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INTRODUCTION
Goss’s bacterial wilt and leaf blight of corn has been around for nearly fifty
years, but its historical spread and reemergence in the mid 2000’s is unique. Changes in
agricultural practices have been thought to play a role in the disease’s more recent
reappearance. While traditionally the disease has been restricted to Nebraska, it has
spread to encompass much of the Corn Belt region. The disease was first identified in
Nebraska in 1969 (Langemeier et al., 2017). Over the next decade, the disease spread
throughout the state, as well as to neighboring states, wherever susceptible varieties were
being grown (Vidaver et al., 1981). With its puzzling reemergence, Goss’s wilt soon
reached several states and Canada. To date, Goss’s wilt has been confirmed in
Colorado, Kansas, Iowa, Wyoming, North Dakota, South Dakota, Montana, Wisconsin,
Missouri, Minnesota, Oklahoma, Indiana, Illinois, Louisiana, Michigan, and Texas
(Langemeier et al., 2014).
Goss’s wilt has been known to go through periods of reemergence with certain
years seeing a more severe outbreak of the disease than others. From the disease’s first
discovery in 1969 and up until the mid 2000’s, Goss’s wilt outbreaks were seldom and
mainly occurred in instances where plants suffered injury (Langemeier et al., 2017). In
Nebraska, Goss’s wilt went unseen for several years before re-emerging. Since 2006, the
disease has been confirmed in more than 60 counties in Nebraska and has become more
important of a disease in other states, such as Iowa (Jackson-Ziems and Korus, 2012).
Goss’s wilt has worked its way eastward. The first submitted samples in Indiana
occurred in 2008, and with significant yield loss reported (Ruhl et al., 2009). By 2009,
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the disease had reached Texas and Minnesota (Ruhl et al., 2009). The southern states are
among some of the newest to see the disease. While only a few new states were being
added to the list over the years, a more serious outbreak caught the attention of farmers
in the Midwest. In 2011 Goss’s wilt was much more severe than in prior years
(Langemeier et al., 2017). Much of this outbreak is attributed to the weather conditions
of the growing season, which were favorable for disease development. In the next few
years, the disease was less prevalent, possibly because of drought conditions that
occurred.
The reemergence of Goss’s wilt, and the spread of the disease across the
Midwest, increased concern for finding tolerant hybrids. Before the reemergence of
Goss’s wilt, only a small percentage of seed companies focused on and advertised their
efforts for resistance to the disease. By 2011, at the height of the disease outbreak, nearly
all seed companies with customers in the impacted areas were disclosing resistance
ratings on the disease (Langemeier et al., 2017).
For the most part, Goss’s wilt has been more of an important disease in
Nebraska. It has been thought that some of the favoring factors of this region that
promote the disease’s development include the area’s sandy soils, since injury that
occurs from the blowing sand provides an infection route for the pathogen. The
extensive amount of overhead irrigation may also play a role (Biddle et al., 1990).
Responsible Pathogen
Goss’s bacterial wilt and leaf blight is caused by the bacterium Clavibacter
michiganensis subsp. nebraskensis (Langemeier et al., 2017). The pathogen is seed
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borne and seed transmitted and the bacterium can over-winter in surface corn debris
(Jackson et al., 2007). The pathogen not only affects maize, but other grasses and crops
such as sugarcane and sorghum.
The bacterium’s ability to survive on surface corn residue is a key component in
the disease’s spread. In conservation practices where tillage is reduced or eliminated,
the presence of crop residue on the surface increases favorable conditions for Goss’s
wilt. Cropping systems that implement continuous corn are also likely to create
favorable conditions for the disease since infected residue could still be present. Infected
residue can transfer to the new crop since the pathogen can survive on the soil surface
for up to ten months (Jackson et al., 2007).
Infected residue can include nearly all parts of a corn plant: roots, leaves, and
stalks. These infected corn residues are the most common source for Goss’s wilt (Biddle
et al., 1990). Certain factors are thought to increase the pathogen’s spread from infected
residue onto growing plants. Pathogen spread and infection has been known to increase
with plant injury from storm damage, which could be the result of wind, hail, rain, or
blowing sand. The spread of Goss’s wilt is not known to be associated with insects
(Mallowa et al., 2016).
While Goss’s wilt does increase with plant injury, it is still possible for it to
develop without severe wounding to the plants (Mallowa et al., 2016). In some
scenarios, Goss’s wilt symptoms have appeared in fields where plants showed no signs
of injury. The occurrence of Goss’s wilt symptoms following no known injury indicates
that infection may still occur because of natural openings (Mallowa et al., 2016).
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Weather conditions are another component in disease development for Goss’s
wilt. Periods of wet weather and high relative humidity enhance the disease’s
development. Hot, dry weather, like that of drought years, tends to hinder the disease’s
development (Jackson et al., 2007). The ideal temperature for development once the
infection has already occurred is 80 F (Jackson et al., 2007).
Symptoms
Goss’s wilt is the general name used when addressing the disease, however, there
are two distinct phases. Symptoms consist of both a wilt phase and a leaf blight phase.
The most common of these phases is the leaf blight, which is known for its streaking and
water-soaked appearance (Jackson et al., 2007). Lesions associated with Goss’s leaf
blight are usually long, one to several inches, and are a gray-green or tan color. The
lesions can expand and become quite large and may be located on leaf margins, or
