3 " 7 7 

" seed-4 " 0 5 s 
" progeny-4 " 2 I 

1981 seed " 5 4 
" progeny " 8 4 

1Ten-tuber samples were taken from 46 kg sacks of each seed source. 
2Colony-forming units (CFU) per g of peel tissue are based on the formation of typical 
Erwim'a-like pits on CVP plated in duplicate with ten-fold dilutions of homogenized potato 
peel. Five g of peel were removed from each of ten tubers with a standard potato peeler. The 
peel sample was pooled and homogenized in 500 ml sterile double distilled water using a 
Waring Blendor. <100 indicates very low levels of Erwim'a and includes samples in which 
< 100 CFU Er,winia/g peel could be detected by direct plating on CVP, samples in which Ecc 
could be detected only following enrichment, and samples in which Ecc could not be detected 
by direct plating or by enrichment. 
3> 100 includes samples in which CFU/g of Erwinta-like pits on CVP was > 100. Numbers 
ranged to 2.4 x 104 CFU/g. 
4No Er~inia were detected in any of these samples. 
SFive 10 tuber samples were from one 46 kg sample. 

t u b e r  infestat ion ranged from unde t ec t ab l e  to 2.4 X 104 co lony-forming  
u n i t s / g  of pe r ide rm tissue. Ec was not  detected in 1980 Norgo ld  Russet seed 
sample  3 even when  peel suspensions were inocula ted  in to  P E M  and  

incuba t ed  pr ior  to plat ing.  
Ec was prevalent  in isolations from symptomless  stems sampled in 

m i d - s u m m e r  (Table  2) in  1980. In  1981 the percentage of symptomless  
Russet B u r b a n k  stems with Ec increased from 2 percen t  at 10 weeks to 94 at 
17 weeks; similarly,  the f requency of recovery of Ec from symptomless  
Norgo ld  Russet  stems rose from 8 to 84 percent  d u r i n g  the same period.  

In  1980 most  strains isolated from seed tubers ,  stems, p rogeny  tubers  

and soil were Ecc ra ther  t han  Eca (Table  3). Also, in 1981, Ecc was the 
p r e d o m i n a n t  pa thovar  in isolations from seed, stems at 10 and  17 weeks, a nd  
on progeny tubers.  On ly  Ecc was detected in soil samples taken pr ior  to 

p l an t i ng  and at harvest.  
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T A B L E  2. ~ Periodic sampling for E r w i n i a  c a r o t o v o r a  in stems of  
Norgold Russet and Russet Burbank plants from different seed sources (1980). 

Percent Stems with Er'wt'nia I 
Sampling Dates 

Seed Sample Cultivar 7/2 7/17 8/15 

1 Russet Burbank 4.0 25.0 75.0 
2 " n z 16.6 30.0 
3 Norgold Russet 0 41.6 55.0 
4 " n 50.0 69.6 

IErwim'a were detected by direct plating of plant sap on CVP medium or enrichment of plant 
sap in PEM medium from 24 stems/sample on 7/2, 12 stems/sample on 7/17 and 56-120 
stems/sample on 8/15. 
2n=sample not available for assay. 

T A B L E  3. - -  Number of strains of E r w i n i a  c a r o t o v o r a  pv. a t r o s e p t i c a  (Eca) 
and E. c a r o t o v o r a  pv. c a r o t o v o r a  (Ecc) obtaz'ned from different sources t'n 1980. 

Number  of Strains 2 

Sou rcel Eca Ecc 

Soil (initial) 0 126 
Soil (harvest) 0 23 
Seed 9 72 
Stems 2 315 
Progeny tubers 0 46 

qsolations were made directly from seed, stems and progeny tubers and by enrichment from 
soil samples. 
2Isolated Emoinia-like colonies were selected from CVP plates, restreaked and Eca distin- 
guished from Ecc by absence of growth at 36 C and acid production on a M G  agar. 

T A B L E  4. - -  Serogroupsl of Ecc isolated from seed tubers, stems andprogeny tubers 
t'n 1980. 

