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C U R R E N T  STATUS AND F U T U R E  PROSPECTS 
OF BACTERIAL R I N G  ROT TESTING 

S. H. De Boer 1 

Abstract 

The bacterial ring rot disease of potato (Corynebacterium sepedonicum) can 
be detected in seed potato lots by serological tests with greater accuracy 
than by visual field inspections. Indexing tests can make use of highly specific 
immunofluorescence probes, enzyme-linked immunosorbent assays, and 
perhaps other procedures. Sensitivity and specificity of these procedures 
need to be determined in order to estimate the confidence with which ring 
rot can be detected in a seed lot. 

In addition to the laboratory tests, the sampling strategy determines 
the efficacy and sensitivity of the indexing procedure. Samples might consist 
of stems, leaf petioles, or tubers in single or composite units. Disease inci- 
dence and number of plants sampled also determine the confidence level 
with which ring rot can be detected in a potato seed lot. Although research 
has been conducted on many aspects of ring rot testing procedures, fur- 
ther work needs to be done. Nevertheless, it is anticipated that indexing 
potato seed lots for the presence of ring rot will be a significant factor in 
control and eradication of the disease. 

Introduction 

Low levels of the bacterial ring rot disease (Corynebacterium sepedonicum 
Spieck. & Kotth. [Skapt. & Burkh.]; syn: C/av~acter rn~h/ganeme subsp, sepMord 
cure [Spieck. & Kotth.] Davis, et al.) cannot be detected by visual inspec- 
tion of potato foliage in the field or of tubers in storage bins. However, 
indexing of potatoes with a laboratory test may be able to detect ring rot 
infections missed by visual inspections. Such indexing procedures must be 
able to detect very low pathogen densities in contrast to disease diagnostic 
procedures which deal with high populations of bacteria in visually dis- 
eased plant tissue. In this treatise, I will focus specifically on bacterial ring 
rot detection as it relates to indexing of potato seed lots. The accuracy and 
efficacy of indexing procedures are a function of the laboratory techniques 
and the sampling strategy that are used. 

Detection Techniques 

Various procedures are available for detecting C. sepedonicum. Although 
isolation and characterization of the pathogen provides the best conclusive 
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evidence of its presence, it is generally not practical to use isolation as an 
indexing procedure. The bacterium is difficult to isolate even when popu- 
lations are high. Selective enrichment of the pathogen population by in- 
oculation of a sample extract into susceptible eggplants, however, can be 
used successfully on a limited number  of samples. The Gram stain, as a 
means to detect the presence of coryneform bacteria, is now generally con- 
sidered too nonspecific for indexing purposes. It can be used successfully 
for disease diagnosis by experienced diagnosticians, however. 

Serological procedures provide the best currently available tools for 
indexing potato seed lots for the bacterial ring rot disease. Immunofluores- 
cence, enzyme-linked immunosorbent assay (ELISA), and latex aggluti- 
nation have all been used quite successfully. Newer detection technology 
may yet provide new and better tests involving the use of DNA probes per- 
haps coupled with the polymerase chain reaction procedure to enhance sen- 
sitivity (2, 13). Currently the DNA techniques require too much sample 
manipulation to be practical for indexing large numbers of samples. 

Immunofluorescence 
The immunofluorescence procedure has been touted as the most sen- 

sitive serological procedure for detecting a specific bacterial species (4). 
There are various factors that affect the actual sensitivity achieved. Some 
of these factors include: dilution of the sample, sample volume, spread of 
sample on the microscope slide, microscope magnification, number  of 
microscope fields that are read, and antibody specificity. With our micro- 
scope and slide configuration utilizing a 100X oil immersion objective, one 
cell per average microscope field represents 9.2 x 104 cells/ml in an un- 
diluted preparation applied at 20 #1 per 6 mm well. Detection of a single 
positive cell in 10 or 100 fields theoretically represents 9.2 x 103 and 9.2 
x 102 cells/ml, respectively. The accuracy of actual detection at such low 

cell numbers is a function of antibody specificity and care with which the 
procedures are carried out. The practical limit of immunofluorescence is 
generally found to be in the range of 104 to 103 cells/ml (9, 12). This has 
also been true of immunofluorescence tests for bacterial ring rot (6). 

The sensitivity and specificity of immunofluorescence tests for bac- 
terial ring rot has been calculated from tests on individual tubers (5). Sen- 
sitivity is the proportion of seed tubers that tested positive and when planted 
developed the disease. Specificity is the proportion of seed lots with a nega- 
tive test result and when planted did not develop bacterial ring rot. Sensi- 
tivity, calculated to be 73%, was low probably due to the fact that plants 
did not consistently develop the ring rot disease when the seed tuber actu- 
ally contained the pathogen. Thus the actual ability to detect the ring rot 
pathogen was probably greater than suggested by the sensitivity. Specific- 
ity was greater at 88%, but also may have been lower than actuality if some 
cross contamination between plants occurred in the field. Despite the ten- 
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tative nature of these calculations, they do provide a workable estimate of 
test parameters. 