associated with wounds, and follow the leaf veins (Jackson et al., 2007). One key
characteristic with these lesions is that they have wavy margins, rather than a straight
edge.
Another symptom often looked for with the leaf blight phase is the appearance of
water soaked spots. These spots show up as dark green to almost black in color. The
water soaked spots, often referred to as freckles, appear within the affected area of the
leaf. The freckles associated with Goss’s wilt are even more evident when the leaf is
held up to the sun (Jackson-Ziems and Korus, 2012). The location of the freckles is
important as they can be easily confused with saprophytic fungi, which are often found
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on dead plant tissue. When held up to light, saprophytic fungi will still look dark while
Goss’s wilt freckles will appear illuminated (Jackson-Ziems and Korus, 2012).
A distinguishing sign of Goss’s leaf blight phase is the shiny appearance of the
lesions. This shiny appearance is the result of bacterial exudate on the leaf surface
(Jackson et al., 2007). When dry, the bacterial ooze leaves a shiny film on the surface. A
shiny film and presence of bacterial ooze is a strong indicator of Goss’s wilt.
When disease is severe, foliar lesions may progress, killing parts of the canopy.
This blighting is sometimes confused for drought stress (Jackson et al., 2007). In
addition to confusion with abiotic symptoms, Goss’s wilt shares some similarities with
other foliar diseases. Goss’s wilt is easily confused with northern leaf blight and
Stewart’s wilt because of their similar lesions (Robertson and Jesse, 2008). Stewart’s
wilt, which is a bacterial disease as well, is also recognized by its water soaked
appearance (Jackson et al., 2007).
In the wilt phase, the pathogen infects the vascular system and plants often wilt
and die. Infected plants have discolored xylem tissue, more of an orange or brown color,
which is a result of the bacteria moving through the plant (Jackson et al., 2007). These
infected plants may also display a stalk rot that makes the plant appear water soaked
(Jackson et al., 2007). While this phase can occur at any growth stage, it is most
common in the seedling stage.
Goss’s wilt negatively impacts yield due to reduced stands and plant vigor. The
disease also reduces grain quality and yield as a result of weakened plants. Both the leaf
blight and wilt phases impact yield, however, much of the yield loss caused by Goss’s
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wilt is more often the result of the leaf blight phase (Jackson et al., 2007). Yield loss as a
result of Goss’s wilt can be significant. In experiments with inoculated trials, yield loss
was as much as 44% (Carson and Wicks, 1991). Yield loss will vary depending on the
susceptibility of the hybrid (Jackson et al., 2007).
Management
Since Goss’s wilt is caused by a bacterium, fungicides will not aid in preventing
or managing disease spread, and other steps to reduce the disease will be critical.
Perhaps one of the best management options for Goss’s wilt is selecting resistant or
partially resistant hybrids (Robertson and Jesse, 2008). In a study comparing
environmental and agronomic factors from fields with confirmed Goss’s wilt samples,
the resistance rating of the hybrid being grown was one of the most crucial factors for
the presence of the disease (Langemeier et al., 2017). A hybrid that is known or rated as
susceptible to Goss’s wilt should not be used in areas where the disease is present.
Selecting a partially resistant hybrid may be more beneficial for areas where the disease
is already established or has a history. There are no hybrids available that are resistant,
or fully immune, to the pathogen. The inability to develop an immune hybrid is due to
the fact the pathogen can still cause infection through wounds (Mbofung et al., 2016).
Hybrid selection may also be the best answer in no-till or reduced tillage
operations where Goss’s wilt is a threat. In these conservation tillage practices, burying
the residue is not achieved, rather the residue is left on the soil surface for various
advantages. The adoption of a crop system that rotates away from corn for a year may
also lessen the risk of disease. Goss’s wilt also appears to be more severe among higher
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planting populations where the closeness of the plants favors pathogen spread
(Langemeier et al., 2017).
Proper weed management is an additional management strategy for reducing
Goss’s wilt as some weeds serve as a host for the bacterium. Some of these additional
hosts include the foxtail species, shattercane, and barnyard grass (Jackson et al., 2007).
Ensuring that susceptible weeds like the foxtail species are being managed in the field is
crucial, even when incorporating a crop rotation, as the pathogen can survive on these
weed species and infect the following year’s corn crop (Langemeier et al., 2014).
TOPIC SELECTION
I chose to develop my creative component on the impact of Goss’s bacterial wilt
and leaf blight and how to identify and manage the disease in the field. I selected this
disease because I feel that in Illinois, Goss’s wilt is not necessarily considered a common
disease as it has not repeatedly caused severe damage. Specifically, in my region of west
central Illinois, more widely recognized foliar diseases would be gray leaf spot, northern
leaf blight, and common and southern rusts. There is more awareness and more
information available on these diseases and thus these diseases are much more
identifiable.
My first realization that there was a need for a learning module came to me while
taking disease notes as part of my research position. My work with corn foliar diseases
consists of scouting for opportunistic notes, collecting data for specific disease
monitoring sets, and rating diseases within specialized trials. My background with plant
pathology was limited and so my current method for identification was a print out or
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“cheat sheet” for certain diseases, as well as a corn and soybean field guide.

