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D E T E C T I O N  OF CORYN-EBACTERIUM SEPEDONICUM 
IN POTATO CULTIVARS W I T H  D I F F E R E N T  PROPENSITIES  

TO EXPRESS R I N G  ROT S Y M P T O M S  

S.H. De Boer and M. McCann 1 

Abstract 

Various potato cultivars were grown in field plots from seed pieces in- 
oculated with Corynebacterhan sepedoniatm by vacuum infiltration. Foliage symp- 
toms were recorded during the growing season and tuber symptoms at 
harvest. Cultivars were ranked according to the frequency with which the 
progeny tubers expressed external bacterial ¡  tot symptoms. Those that 
yielded 50-100% symptomatic tubers were placed in symptom expression 
class (SEC) 1; those that produced 25-49%, 10-24%, and ~ 9 %  sympto- 
mafic tubers were placed, respectively, in SEC 2, 3, and 4. The incidence 
of latent ring rot infections in stems and tubers were similar among culti- 
vars in the different SEC classes. Bacterial population densities, quanti- 
fied by immunofluorescence, were as high as 10 lo ceUs/g in stems from 
cultivars of alI SEC classes. Mean  populations in tubers ranged from 106 
- 107 cells/g and did not differ significantly among cultivars. 

Compendio 

Se sembraron en parcelas en el campo varios cultivares de papa 
utilizando segmentos de tub› inoculados por infiltraci£ al 
vacŸ con Corynebacterium sepedonicum. Se registraron los sŸ foliares 
durante la temporada de cultivo y los sŸ en los tub› al momento 
de la cosecha. Los cultivares fueron dashŸ de acuerdo a la frecuencia 
con la cual los tub› progenie expresaban sŸ externos de la 
purdrici£ anular bacteriana. Aquellos que rindieron 50 - 100% de tub› 
culos con sŸ fueron colocados en la clase de expresi£ de sŸ 
(CES) 1 ; los que produjeron 25 - 49%, 10 - 24%, y 9% de tub› con 
sŸ fueron colocados en CES 2, 3 y 4, respectivamente. La inciden- 
cia de infecciones latentes de pudrici£ anular en tallos y tub› fue 
similar entre las diferentes clases de CES de los cultivares. Las densidades 
de las poblaciones bacterianas, cuanthŸ por inmunofluorescencia, fue- 
ron tan altas como 101o c› en tallos de cultivares de todas las clases 
CES. Las poblaciones medias en los tub› variaron de 106 a 107 c› 
ulas/g y no difirieron significativamente entre los cultivares. 

ZAgriculture Canada, Research Station, 6660 N.W. Marine Drive, Vancouver, B.C., 
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Introduction 

Bacterial ring rot, caused by Corynebacterium sepedoniatm (Spieck. & 
Kotth.) Skapt. & Burkh. [syn. Clavibar midu'ganense subsp, sepedonicum 
(Spieck. & Kotda.) Davis, eta/. ], induces severe symptoms in boda foliage 
and tubers o fmany  potato cultivars. Cultivars, however, vary widely in the 
degree to which daey express symptoms. 

Cultivar response was extensively tested du¡  the 1940's to find 
sources of resistance of immunity to bacte¡ ring rot (3). Certain Euro- 
pean cultivars such as Friso and Presidentas weU asa number ofunrelated 
American seedlings showed resistance to the disease (3, 17). Subsequently 
additional culfivars, notably Teton (17) and Merrimack (1) in the United 
States, and Saranac (17) in Australia, were developed as ring tot resistant 
cultivars. The source of ¡  tot resistance in Teton is one of the Ame¡  
seedlings, whereas Merrimack and Saranac incorporated resistance from 
President. European cultivars, such as Alpha, Desiree, and Urgenta, which 
show resistance to bacte¡ ring tot (16), also have the cultivar President 
(known as cv. Paul Kruger in the Netherlands) in their lineage (20). The 
Ame¡  cultivar BelRus, also was recently shown to be resistant to ring 
rot (14). 