ELISA 

ELISA has some important advantages over the immunofluorescence 
procedure. It can more readily be applied to a large number  of samples, 
is less time consuming, and results can be quantified with little effort. Var- 
ious configurations can be used in an ELISA system. The one we have found 
convenient for ring rot is an indirect sandwich procedure in which the an- 
tigen is captured on the plate with a rabbit polyclonal antiserum. The 
trapped antigen is reacted with a specific murine monoclonal antibody 
which is in turn detected with a secondary anti-mouse enzyme-conjugated 
antibody. 

Sensitivity of ELISA appears to be high; diseased tuber samples still 
give a positive reaction at a 106 dilution (7). However, it is difficult to re- 
late sensitivity of ELISA directly to cell counts as it primarily detects solu- 
ble antigen. The amount of soluble antigen per cell may vary under different 
conditions. Nevertheless, there was a positive correlation (r -- 0.85) be- 
tween ELISA and population density estimates from immunofluorescence 
counts (6). 

One of the difficulties in interpreting ELISA results is determination 
of a cutoff point for a positive and negative reading. If the frequency dis- 
tribution of ELISA values is bimodal, positive and negative values can be 
quite readily distinguished (11). The concentration of bacterial ring rot cells 
in potato samples, however, varies in a continuum from no cells to many 
cells. Thus a continuum of ELISA values are also obtained. An arbitrary 
decision thus has to be made as to the ELISA value that represents a posi- 
tive test. Consistency among results from separate ELISA tests can be in- 
creased by transforming data according to positive and negative samples 
run in tandem with test samples. By using this approach, reasonably good 
agreement with regard to positive and negative samples was obtained be- 
tween ELISA and immunofluorescence data. 

Sampling 

Many different aspects of sampling need to be considered with regards 
to indexing seed potato lots for bacterial ring rot infections. Some of the 
variables include single versus composite samples, tuber versus foliage tis- 
sue, number of samples to be tested, time of sampling, and frequency of 
sampling. 

Single or Composite Samples? 

Olsson (10) and Lelliot and Sellar (8) published procedures for test- 
ing composite tuber samples for ring rot by the eggplant test. The proce- 
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dure involved homogenizing the heel ends of up to 200 tubers in a single 
composite sample, extraction of the bacterial fraction, and inoculation into 
eggplant seedlings. Subsequently the procedure has been adapted for im- 
munofluorescence testing (1). Although very little data has been published 
to compare the accuracy of detecting the ring rot bacterium in composite 
samples compared to single samples, it has been observed that inclusion 
of a single positive tuber in a composite sample consistently yields a posi- 
tive serological test result (De Boer, unpublished data). Moreover, single 
tubers can be diluted with buffer many fold and still give positive results. 
These observations suggest that sensitivity of composite samples is in the 
same order of magnitude as single samples. 

Tuber or Stem Samples.) 

Indexing of seed lots for ring rot has normally been directed toward 
the tubers. This was a natural development because it is the seed tuber that 
is bought and sold and that is planted for the new crop. Tests on compos- 
ite tuber samples have, in practice, provided useful results (5). 

Foliage or stem samples may, however, have some advantage over tu- 
ber samples. These samples can be taken earlier in the season, are more 
accessible for taking random samples, and each stem, bearing several tubers, 
represents a larger sampling unit. In field experiments, ring rot bacteria 
could readily be detected in symptomless stems, sometimes, even before 
tubers were set. Results from field experiments suggest that ring rot infec- 
tions can be detected in stems as well as in tuber samples (De Boer, un- 
published data). 

The basal portion of the stem is most likely to harbor the greatest num- 
ber of bacteria since the pathogen moves up the stern from the seed piece 
and from there into progeny tubers. Stem testing, therefore, has focused 
on sampling the basal stem region. Field sampling would be simpler, how- 
ever, ifa lower leaf petiole or the upper portion of the stem could be taken. 
In a comparison of these three tissues, the highest ELISA values, as ex- 
pected, were obtained in basal stem segments, intermediate in lower leaf 
petioles, and lowest in the upper stems (De Boer, unpublished data). 
Nevertheless, the number of samples that were postive was almost equal 
with all three tissues. 

Number of Samples 

To be one-hundred percent certain that a crop of potatoes is free from 
bacterial ring rot, all the plants would need to be tested. Since this is obvi- 
ously impractical, a finite number of samples can be tested to obtain an 
estimate of the likelihood that a seed lot is clean or infected. Clayton and 
Slack (3) developed a sampling strategy based on visual field inspection 
and the probability of erroneously accepting a field with ring rot for cer- 
tification. An analogous strategy can be used for laboratory testing but 
rather than using the probability of erroneous acceptance (PEA), we can 
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use the probability of an infected plant being in the sample (PS). That is, 
PS = 1 - PEA. In both instances the probability is based on the binomial 
distribution and is a function of sample size and incidence of infection. The 
number of samples required to detect a given level of ring rot infections 
can be calculated by the Clayton-Slack formula for any given PS desired. 