Sample 2 Seed Tubers Stems Progeny Tubers 

1 (untested) 
2 V, XV, UNK 
3 n 4 
4 XII, UNK 

XXVII,  XXIX, UNK 3 XXIX, UNK 
III, V, XXVII,  XXIX, UNK III, V, XV, XXIX, UNK 
XXIX, UNK III, XXIX, UNK 
V, XV, XVI, XXIX, UNK XVI, XXIX, UNK 

IOne hundred and ninety-two strains were serogrouped. 
2Samples 1 and 2 were cultivar Russet Burbank. Samples 3 and 4 were cultivar Norgold 
Russet. 
3Strains that did not type into any of the 29 known serogroups are listed as "UNK." 
4There were no Erwinia isolated from seed sample 3. 
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In  1980 Erwim'a strains  were  not  d e t e c t e d  in seed s amp le  3. S e r o g r o u p  
X I I  was presen t  in seed s amp le  4, and  se rogroups  V and  XV in seed s amp le  2 
(Tab le  4). Powelson  and A p p l e  (31) also isolated se rog roup  V and X V  f rom 
seed o b t a i n e d  f rom the  same  g rower  f rom w h i c h  o u r  seed s a m p l e  2 was 
ob t a ined .  Howeve r ,  the  p r e d o m i n a n t  s e rog roup  of Ecc  in isolat ions m a d e  
f rom stems d u r i n g  the  season, as well  as f rom p r o g e n y  t ube r s  at harvest ,  was 
s e rog roup  X X I X  (Tab le  5); this  s e rog roup  c o m p r i s e d  70 pe r c e n t  of t he  Ecc  
f rom soil samples  p r i o r  to p l a n t i n g  tha t  were  se ro typed .  

In  the  1981 tr ial ,  Ecc s e rog roup  X X I X  was the  ma jo r  c o m p o n e n t  of t he  
ini t ia l  soil s t rains  as well  as of the  s u b s e q u e n t  isolat ions d u r i n g  the  g r o w i n g  
season and  at harves t  (Tab l e  6). Howeve r ,  s ince it was also p resen t  on  the  

TABLE 5. -- Percent of Ecc serogroup X X I X  in strains serotyped /bllowt'ng 
isolation from seed, stems andprogeny tubers t'n 19801. 

Seed sample Seed Stems Progeny tubers 

1 uZ 50.0 80.0 
2 0.0 54.8 14.3 
3 n 3 43.8 94.1 
4 0.0 57.9 42.8 

1192 strains were serotyped; see Table 4 for other serotypes isolated. 
2u = untested. 
3n=no Er~inia were isolated from this sample of seed. 

TABLE 6. - -  Serogroup distribution of r~resentative strains of Erwin ia  carotovora  
isolated from seed tubers, stems and progeny tubers of Russet Burbank and Norgold 

Russet in 1981. 

Number of Strains 2 
Seed Tubers Stems Progeny Tubers 

Russet Norgold Russet Norgold Russet Norgold 
Serogroup I Burbank Russet Burbank Russet Burbank Russet 

I (Eca) 9 
III 8 
V 
VII 
XI 
XII 
XV 
XVII 
XXIX 
Unknown 2 

3 
4 7 2 1 

3 1 
1 

4 
1 1 

12 85 52 39 10 
17 44 60 7 25 

1Serogroups based on the classification by De Boer, et al., 1979. 
-'Representative Erwzntb strains were selected following isolation and identification as de- 
scribed in text. 
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1981 seed tubers, the source of Ec serogroup XXIX on stems and progeny 
tubers could not be determined. 

Discuss ion  

Current reports from Oregon (31), Colorado (1), Wisconsin (10), British 
Columbia (6), Ireland (18), and Scotland (1l) support the concept that 
Erwinia overwinters in the soil in northern climates although populations 
do decline to very low numbers during the winter months (34). These data 
indicate that the Ecc strains present in soil in a given field can play an 
important role in colonizing stems and progeny tubers, although differences 
in ambient temperatures and cultural practices may limit the application of 
findings from one area to another (6). 

Under Wisconsin conditions high incidence of bacterial stem rot caused 
mainly by Ecc has become a common occurrence in fields under overhead 
irrigation particularly on early cultivars such as Norgold Russet and Superi- 
or (Kelman and Maher, unpublished data). In some fields the infection 
levels range as high as 90-99% of hills with one or more stems affected. The 
data indicate that high populations, even in healthy stems, can develop 
without symptom development or initial evidence of adverse effects on plant 
growth and development. The mechanisms controlling expression of stem 
rot symptoms warrant further investigation. 