It did

not take long for me to realize that I would benefit from a little more information and
training. I quickly found that with my inexperience it was difficult to distinguish among
foliar diseases simply from looking at one picture and a brief description. In some
scenarios, the images were not matching up exactly like the symptoms I was seeing in
the field, and sometimes the similarities among diseases were causing uncertainty. Upon
submitting leaf samples for disease confirmation, I learned I had found a disease that
was not included on my cheat sheet. It became clear to me that there could be other
diseases present that I was not identifying because they were not as common.
My specific interest for Goss’s bacterial wilt and leaf blight stemmed from
experience with disease ratings. I recently became responsible for the disease ratings of
our programs material in the Goss trials near Huxley, Iowa. I had never seen Goss’s wilt
before and had no knowledge about the disease but was interested in improving my
disease identification skills and rating scale. I learned that this disease was more
prevalent in Nebraska and western Iowa, and had indeed reached to other states,
including Illinois. I noted a shared unfamiliarity with Goss’s wilt among fellow
coworkers, especially those of us with fewer years in the field. It became obvious to me
at this point that a learning module focusing on Goss’s wilt would be beneficial for those
in the agronomy field.
Goss’s wilt has been found in the region I live and work in, but the outbreaks
have been limited and therefore have not created much concern. Since economically
important diseases vary from year to year, there is a threat that Goss’s wilt may become
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important in west central Illinois. A learning module focusing on Goss’s wilt serves as
an educational resource for a disease that is not currently well recognized in this region
for farmers and others, like myself, who are new to the agronomy field.