The probability of detection (PD) is equal to PS, if the laboratory tests 
are perfect. However, it was noted previously that sensitivity and specific- 
ity of immunofluorescence were less than 100 %. This kind of data is not 
available for ELISA. PD can be calculated to account for sensitivity (SE) 
and specificity (SP) by the formula: PD -- PS(SE) + (1-PS) (1-SP). 

The number of plants sampled has a direct bearing on the confidence 
with which ring rot is detected at a particular incidence. Although it would 
be desirable to detect a very low incidence of ring rot with a high degree 
of confidence, the number of samples required becomes unrealistically high. 
It may be more pertinent, therefore, to ask what level of ring rot can be 
detected with a preset sample size at say a 95% confidence level. A practi- 
cal sampling strategy might involve taking 1600 petiole samples toward the 
end of the growing season. The samples could be tested in composite lots 
of 400 petioles, providing four composite samples to be tested by ELISA. 
Any positive or suspect samples could be further tested by immunofluores- 
cence. Supposing that in this hypothetical example, test sensitivity and speci- 
ficity were both 100%, then a disease incidence _ 0.187 % would be detected 
with 95% confidence. 

What level of incidence do we need to detect? For the sake of argu- 
ment let us say we want to detect ring rot if there is one infected tuber in 
a seed lot used to plant one acre of potatoes. About 15,000 plants can be 
planted per acre, and requires about 3750 seed tubers if four seed pieces 
were cut per tuber. During the cutting and planting operation the inocu- 
lum from the infected tuber would be spread to additional seed pieces. A 
conservative estimate might be that the inoculum spread from each seed 
piece to four other seed pieces. Thus one might expect 20 diseased plants 
per acre or 0.13 %. Actually 2300 plants would have to be tested to detect 
an incidence of 0.13 % at the 95 % level of confidence. 

If the incidence of ring rot can be considered uniform throughout a 
field, the number  of samples required would be the same regardless of the 
size of the field because the calculations are  based on sampling from an 
infinite population. This condition is met when potato fields at single lo- 
cations are planted with the same seed source. If fields are planted with 
seed from several sources, a stratified sampling approach could be made 
as discussed below. 

Sampling Strategy 
The probability of detection and required number of samples is based 

on obtaining a representative sample from the entire population of plants. 
To obtain a completely random sample from an entire field is impractical. 
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It would similarly be impractical to obtain samples uniformly from through- 
out the entire field. 

A more practical appraoch may be to sample the field in a cross pat- 
tern, either cross-wise from corner to corner of the field (St. Andrew's cross 
pattern), or along and across rows (St. George's cross pattern). Another 
approach would be to sample along a group of randomly selected rows. 
For example, four rows could be selected at random from the total num- 
ber of rows and then plants selected at equal distances along the selected 
and adjacent rows starting from a random point within the first selected 
row. This is a form of two stage cluster sampling with random selection 
in the first stage and systematic sampling with random starts in the sec- 
ond stage. 

The preceding strategies assume a random dispersal of ring rot plants 
in the field. If  for any reason, ring rot was deemed more likely to be pres- 
ent in one part of the field than another a stratified sampling approach could 
be used. If  suspicion concerned only a few suspect plants, all of these could 
be sampled. Larger suspect areas could be sampled more intensively than 
the remainder of the field. The number of samples taken in each of the two 
areas of the field should be apportioned to maximize the probability of in- 
fected plants being present in the sample. A reasonable estimate would have 
to be made as to the likely incidence of ring rot in the two portions of the 
field. 

Conclusion 

It has been shown that laboratory testing is a more precise approach 
for detection of bacterial ring rot than field and bin inspection. In this pa- 
per we have discussed various aspects of a scheme for laboratory testing. 
In summary, one possible scenario is to sample potato fields once during 
the latter part of the growing season. Composite samples of lower leaf petioles 
would be collected and subjected to two serial tests - ELISA and im- 
munofluorescence. Some aspects of this approach to ring rot testing have 
already been used in actual practice, others only have been investigated 
in field plot experiments. Nevertheless, a foundation has been laid for utiliz- 
ing the newest technology for improved ring rot detection. 

The results of laboratory tests can provide statistically valid informa- 
tion about the disease status of a potato crop. Zero tolerance can only be 
applied in this situation in the sense that when a laboratory test result, or 
visual inspection, is positive for ring rot, the potato lot cannot be certified 
for seed. A negative test does not imply a 100% certainty that the seed lot 
is ring rot free, but rather provides a confidence measure based on sample 
size. 
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