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Blackleg, aerial stem rot (aerial blackleg) and tuber
soft rot of potato

Potato Pathology Update
Noah Rosenzweig
Department of Plant, Soil and Microbial Sciences
Michigan State University
rosenzw4@msu.edu

•

Dickeya spp. and Pectobacterium spp. are commercially important
seed-borne soft rot bacteria that cause aerial blackleg of potato

•

Aerial and lower stem blackleg emerged as an important disease of
potato and have increased in prevalence in certain European
countries and Israel

•

Direct crop loses primarily occurs is cases of downgrading or
rejection of seed by certification programs

•

The disease has not been a major issue in the US until a recent
outbreak during the 2015 growing season

•

In 2015 a wet June resulted in a high incidence of aerial stem rot in
parts of Michigan

North American Dickeya Outbreak

What caused the 2015 Dickeya outbreak?
• Dickeya had probably been present in seed for at least a
few years.
• Rain in 2013 and 2014 spread pathogen, but cool
temperatures caused latency.
• Warmer temps in 2015 on commercial farms resulted in
significant outbreak.
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Blackleg, aerial stem rot (aerial blackleg) and tuber
soft rot of potato

• Multiple Pectobacterium and Dickeya species are
present in US commercial and seed potato production.

• Multiple Dickeya species appear to be present in
US potatoes:

• Multiple Pectobacterium species are endemic in US
potatoes including:
•

P. atrosepticum

•

P. carotovorum subsp. carotovorum

•

P. carotovorum subsp. brasiliense

•

P. carotovorum subsp. odoriferum

•

P. wasabiae

•

D. dianthicola which appears to be the most common and the
most damaging.

•

D. dadantii

•

D. chrysanthemi

• Dickeya solani Aggressive soft rot species,
emerged in Netherlands and Not yet reported in
North America
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Dickeya and Pectobacterium infect many plant
species

Dickeya and Pectobacterium don’t appear to thrive
on legumes or small grains
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Blackleg, aerial stem rot and tuber soft rot of
potato

• •Dickeya dianthicola:
•

Likely present in potatoes for past few years

•

Not previously widespread in US potatoes

•

Causing significant losses in some regions

• Pectobacterium and Dickeya cause similar symptoms
which leads to significant challenges in detection,
epidemiology and breeding for tolerance/resistance
• D. dianthicola detection by PCR is available and reliable

Seed potatoes and plants can be tested with
PCR assays for Dickeya and Pectobacterium

C. Hollingsworth

Dickeya has been found in multiple US states and
CA provinces

Florida
Idaho
Indiana
Ohio
Ontario
Maine
Michigan
Minnesota
Maryland

New Brunswick
New Jersey
New Mexico
New York
North Carolina
North Dakota
Pennsylvania
Texas
Wisconsin
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Disease symptomology

Disease symptomology

• Early symptoms include: Upper leaf curling and wilting.
• Blackleg symptoms are typically at the base of the stem.
• Only one stem from a tuber may show blackleg
symptoms.
• The bacteria may decay the pith and cause the stem to
be hollow.
• The xylem will turn dark brown.
• D. dianthicola compared to Pectobacterium: Stems are
slightly browner; stems are slimier, but hold together
when pulled from ground; tubers are less likely to rot in
storage, although they will decay in the field and fewer
bacteria are required to initiate disease
A. Charkowski
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Management at planting

Management at planting

Plant certified seed and check health certificate tag
Whenever possible use limited generation seed.
Separate seed lots.
Sanitize cutting and planting equipment between seed
lots.
• Store seed at appropriate temperatures prior to planting
(38-40°F).
• Maintain airflow in storage (CO2<3000 ppm).
• Temperature, CO2 and relative humidity (RH) sensors
should be used and monitored.