WHY A LEARNING MODULE
I found the learning module style to be very fitting for a project focusing on
Goss’s wilt. There is not only a need to promote awareness, but also to inform of the
threat of Goss’s wilt to those who have not experienced the disease, or are not located in
regions where the disease has been as severe. A learning module has the capability to
spread awareness of Goss’s wilt and educate others of its potential impacts on yield. I
specifically liked the idea of a learning module because it was a means of compiling
images and symptoms for correctly identifying both the leaf blight and systemic wilt
phases of the disease. Additionally, a learning module serves as resource that can cover
every aspect of the disease in one convenient spot.
The learning module is also a good fit for spreading awareness of this disease
because it has the capability to reach a large audience across various regions. Those most
experienced or familiar with Goss’s wilt are usually located in regions where outbreaks
have been numerous and severe. Individuals who were already employed in the
agronomy industry, or even students studying at the time when Goss’s wilt was first
identified have more familiarity with the disease. In my opinion, it’s those of us who are
not familiar with the history of Goss’s wilt, nor are in the Nebraska region, that lack the
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necessary information about the disease. A learning module reaches every region and
age group of agronomy professionals.
Goss’s wilt is a significant disease and a learning module that covers every
aspect of its identification and management is urgently needed. Since management
options consist of hybrid selection, rotation, and tillage rather than fungicide, it is even
more crucial that agronomy professionals and farmers alike are able to identify the
disease and plan accordingly. Goss’s wilt is a serious issue when not addressed, and the
disease has shown that it can occur throughout the Corn Belt and so more information
about the disease is warranted.