In 1980 although seed sample 3 had no detectable Er~inia when tested 
prior to planting, Ec could be isolated from nearly 50% of the stems when 
apparently healthy plants were sampled in mid-July. Of the stems sampled 
from plants grown from seed sample 4 that was heavily contaminated with 
Er~im'a, 50% were infected by the mid-July sampling date (Table 2). In 
mid-July moderate contamination was present in stem samples from plants 
derived from two Russet Burbank seed sources that had also shown moder- 
ate contamination. At the last stem sampling date on August 15 populations 
in all stems were relatively high except those sampled from plants grown 
from Russet Bu'rbank seed sample 2. In general, initial levels of seed 
contamination were not correlated with the incidence of stem infestation. 

The high incidence of Er~im'a in stems was accompanied by high 
incidence of diverse populations of non-Erwinia-like Gram-negative bacte- 
ria including pectolytic strains that grew on the CVP medium. These 
populations (103-106 CFU/cm stem tissue) were usually well-established in 
June and early July, often in advance of the Erwim'a populations (data not 
shown). Infestation with non-Erwim'a bacteria did not correlate with levels 
of seed infestation with Ec. Although these stem-colonizing bacteria were 
not identified, subsequent investigations should consider their potential 
contribution to disease development and infestation of progeny tubers. 

Serogroup XXIX was the strain obtained most frequently in a repre- 
sentative sample of stem strains. Cultures that did not correspond to known 
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serogroups were the next most frequent strains. Serogroup XXIX was 
designated initially as a strain that was present in soils and plant material in 
Oregon (Powelson, personal communication). Following recognition of this 
specific serogroup, it has been reported in isolations from pre-elite seed in 
British Columbia (6) and soil in the Columbia Basin (31). Antisera used for 
serogrouping are produced against whole cells; thus, the basis for antigenic 
differences is not clear (5). Ecological and epidemiological similarities among 
serogroups isolated from various locations and sources may provide evi- 
dence for a potential colonizing or survival advantage that serogroup XXIX 
strains may have over other Ecc strains under Wisconsin conditions. Surviv- 
al ability may not be correlated with high virulence; one XXIX obtained in 
this study was ranked as intermediate in virulence when compared with two 
other strains (32). The basis for the widespread distribution of this serogroup 
in western potato growing areas as well as in Wisconsin has not been 
determined. 

Contamination of seed by low levels of Erwinia may not reduce the 
field performance of potatoes or contribute to progeny tuber infestation. 
Furthermore, determination of population size on the seed tubers may have 
limited predictive value (Maher and Kelman, unpublished data). Few 
plants in the 1980 trial developed stem rot, although seed pieces generally 
decayed by mid-season. High populations of Ecc were established by mid- 
season in stems of plants from samples 1 and 3, although no Er,winia were 
detected on seed from sample 3 and very low numbers on seed sample 1. 
Progeny tubers became uniformly contaminated with Erwinia, and most of 
the representative strains that were isolated and serotyped matched serogroups 
isolated from the soil prior to planting. 

On the basis of recent tests applying the improved methods for detecting 
Er,wim'a in water, soil and plants, it appears that it will be much more 
difficult to eliminate Er,winia from seed stocks than has been proposed 
previously. Recent isolation of Erwim'a from irrigation water, sea water, and 
Colorado mountain snow (20) indicates that sources of contamination are 
more numerous than has been reported previously. 

These data indicate that predictions as to the severity of Erwint'a stem 
rot and progeny tuber infestation based solely on initial populations of Ec on 
the seed may be unreliable, particularly when potatoes are planted in fields 
with a history of potato culture. In addition, current attempts to eliminate 
Ecc from seed potatoes through elaborate stem-cutting programs and sanita- 
tion techniques appear to have limited value when the seed tubers are 
planted in an Erwinia-infested field. 

Management efforts to reduce seedpiece decay and stem rot may profit 
from a renewed focus on careful application of improved cultural practices. 
A re-examination of crop rotation sequences in commercial fields, in con- 
junction with improved sanitation methods (destruction of cull piles and 
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r e d u c t i o n  of  E r ,  w i n i a  c o n t a m i n a t i o n  of i r r iga t ion  water ) ,  and  an emphas i s  
on a p p r o p r i a t e  p l an t  nu t r i t i on ,  soil mo i s tu re ,  insect  cont ro l ,  and  use of 
cu l t ivars  wi th  inc reased  resis tance to  bac te r i a l  soft rot  may  prove  m o r e  
benef ic ia l  t han  a t rans ien t  r e d u c t i o n  in i n o c u l u m  load  on the  seed. 
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