RAng rot resistant cultivars are not immune to the disease but can sup- 
port viable populations of the bacterium (2). Resistance of these cultivars 
is characterized chiefly by their inability to express foliage or tuber symp- 
toms. It is debatable whedaer cultivars should really be considered resis- 
tant or susceptible only on the basis of symptom expression. According to 
Daly (5) resistance Ÿ often understood as referring to the opposition of a 
plant to a pathogen ,cia a cellular mechanism aldaough a useful operational 
definition is to use resistance for "plants daat exhibit eidaer less infection, 
or less damage to equivalent inoculum loads in similar environments:  
Cooper and Jones (4), on the other hand, suggest daat "resistant" be used 
to describe the restriction of pathogen replication and/or invasion in the 
host and "tolerant" be limited to describe the disease response of the plant. 
FoUowing the latter suggestion cultivars that do not express ring rot symp- 
toros but do support multiplication of the bacterium should be labelled as 
tolerant. Demonstration daat bacte¡ growth is restricted in tolerant cul- 
tivars would constitute evidence of resistance. By monitoring the increase 
in population densities of C. sepedonicum in potato stems during the grow- 
ing season we were able to show, recently, that Desiree was more resistant 
than Russet Burbank, which was more resistant daan Red Pontiac (9). 

Whether symptomless cultivars ate resistant of tolerant has not been 
ah issue in the North American potato industry, mainly because produc- 
tion ofthese cultivars has been discouraged since they may serve as an in- 
oculum source. Breeders of the Teton cultivar acknowledged that "the big 
disadvantage (of growing Teton) is that ir the seed stock once becomes in- 
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fected it may be more difficult to clean it up than it would be to eradicate 
the disease from a more susceptible variety since the symptoms on both 
vines and tubers of Teton ate not so conspicuous as they ate in other vari- 
eties" (17). The question of whether the use of resistant cultivars may be 
advantageous in decreasing the incidence of bacteria] ring rot in Canada 
and the United States, if spread ofinoculum from them could be avoided, 
has not been addressed. It is noteworthy that bacteria] ring tot has largely 
been eradicated from Europe where resistant (or tolerant) cuhivars have 
been grown for a long time. In Europe the presence of latent ring tot in- 
fecfions would probably be less important than in North America because 
they generally use uncut seed. Seed cutting is considered a major means 
of ring rot spread in North America (11). 

If  bacterial ring rot infections could readily be detected in resistant 
and tolerant culfivars the concern about them serving as symptomless ring 
rot carriers would be alleviated. They could perhaps contribute to efforts 
to eradicate the disease from the North American potato industry. In this 
paper we show that C. sepedonicum can be detected by immunofluorescence 
in potato stems and tubers of cultivars with varying tendencies to express 
ring tot symptoms. 

Materials and Methods 

Seed Tuber Inoculation 

C. sepedonicum strain CS3, obtained from G.A. Nelson (Agriculture 
Canada, Lethbridge, Alberta) was used to inoculate seed potato tubers in 
1982 and 1983. In subsequent years strain R8, isolated from a ring rot in- 
fected Russet Burbank tuber in 1984, was used. To prepare inoculum, the 
bacterinm was grown on yeast extract, glucose, mineral salts (YGM) 
medium at 23~ for 5-7 days (6). Bacterial growth was washed from the 
YGM rnedium with one quarter strength Ringer's solution to a density of 
106 - 107 colony forming units/ml. 

Seed tubers (ca. 115-225 g) were cut longitudinally immediately be- 
fore inoculation, placed in a vacuum desiccator, and immersed in the bac- 
terial suspension. A vacuum of 96-100 kPa was created in the desiccator 
with a faucet aspirator for 15 ruin and then released, forcing the inoculum 
into the cut tubers. Inoculated seed pieces were air dried and planted in 
field plots within a week. 