ABOUT THE LEARNING MODULE
My approach to making this learning module successful was to cover the entire
story of Goss’s wilt. The learning module serves as a complete resource for information
on the disease. It is unique from a simple disease guide in that it contains more detail on
symptoms, accompanied with additional images and distinguishing characteristics from
similar diseases. It covers the history of the disease including its spread and
reemergence, and highlights its significance as a disease of concern. Most importantly, it
is unique in that not only does it aid in identification, but also in management decisions
and hybrid selection.
My goal for the learning module was that it would provide complete coverage of
Goss’s wilt. It needed to provide adequate information for a better understanding for
those unfamiliar with the disease. To accomplish this, the learning module first draws
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attention to the significance of the disease and its historical patterns. By covering the
spread and reemergence of the disease, it reiterates the fact that it can be a disease of
concern for many regions and states, and will probably continue to be so.
The module sheds light on the responsible pathogen, revealing key information
as to how it is disseminated, how it survives, and infects the plant. This portion of the
module provides a better understanding of the how’-s and why’-s of Goss’s wilt. It also
helps identify why we may be seeing Goss’s wilt in more areas and explains some of the
reasoning behind its reemergence.
From here the learning module focuses on identification. Providing the
knowledge to be able to identify and recognize symptoms of Goss’s wilt is perhaps one
of the most important components of this learning module. This portion is broken down
into lesions, freckles, and differentiating Goss’s wilt from similar looking diseases and
abiotic symptoms. Both the leaf blight and systemic wilt phases are addressed as the wilt
phase is often overlooked or missed as it is not as common.
The identification section includes a complete description of the symptoms;
calling attention to specific colors, sizes, and shapes. Also, included in this portion are
images and descriptions of other lesion shapes to help with differentiating among lesion
terminology. Lesion symptoms are often described with terms like cigar shaped,
elliptical, straight edged or rectangular and so this piece gives a visual representation of
what those lesions should look like.
Another beneficial piece of the identification process in this learning module is
differentiating symptoms from other diseases and/or stress factors. Goss’s wilt is known
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to be easily confused with other diseases and even mistaken for abiotic symptoms like
drought stress, so this is another way to ensure one knows what is being seeing in the
field. A side-by-side comparison of Goss’s wilt and Stewart’s wilt, the disease it is
mostly commonly confused with, helps establish the similarities and differences in a
visual manner. A second side-by-side comparison illustrates the similarities and
differences of Goss’s wilt with Northern leaf blight, a disease more commonly
encountered in Iowa and Illinois. The module not only tells the reader what to look for,
but provides advice on avoiding misidentification.
A portion of the module is dedicated to informing the reader on what impact the
disease has on the crop. This provides understanding of how yield is negatively impacted
and also illustrates the potential severity of Goss’s wilt when it occurs. This portion also
helps explain how yield impact can be increased or decreased based on factors such as
time and weather. This leads into favorable conditions that can help identify which fields
may be at risk for the disease, for example, if severe storm damage has occurred, there
may be more risk for Goss’s wilt.
A list of other known susceptible hosts is provided. This list of weeds and cover
crops reiterates the idea that proper weed management can play a large role in reducing
disease pressure, especially when other known contributors such as corn on corn and
reduced tillage practices are being utilized. Proper weed management includes
eliminating the known host weeds if they are found in the field. This includes timely
application of pre-emergence and post emergence herbicides. If cover crops are
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implemented, avoiding a known host like ryegrass is best if that field has a history with
Goss’s wilt.
The last segment of the learning module focuses on management and hybrid
selection. A field guide generally provides a brief list of symptoms for identification.
However, knowing what steps to take once one has confirmed the disease is present is
just as crucial. Management options was a necessary point of interest as Goss’s wilt
cannot be controlled with the use of a fungicide. Reducing the risk for Goss’s wilt
requires planning and implementation of different farming methods and this portion of
the module addresses those options.
Since hybrid selection is one of the key management options to reducing Goss’s
wilt, a guide to understanding hybrid selection and disease ratings is pertinent. A simple
chart is provided to help interpret disease tolerance ratings and help growers understand
the tolerance of hybrids and if/when they should be planted.

VALUE OF THE MODULE
The value of this learning module is that it portrays Goss’s wilt as a relevant,
serious disease. It covers every aspect yet is easy to grasp for those with little to no
experience with the disease. It has value in that it serves as an educational piece whose
information is easily absorbed by its readers and audience.
The second measure of value in this module is that not only can it aid in
identification, but it can aid in management of the disease as well. Compiling all the
known environmental and agronomic factors that are associated with Goss’s wilt, gives
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farmers and agronomists a better idea of which conditions, or even which fields may be
at a higher risk.

SUMMARY
Goss’s wilt has the potential to be a serious disease in several regions within
North America where corn is grown. Agricultural practices play a role in the spread and
reemergence of the disease. Proper identification of the disease is just one step in
reducing one’s risk of encountering Goss’s wilt. Goss’s wilt has proven to be tricky
when it comes to identification and thus it is crucial for those in the agronomy field to
have an adequate understating of identification and of how the disease works.
Management of the disease is not as simple as implementing a chemical application, so
planning for hybrid selection, crop rotation, and tillage can all be game changers in
reducing disease pressure.
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Personal Background
Grew up on family farm near Fairbank, Iowa
Dairy cows
Corn, soybeans, oats, & alfalfa
Currently live in Monmouth, IL

Education
Upper Iowa University
Fayette, Iowa
B.A. Agricultural Business
Minor: Earth Science
Junior year I realized I wanted to focus
more on crops and that led me to the
M.S. Agronomy program at Iowa State

Figure 1: Family farm near Fairbank, Iowa courtesy of Darcy
Kroemer (2017).

Work Experience
Monsanto – Agronomic Research Specialist
North America Field Testing and Operations

Monmouth, IL
February 2015 – present
Corn & Soy
Planting and harvest of research plots
Plot management and data collection
Seed processing and packaging

Independence, IA
October 2012- January 2015

Figure 2: Research plots in Monmouth, IL
courtesy of Darcy Kroemer (2017).

