
M
ultiple pathogens cause potato 
tubers to decay during the growing 
season or while in storage. These 

pathogens include the fungus that 
causes dry rot (fig. 1) and the fungus-like 
organisms that cause late blight (fig. 2), 
pink rot (fig. 3), and leak (fig. 4). Bacterial 
soft rot is primarily caused by two 
Pectobacterium species (formerly Erwinia) 
(fig. 5).

Any of these pathogens may colonize 
and potentially infect tubers in fields 
prior to harvest, but tubers often show no 
symptoms until they are stored for days, 
or even weeks. The use of methodologies 
to detect and quantify the colonization 
of tubers by any of these pathogens prior 
to harvest may aid in predicting crop 
storability and implementing effective 
storage conditions. It may also provide 
the means for a triage of fields or portions 
of fields, based on the potential for crop 
decay. Tubers with similar, lower levels 
of colonization could then be stored 
separately and managed differently 
from tubers carrying higher amounts 
of pathogens. Such an approach would 
provide storage managers with the 
opportunity to improve the scheduling 
of crop removal from storage facilities for 
processing or marketing.

Assessing the decay  
potential of potato crops

Figure 1. Dry rot (mainly caused by 
Fusarium sambucinum) gives tubers 
a cardboard texture. The pulp dries 
out and shrivels. It is common to see 
clumps of fungal mycelia growing 
in or on tubers. The disease is mainly 
associated with wounds and lesions 
caused by other pathogens or 
bruising.

Figure 2. Tubers infected with late 
blight (Phytophthora infestans) 
exhibit a characteristic reddish-
brown coloration accompanied 
by a granular consistency of tuber 
flesh.

Figure 3. Tubers infected with pink 
rot (Phytophthora erythroseptica) are 
soft and typically turn pinkish after 
30–60 minutes of exposure to the 
air. The pungent, sweetish vinegar or 
“Windex” smell associated with pink 
rot is easy to distinguish.

Figure 5. Soft rot (Pectobacterium 
carotovorum and Pectobacterium 
atrosepticum) causes a maceration 
of the pulp, with oozing of bacterial 
masses and dark coloration of tissues. 
The soft-rotting bacteria infect tubers 
through wounds, lesions caused by 
other diseases, or swollen lenticels in 
submerged tubers.

Figure 4. Leak (Pythium ultimum) 
causes the tuber tissues to turn 
black and exude clear water. A clear 
dark demarcation line separates 
healthy and diseased tissues.
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For this purpose, we developed a 
methodology based on the use of real-
time quantitative polymerase chain 
reaction (Q-PCR), a scientific method 
that can be used to identify and quantify 
DNA representative of each of these five 
pathogens in or on potato tubers (Atallah 
and Stevenson, 2006, Phytopathology 
96:1037–1045). Q-PCR is so precise that it 
allows for the quantification of fewer than 
five propagules (colonies and sexual or 
asexual spores capable of regenerating the 
organism) of each of the five pathogens.

Current methods
Potato processors and storage managers 
currently rely on field and grower histories 
to identify problem fields and to direct 
crops to (1) immediate processing in the 
case of heavy decay incidence, (2) short-
term storage (a few weeks), or (3) long-
term storage (up to one year). Decaying 
tubers are generally culled, and growers 
attempt to store only non-symptomatic 
tubers.

Optimal conditions for storage include 
high relative humidity exceeding 90% and 
temperatures of 44˚F–55˚F (7˚C–12˚C). 
Storage facilities with capacities as large as 
300,000 hundredweight, where susceptible 
tubers are piled up to 18 feet deep, 
provide ample opportunities for pathogen 
multiplication, tuber infection, and decay.

A new method
In a study of the distribution of these 
pathogens in typical pivot-irrigated 
commercial potato fields, we found a 
reliable and efficient way to estimate the 
pathogen loads in a field. Collecting tuber 
samples from within the ring formed by 
the third and fourth irrigation wheel tracks 
(fig. 6) provided reliable estimates of field-
wide pathogen distribution compared 
with collecting samples from the entire 
field. In addition to the ability to estimate 
pathogen loads across an entire field, a 
critical part of any sampling scheme is its 
efficiency of implementation. Acquiring 
samples from the whole field is both time- 
and labor-intensive. Hence, the ability to 
travel along the third and fourth wheel 
tracks and move easily between rows to 
reach each sample collection site is not 
only efficient but also a great improvement 
compared with sampling the entire field.