Field Plots 

Various cultivars were planted in field plots during 1982-1989 to as- 
sess bacterial ring rot symptom expression. During 1982-1985 rows con- 
sisting of four inoculated seed pieces of selected cultivars were planted in 
ah isolated field plot near Abbotsford, British Columbia. Rows of uninocu- 
lated seed pieces of each cultivar were planted next to the rows of inocu- 
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lated seed pieces for comparison when reading ring rot symptoms. Seed 
pieces within a row were 30 cm apart, and the four-seed-piece-rows were 
spaced 2 m apart. 

During 1982-1985 the units of four seed pieces per cultivar were not 
replicated, but three and four replicates were planted in a randomized block 
design in 1986 and 1987, respectively. Duplicate ten-seed-piece-rows were 
planted in 1988 and 1989. Plant and row spacing was the same as in the 
previous years. 

Du¡  the 1982-1989 growing seasons, mean day temperatures were 
generally 20-25~ although higher temperatures (30~ occurred several 
days each year. Total precipitation during the four-month growing period 
varied from 160-370 mm. Plots were irrigated once or twice dur ingJuly  
and August when required. 

The cultivars that were included varied from year to year with some 
cultivars such as Red Pontiac, Russet Burbank, and Desiree included every 
year while others were included less frequently. Only data from cultivars 
that were included for two or more years are presented. Each replication 
of a cultivar during a growing season is considered to constitute one t¡ 

Assessment of Symptoms 

The foliage ofeach cultivar was scored during the growing season as 
having typical ring tot symptoms, poor of suspect symptoms, of no symp- 
toros. For tabulation purposes a value of 10, 5, and 0, respectively, was as- 
signed to each grade of foliar symptoms and the calculated mean value from 
aU trials per cultivar was used as the foliage symptom expression index. 

At harvest, the total number of tubers produced and the number  of 
tubers with externally visible ring tot symptoms were counted. Represen- 
tative tubers with decay lesions were tested by immunofluorescence of 
enzyme-linked immunosorbent assay (ELISA) to confrim the presence of 
the ¡  rot pathogen. In 1986, 1988, and 1989 the number of externally 
symptomless tubers that had internal symptoms was determined by cut- 
ting tubers at the stolon end. 

Detection of C. sepedonicum in Symptomless Plants 

Toward the end of the growing season symptomless stems were selected 
from some cultivars to test for the presence of the ring rot pathogen. Simi- 
larly, symptomless tubers of some cultivars were selected at harvest. Tis- 
sue samples were processed and tested by the indirect immunofluorescence 
procedure as reported previously (10). B¡ about 0.5 g of tissue was trit- 
urated with 1.0 ml distilled water in a plastic bag and 10-fold serial dilu- 
tions of the homogenate applied to wells of multi-well microscope slides. 
Slides were stained with monoclonal antibody 9Al and anti-mouse anti- 
body conjugated with fluorescein. Slides were observed with a Zeiss pho- 
tomicroscope at 1250X magnification. 
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For some preparations the number of fluorescing cells observed in im- 
munofluorescence were quantified with the automated microscope system 
described previously (8). Counts offluorescing cells were expressed as im- 
munofluorescing units (IFU) per gram of fresh tissue. Statistical analyses 
were performed using Statgraphics software (Statistical Graphics Corpo- 
ration, Rockville, M D  20852). 

Results 

At harvest tubers from inoculated plants exhibited a wide range of de- 
cay symptoms. Although some tubers had classical ring rot symptoms con- 
sisting of cheesy decay in the vascular ¡ many tubers had varying degrees 
of a soft rot. Decaying tubers that were tested by immunofluorescence or 
ELISA, however, were all positive for ring rot. Furthermore, norte of the 
tubers from the uninoculated control plants had decay lesions. 