Work Experience
Monsanto – Monmouth, IL Research Farm
480 acre research farm
Plot tours
Breeding nursery

Figure 3: Aerial view of the research farm courtesy of Ryan
Whitehead (2017).

Corn / soy yield trials
Crop physiology group
Specialized trials

Figure 4: Aerial view of the breeding nursery courtesy of Ryan
Whitehead (2017).

Location
Yield Trial Testing
Footprint
West Central Illinois:
1 site in NE Missouri
Primarily east of
Mississippi River & south
of I-80
Opportunistic disease
notes / ratings
Figure 5: Testing footprint for the Monmouth, IL Monsanto site. Map created with
PinMaps. (PinMaps, 2017).

Need for a learning module
Goss’s wilt is not commonly
recognized in west central Illinois
More emphasis / information on
Common and Southern Rusts
Northern corn leaf blight
Gray leaf spot
Goss’s Wilt is known as more of a Western Corn Belt disease
but….

Could Goss’s Wilt be problematic for this region?
Figure 6: Illinois regions map
(Wikimedia, 2018)

Need for a learning module
Quality data collection is impacted by scouting, accurate notes and
proper disease identification and ratings
Realized there were diseases I couldn’t identify
Became involved in Goss’s ratings in Huxley, IA and developed an interest
in its history and potential

I wanted to create a better resource for identification of Goss’s
wilt and inform others of its potential
Solution: Goss’s Wilt learning module!

Introduction
What is Goss’s Bacterial Wilt and Leaf Blight?
Serious disease impacting corn
Also impacts sweet corn, popcorn, and sorghum

Caused by the bacterium Clavibacter
michiganensis subsp. nebraskensis (Jackson et
al., 2007).

Can occur as a vascular wilt or a leaf blight
First identified in Nebraska in 1969 (Langemeier
et al., 2017).

Since then, has gone through periods of
reemergence and spread throughout the
Midwest

Figure 7: Leaf blighting caused by Goss’s wilt
(University of Nebraska-Lincoln, 2009).

Introduction: On the Map
Goss’s wilt has been
confirmed in 18 states:
Nebraska
South Dakota
Colorado
Kansas
Iowa
Wyoming
Minnesota
Wisconsin
Illinois

North Dakota
Texas
Indiana
Michigan
Montana
New Mexico
Oklahoma
Missouri
Louisiana

(Langemeier et al., 2014)

The disease has also
spread into Canada:
Alberta
Manitoba
Ontario.

Introduction: Risk Area
There has been a significant shift in
areas known for a higher risk of
Goss’s wilt
The Nebraska region has historically
been a high risk area
New extended range spreads further
south and eastward covering Iowa
and the northern half of Illinois

Goss’s Impact East of the
Mississippi River:
The University of Illinois Extension
reported that 30 counties in Illinois
had confirmed samples of the
disease during the 2011 season, the
largest outbreak to date. (University
of Illinois Extension, 2013).

Reemergence
Since first discovered in 1969, Goss’s
wilt spread throughout Nebraska and
into other surrounding states
Seen as a minor problem as these cases
were sporadic

The disease reemerged in 2006 and
since then almost every corn producing
state has reported Goss’s Wilt
(Langemeier et al., 2017).
2011 was a severe year for Goss’s
development across the Corn Belt

So why did Goss’s Wilt reoccur
after being absent for so long?
A change in agricultural practices?
Reduced tillage / conservation tillage
Irrigation systems
Continuous corn cropping practices
Many popular commercial hybrids
susceptible to the disease

Confirmed Sample in the Area
August 2017: a suspected sample of
Goss’s wilt was sent in to a diagnostics
lab – sample tested positive
Found in yield trial field in close proximity to
Monmouth, IL
Upper portion of canopy
Very small percentage of field infected
Field conditions saw strong winds and blowing
sand/dirt in the spring when plants were V2-V3
stage
unusual weather events for this area

Figure 8: Goss’s wilt infected leaves
courtesy of Darcy Kroemer (2017).