Obviously, the greater the number of 
sampling locations, the more time required 
to collect the samples. In comparing the 
precision of collecting three-tuber samples 
from 20 locations or from more than 20 
locations, we found that the precision 
gained by assessing pathogen load from 
more than 20 field locations is minimal. 
The probability of obtaining a pathogen 
distribution from 20 sites that is different 
from what is actually present in the field 
is less than 4 in 1000 and goes down to 1 
in 10,000 when 40 sites are sampled. From 
our experience, collecting three-tuber 
samples from 20 sites (60 tubers) within 
the described sampling area requires 
40–45 minutes, while collecting samples 
from 40 sites (120 tubers) requires 75–90 
minutes. All subsequent laboratory work, 
which includes sample processing, DNA 
extraction, and molecular quantification, 
requires 6–8 hours per field for 20–40 
samples of three tubers each, depending 
on the number of samples.

Figure 6. Diagram of a typical production field with 
overhead center-pivot irrigation. Three-tuber samples 
should be taken from 20–40 locations between the third 
and fourth wheel tracks (the shaded area). All tubers 
should be free of disease symptoms.

How are tubers 
tested?
Here’s what happens to tubers once they 
reach the lab:

1.  They are lightly washed.

2.  Washed tubers are juiced to obtain 
cellular material, which may be 
from the tubers themselves or from 
microorganisms present in or on 
the tubers.

3.  DNA is extracted and purified from 
the cellular material.

4.  The purified DNA is subjected to 
specific amplifications of genetic 
targets in each of the pathogens 
and in the potato host itself 
(meaning they replicate specific 
parts of the DNA of the pathogens 
and the tubers). The amplification 
mixture includes a fluorescent dye 
that tends to increase in intensity 
with the increased replication of 
the target DNA.

5.  A camera captures the fluorescence 
and provides a value that may be 
used to quantify the DNA.

6.  DNA amounts of the pathogen 
and the potato host are used to 
generate a ratio, which allows for 
comparisons among samples and 
fields.



How do I collect samples?
Follow these steps to successfully collect tuber 
samples for lab testing:

1.  Select one sampling location at random 
within the ring formed by the third and 
fourth wheel tracks of a pivot irrigation 
system.

2.  Dig three tubers from three separate 
plants that are not showing any disease 
symptoms. Do not collect flaccid or decayed 
tubers. Place all three tubers together in 
a plastic bag and label them with the field 
identification, date, and time of sampling.

3.  Walk 50 paces (about 150 feet) along the 
wheel track arc to the next sample location 
within the ring formed by the third and 
fourth wheel tracks.

4.  Repeat steps 1–3 for 20 sampling locations 
per field.

 *Note: If late blight is identified in the 
field, collect 40 samples. Staying within 
the ring formed by the third and fourth 
wheel tracks, collect 20 samples at 25-pace 
intervals (75 feet) toward the center pivot 
and then sample 20 new locations at 50-
pace intervals away from the center pivot.

5.  Place samples in a cooler as soon as 
possible.

6.  Contact a consulting lab equipped for 
molecular quantification of pathogens, 
such as Pest Pros Inc. in Plainfield, 
Wisconsin (www.pestprosinc.com or  
715-335-4046).

References to consulting firms 
in this publication are for your 
convenience and are not an 
endorsement of one company 
over other similar companies.

The number of sampled locations impacts 
not only the time spent collecting the 
required samples but also the cost 
associated with having the pathogen 
load quantified. Commercially, the cost of 
pathogen quantification is estimated at 
$75 per three-tuber sample, in addition to 
the cost of about $100 for collecting the 
samples in the field. The estimated cost of 
collection and evaluation for a typical 130-
acre potato field is from $12.50 per acre 
(20 samples) to $25 per acre (40 samples). 
The cost of collecting and evaluating 20 
samples per field is equivalent to the cost 
of one typical fungicide application made 
during the growing season.

Recommendations
As a general guideline, we recommend 
collecting 20–40 sets of three non-
symptomatic tubers from the ring between 
the third and fourth wheel tracks of a 
typical pivot-irrigated field. This method 
provides a highly representative estimate 
of the pathogen population throughout 
the field. In years of high rainfall or when 
late blight is observed in the field or 
in neighboring fields, we recommend 
collecting 40 sets of three non-
symptomatic tubers. Otherwise, collecting 
samples from 20 locations within the 
sampling area provides adequate reliability 
to separate loads from areas where decay 
is observed at harvest from others where 
no disease is observed. Fields with higher 
pathogen population levels should be 
handled carefully and either processed 
immediately or stored according to the 
known risk of decay.
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