The percentage of tubers with externaUy visible symptoms was used 
as the p ¡  parameter to rank cultivars according to their tendency to 
express symptoms. Cultivars that had been included in field plots for two 
or more years were placed into symptom expression classes (SEC) with di- 
visions based on a logarithmic scale (Table 1). Five cultivars were consid- 
ered to be least tolerant (SEC 1) since on average more than 50% of the 
progeny tubers developed ring rot symptoms (Table 1). Similarly, tire cul- 
tivars were placed in SEC 2 with a mean level oftuber symptom incidence 
ranging from 25-49%. Three and six cultivars were classified in each of 
SEC 3 and 4 on the basis of mean incidence of external tuber symptoms 
in the range of 10-24% and -<9%, respectively. 

With only one exception, cultivars in SEC 3 and 4 did not express any 
external tuber symptoms in at least one trial (Table 1). In contrast, culti- 
vars in SEC 1 and 2 expressed external tuber symptoms in aU trials. The 
maximum percentage of tubers with symptoms observed in SEC 1 and 2 
cultivars was generally > 50%, and < 50% for SEC 3 and 4 cultivars. 

The relationship between foliage symptom expression index and SEC 
classes was variable. Nevertheless, cultivars in SEC 1 and 2 tended to have 
higher foliage Ÿ than cultivars in SEC 3 and 4 (Table 1). 

Frequency of internal tuber symptoms, not detected by external ex- 
amination of tubers, was not very well correlated (r=0.51) to the percent 
of tubers with external symptoms (Table 2). Red Gold, for example, had 
about an equal incidence (22, 29, and 25%) of externaUy symptomatic 
tubers in 1986, 1988 and 1989, respectively. In 1986 no tubers were found 
with internal symptoms alone, whereas in the other two years 28% and 
53 % of the externaUy asymptomatic tubers had internal ring rot symptoms. 
Similarly, 21, 3, and 15% ofextemally asympt, omatic Russet Burbank tubers 
had internal ring rot symptoms; no Russet Burbank tubers with external 
symptoms were found in 1986, but 44% and 23% were found in 1988 and 
1989, respectively. 
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The ring tot bacterium was detected in symptomless stems and mbers of 
all cultivars tested. The percentage of stems and tubers in whJch C. sepedonicum 
was detected was similar a m o n g  cultivars in different SEC classes except 
that  fewer tubers in SEC 3 and 4 cultivars were latendy infected compared  
to cultivars in SEC 1 and 2 (Table 3). The  m e a n  cell density of  C. sepedoni- 
cura detected in the stems was in the range of  107 - 1011 IFU/g oftissue (Ta- 
ble 4). Populations >101o IFU/g were detected in at least some stems of  all 
but  one cultivar. Except for •usset Burbank  the mean  bacterial popula- 
t ion densities in symptomless stems were not  significanfly lower than in 
stems expressing symptoms. Populations in the tubers tended to be lower 
in the SEC 4 cultivars than in the other  cultivars but  the difference was 
not signiiŸ (Table 5). C. sepedonicum population densities >107 IFU/g were 
detected in some tubers of  all SEC classes. 

TABLE 1.--Bacterial ring rot symptom expression in potato tubers and stems of vari- 
ous cultivars. 

Percent tubers with 
symptoms t 

Foliage symptom 
expression index 

No. of Standard 
Cultivar 2 trials Mean Minimum Maximum Mean deviation 

Symptom expression class 1 (50-100%) 

White Pose 2 79 57 100 5.0 5.0 
Belchip 2 68 64 71 5.0 5.0 
Norgold 4 63 29 85 10.0 0.0 
Nooksack 2 51 ~3 58 2.5 2.5 
Red Pontiae 11 50 30 93 10.0 0.0 

Symptom expression class 2 (25-49%) 
Bintje 4 45 43 47 7.5 4.3 
Warba 3 42 13 100 10.0 0.0 
Norchip 4 34 4 62 7.5 2.5 
Kennebec 3 32 7 63 7.5 4.3 
Shepody 4 29 5 62 7.5 4.3 