• Warm seed prior to planting.
• Seed and soil should be approximately the same
temperature (50°F).
• When using cut seed, allow the cut seed to heal at least
two days in storage with high humidity and proper air
flow.
• Treat seed with a sanitizer while cutting.
• Avoid susceptible varieties (e.g. Lamoka).
• Eliminate drops greater than a few inches to prevent
bruising.

Disease management and problems at planting

Other considerations at planting

•
•
•
•

• Any lot may be a source of soft rot contaminated seed or
other diseases.
• Soft rot pathogens thrive under low O2.
• H2O condensation on cold seed promotes soft rot.
• Proper healing will reduce seed decay because bacterial
pathogens are unable to penetrate wound barriers.

A. Charkowski

Management during the growing season
• If disease incidence is high, samples should be sent to a
diagnostic clinic (e.g. MSU Diagnostic Services) for
confirmation and to rule out other treatable diseases.
• Copper applications after severe rain/hail event may
reduce disease severity.
• Over-watering can increase disease severity and my
help in spreading the disease in the field.

Disease management and problems during the
growing season

• Dickeya and
Pectobacterium thrive in
water and low oxygen
• Over-irrigation or
excessive rain will
spread Dickeya and
Pectobacterium.

• If possible, prepare field
to avoid excessive water
in field.
A. Charkowski
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Other considerations at during the growing season
• Once aerial stem rot and blackleg is initiated there is no
curative treatment for infected plants.
• Aerial stem rot and blackleg can occur during the
growing season from mechanical/insect damage, high N
levels or storm damage.
• The relationship between incidence of aerial stem rot
and blackleg with tuber decay is unknown.
• Dickeya and Pectobacterium can spread after severe
storms

Disease management and problems at harvest

Management at harvest
• Tuber condition does not improve during harvest.
• Tuber soft rot pathogens will take advantage of
vulnerabilities during harvest.
• Soft rot pathogens can’t enter healed wounds.
• Eliminate drops greater than a few inches to prevent
bruising and wounds that favor soft rot and to maintain
tuber quality.
• Harvest when pulp temperatures are around 60°F.
• Avoid open foam rollers on equipment that can harbor
and spread pathogens.
• Sanitize equipment between lots.

Other considerations at harvest
• If crop looks good going into storage, it will likely not
decay in storage due to Dickeya
• But, the bacteria will likely cause disease and spread the
next year if these potatoes are planted.
• Dickeya may leave a farmer with nothing to harvest or
Tubers may store well, even if infected with Dickeya.
• May depend on temperature during growing season.

A. Charkowski

Management in storage

Disease management and problems in storage

• Proper healing (curing) is essential in the first few weeks
of storage to reduce tuber soft rot as well as diseases in
general.
• Favorable temperatures (50-60ºF) should be maintained
in storage that promotes wound healing coupled with
good airflow to promote adequate O2 and RH will reduce
disease spread and incidence.
• If soft rot is diagnosed determine if this is the primary
disease or a secondary invader.
• Daily monitoring for high risk areas with elevated
temperature and/or moisture.
• Grade out rotten tubers prior to and removal from
storage-bin and storage
A. Charkowski
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Other considerations in storage

We can recover from this outbreak

• In the first few days in storage cells below wounds
suberize and form a corky layer that effectively stop soft
rot bacteria.
• Tubers with other diseases or physiological disorders are
susceptible to soft rot bacteria (e.g. ring rot, late blight,
pink rot, leak, dry rot, black heart, etc.).
• Warm temperatures and low O2 promote soft rot
bacteria.
• Cold temperatures will not kill soft rot bacteria (research
collections are stored at -112ºF).

• Good PCR tests for Dickeya are available.
• Identify seed lots with a high incidence of Dickeya and
remove these from the seed system.
• Survey seed lots to avoid another outbreak.
• PCR assays for Dickeya and Pectobacterium are
available.
• Test extracts from stem end of tuber, as with Clavibacter.
• Multiplexing Clavibacter and Dickeya assays is feasible,
and is being validated now.
• NFT irrigation water can be tested for Dickeya.
• Bacteria could be concentrated by filtration and tested
using available PCR assays. Currently validating this.