Symptom expression class 3 (10-24%) 
Grand FaUs 2 22 15 29 5.0 5.0 
Red Gold 9 21 0 50 8.3 2.4 
Russet Burbank 11 20 0 48 5.0 3.4 

Symptom expression class 4 (0-9%) 
Urgenta 5 4 0 19 2.0 2.4 
BelRus 6 2 0 11 0.8 1.9 
Rose Gold 9 2 0 10 3.3 4.1 
Desiree 11 0.5 0 6 1.5 3.0 
Katahdin 2 0 0 0 0.0 0.0 
Teton 2 0 0 0 0.0 0.0 
XBased on percent externally visible tuber symptoms. 
2Cultivars are ranked and divided into classes on the basis of the percent 
ing external symptoms. 

tubers express- 
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TABLZ 2.--Frequency of internal (Int) and external (Ext) tuber symptoms of various 
potato cultivars in different symptom expression classes. 

Percent of tubers 1 
Symptom 1986 1988 1989 

Expression 
Cultivar Class Ext Int Ext Int Ext Int 

Red Pontiac 1 41 46 63 38 47 41 
Shepody 2 ND 2 ND ND ND 10 38 
Russet Burbank 3 0 21 44 3 23 15 
Red Gold 3 22 0 29 28 25 53 
Desiree 4 0 4 0 3 0 18 
Rose Gold 4- 6 8 ND ND 0 2 

124-60 tubers were cut and observed for internal symptoms, 
2Not done. 

TABLE 3.--Percent of symptomless potato stems and tubers in which C o r y n e b a c -  

t e r i u m  s e p e d o n i c u m  was detected by immunofluorescence. 

Symptom No. of No. of 
expression stems Percent tubers Percent 

class tested positive tested positive 

1 51 63 111 41 
2 44 43 90 41 
3 72 49 82 15 
4 68 51 60 22 

TABLa. 4.--Population density of C. s e p e d o n i c u m  in symptomless and sympto- 
matic stems of several potato cultivars as determined by immunofluorescence. 

Cultivar 

Symptom 
Expression No. of Mean Maximum 

Class Samples Log IFU/g 1 Log IFU/g 

Symptomless stems 
Red Pontiac 1 4 9.09ab 2 10.65 
Russet Burbank 3 5 8.47a 10.07 
Desiree 4 8 10.66b 11.56 
Rose Gold 4 5 8.32a 10.32 

Symptomatic stems 
Red Pontiae 1 8 11.18b 11.34 
Russet Burbank 3 13 10.97b 11.30 
Desiree 4 8 1 I. 18b 11.32 
Rose Gold 4 6 7.75a 9.91 

IIFU/g = immunofluorescence units per gram of stem tissue at sol1 level. 
2Means followed by the same letter do not differ at P = 0.05, based on confidence intervals. 
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TABLE 5.--Population &nsity of Corynebacteriurn sepedonicum in tubers of 
several potato cu~ivars as determined by imrnunofluorescence. 

Symptom 
Expression No. of Mean Maximum 

Cultivar Class Sarnples Log IFU/g 1 Log IFU/g 

Red Pontiac 1 8 7.822 9.56 
Bintje 2 10 7.50 8.71 
Red Gold 3 40 7.26 10.38 
Russet Burbank 3 16 7.34 10.40 
BelRus 4 4 7.46 8.04 
Rose Gold 4 37 6.97 8.46 
Desiree 4 13 6.43 7.72 
aIFU/g = immunofluorescence units per grato of tuber tissue sampled at the stolon at- 
tachment site. 
2Means were not significantly different at P ffi0.05. 

Discussion 

External tuber symptoms ase an important criterion for evaluating 
cultivars with respect to ¡  rot symptom expression because they ase read- 
ily recognized and quantified (16). A previous classification of cultivars ac- 
cording to the percentage of tubers expressing symptoms utilized classes 
of equal divisions in contrast to the logarithmic divisions we used (2). The 
logasithmic scale has the advantage of creating large divisions at the higher 
end of the scale where cultivass with the greatest incidence of symptorns 
were placed, and smaUer divisions at the lower end of the scale where cul- 
tivass with the lowest incidence of symptoms were placed. Cultivars that 
generally do not show symptoms ase the ones of greatest interest because 
of their tendency to serve as symptomless carriers o f ¡  rot andas potential 
resistant cultivass. On the logarithmic scale, SEC 4 could have been fur- 
ther subdivided into three classes with 5-9%, 2.5-4%, and 0-2.4% tubers 
with symptoms rather than the _< 9 % that was used. Further subdivision 
of SEC 4, however, was not made because that would have created classes 
with only a few or no cultivars. 

Placement of a cultivar into a SEC class should not be construed as 
being absolute but rather serves to facilitate discussion of symptom expres- 
sion, tolerance, and resistance. Cultivas responses to bacterial ring rot in- 
fections vasy due to factors such as growing conditions and inoculum 
concentration (15, 18). Although the classification was based on the inci- 
dence of external tuber symptom expression, the foliage symptom expres- 
sion index also tended to be lower in SEC 3 and 4 than in SEC 1 and 2. 

The known resistant cultivars, Desiree, BelRus, Urgenta, and Teton, 
all typed into the SEC 4 class because they expressed few external tuber 
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symptoms but they also hada  loa incidence of foliage symptoms. Rose Gold 
which also typed into this class tended to have a higher incidence of foli- 
age symptoms than the other resistant cultivara. Interestingly, all these cul- 
tivars have Katahdin somewhere in their pedigree. Katahdin was found 
to serve as a symptomless carrier in an early study (13) and did not devdop 
ring rot symptoms in our 1982 and 1983 field t¡ (Table 1). Neverthe- 
less, others have found this cultivar to express typical symptoms (2, 16, 17). 

Potato plants and tubers that harbor C. sepedonicum, but do not exhibit 
symptoms, are particularly of concern because they serve as undetected 
inoculum sources. Intemal tuber symptoms can, of course, only be observed 
by cutting the tubers and thus are difficult to detect for indexing purposes 
('rabie 2). Completely symptomless infections occur relatively frequendy 
(Table 3) and high concentrations of bacteria may be present (Table 4). 
Hence it has been practical to screen tuber lots for latent infections by sero- 
logical tests of composite tuber samples (7). Our  results show that latent 
infections not only can be detected in cultivars that express symptoms well, 
but also in those that express them poorly or not at all. 

In infected plants, the population density of C. sepedonicum increased 
during the growing season in aU cultivars that were tested (9). Although 
the populations generally remained lower in Desiree, a SE(2 4 cultivar, than 
in Red Pontiac and Kusset Burbank, SE(2 1 and 3 cultivars, respectively, 
in the previous study (9), this difference was not observed in stems tested 
in the current study. Perhaps differences in growing condidons and inoculum 
concentrations account for the discrepancy. Furthermore, in this study sterns 
were only tested at the end of the growing season (90-110 days) and only 
stems with sufficient populadons to be counted were included in the data. 

Symptomless ring rot carriers righfly remain a concern of the potato 
industry. Undetected infections may serve as inoculum for the infection 
of other seed lots. In the absence of reliable means for detecting latent in- 
fections it was necessary to avoid growing cultivars that did not readily ex- 
press symptoms, and even so latent infections continued to p laya  role in 
spreading the disease. With the advent of specific serological tests (10, 12), 
it has become possible to detect latent infections regardless of the cultivars' 
propensity to express symptoms. Appropriate serological tests can replace 
visual field and bin inspections for detection of ring rot infections. 
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