Summary

Extension bulletin
Extension Bulletin E-3335 • New • March 2016

• First step in effective disease management is
accurate identification and diagnosis.
• Testing is available for Dickeya and
Pectobacterium.
• Management practices for Dickeya and
Pectobacterium is the same and will also reduce
incidence of many other potato diseases.
• Further details:
http://labs.russell.wisc.edu/potato-blackleg/,
http://potatodisases.org

Additional information
• MSUE extension bulletin:
http://msue.anr.msu.edu/uploads/resources/pdfs/E3335_Tuber_Soft_Rot_WCAG_2.0.pdf
• University of Wisconsin-Madison potato blackleg
information website: http://labs.russell.wisc.edu/potatoblackleg/
• United States Department of Agriculture Animal and
Plant Health Inspection Service (APHIS) Dickeya
website:
https://www.aphis.usda.gov/aphis/ourfocus/planthealth/pl
ant-pest-and-disease-programs/pests-anddiseases/sa_nematode/sa_potato/ct_dickeya

Tuber Soft Rot, Blackleg and Aerial Stem Rot.
Noah Rosenzweig, Luke Steere, Ray Hammerschmidt and William Kirk.
Department of Plant, Soil and Microbial Sciences, Michigan State University.

Causal Organisms.
Dickeya spp. and Pectobacterium spp.

Introduction.
Tuber soft rot, blackleg and aerial stem rot are important
potato diseases caused by closely related species of bacteria.
More specifically, these diseases are caused by the bacteria
Dickeya spp. and Pectobacterium spp. (formerly classified in
the genus Erwinia). Dickeya and Pectobacterium can infect
many plant species, although they don’t appear to thrive on
legumes or small grains. Dickeya and Pectobacterium produce
enzymes that can break down the pectin of plant cell walls,
resulting in tissue maceration or decay. These diseases occur
sporadically in potato production areas worldwide. They can be
particularly destructive when environmental conditions favor
their development. Aerial stem rot and blackleg disease have
increased in prevalence over the past decade in some European
countries and Israel.

the growing season, at harvest and in storage to reduce the risk
of these pathogens. However, as with most potato diseases, an
integrative approach is important to reduce crop losses.

Tuber Soft Rot Symptoms.
Tuber soft rot caused by Dickeya and Pectobacterium on
infected potato exhibits small, cream to tan, water-soaked
surface spots that progress inward. This decay can expand
rapidly, resulting in rotting tissue that is mushy, slimy and water
soaked (Figure 1). Infected areas of the tuber can become puffy,
creating blister-like lesions that often ooze a watery substance.
Upon exposure to air, infected areas often turn brown or black
around the rotting area (Figure 1). Decay can occur rapidly
under moist conditions in storage due to the development
of a film of water resulting in anaerobic conditions in tubers
and thus predispose for soft rots. The bacteria that initiate the
disease are odorless, although secondary infection by other
organisms can cause an unpleasant odor.

Visually, Dickeya and Pectobacterium cause similar symptoms.
Therefore, lab-based diagnostics are important in specifically
identifying the bacteria that cause tuber soft rot, blackleg and
aerial stem rot. Symptom expression can also differ based on
environmental conditions. Wet conditions are conducive to
disease development, enabling these pathogens to aggressively
attack tubers and stems, causing significant crop losses.
The diseases caused by Dickeya and Pectobacterium result in
a reduction in plant emergence, plant health and overall plant
stand. The bacteria also cause losses in storage, transit and
marketing. All potato varieties are prone to infection, with some
varieties being more susceptible. Certain varieties can be stored
long-term with a reduced risk of tuber breakdown. Disease
management strategies can be employed at planting, during

Figure 1. Tuber soft rot: Rotting tissue is mushy, slimy and water soaked;
infected areas often turn brown or black around the rotting area upon
exposure to air. (Michigan State University)
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