Responsible Pathogen
Goss’s wilt is caused by the bacterium Clavibacter
michiganensis subsp. nebraskensis
What you need to know about the responsible
pathogen:

Seed born and seed transmitted
Plant parts including leaves, roots, stems and
seed can carry the pathogen
Can over-winter in corn debris
Can survive on the soil surface for at least 10
months where there are infested corn plants
(Jackson et al., 2007).

Does not need plant injury to develop

Figure 9: Corn stubble
(Wikimedia, 2018)

Disease Cycle
Goss’s Wilt can infect plants by:

Three factors must be present for
disease to develop:

Via airborne inoculum due to storms /
rain and enters leaves through natural
openings or wounds left by sand
blasting, wind, or hail (Mallowa et al.,
2016).

Bacteria can enter seedlings via the
root system
Bacteria is seed borne from the year
before

Figure 10: Plant disease triangle
(Wikimedia, 2018).

Favorable Conditions
Reduced tillage practices
Since bacteria overwinters in crop residue

Continuous corn practices
Especially if disease has been an issue before

Damaging wind and hail, ‘sandblasting’
Infection is increased through injury to the plants

Enhanced in conditions of wet weather and
high relative humidity
Ideal temperature for disease development is
between 72 and 80 degrees (Jackson et al.,
2007).

Figure 11: Sand blasted corn plants
(Larson, 2011).

Crop Impact
The wilt phase can lead to stalk rot and early
plant death
Leaf loss

Timing is important!
Early infections = greatest yield loss
Late season infections = little impact

Degraded stalk quality
Reduced stand and vigor
Reduced yields
Early disease development can lead to yield losses
of more than 50% (Jackson et al., 2007).
Most common damage is the result of the leaf
blight stage where premature death is possible

Weather conditions can hinder or
encourage disease development
and thus play a major role in
potential yield loss

Scouting

Pay special attention to high risk fields:
After heavy storms, high winds, or any event
that injures the plant

Best time to scout: VE to R6 stages –
disease can develop any time during
the growing season and at any
growth stage

If a susceptible hybrid was planted
If there is a high amount of corn residue on
the surface

Disease starts in the middle to
upper canopy
Lesions are most obvious after
silking

Figure 12: Sand blasting injuries (Larson, 2011).

Identification: Breakdown of the two Phases
Goss’s Bacterial Wilt and Leaf Blight - Commonly referred to as just “Goss’s
Wilt” actually has two different phases:
Systemic Wilt Phase:
Not as common as the foliar
leaf blight
Bacteria infects the vascular
system of the plant
Xylem tissue will be discolored
Presence of a slimy stalk rot
Wilting and death of plants
Can occur anytime during the
season
Figure 13: Premature death and wilting (University
of Nebraska-Lincoln, 2009).

Systemic Wilt Phase
In the systemic wilt phase bacteria builds up, interfering with the plant’s ability to
move water to other areas of the plant where it is needed.

Figure 14: Infected stalk with discolored vascular
bundles (University of Nebraska-Lincoln, 2009).
Figure 15: Cross section of a stalk with discoloration
in the vascular bundles (University of NebraskaLincoln, 2012).

Leaf Blight Phase
Leaf Blight:
The most commonly observed
symptom
Corn plants will exhibit lesions
on the leaves
Water soaked streaks
Bacterial exudate
Can be confused with other
diseases and even other stress
symptoms
Figure 16: The lesion surface in the leaf blight stage (Wise,
2008).

Identification: Lesions
Goss’s Wilt lesions:
•
•
•
•

What is a lesion?
Localized area of diseased tissue
Characterized by color and
shape

Long
Large
Gray-green to tan in color
Wavy margins
Elongated
lesions with
wavy margins
and shiny
appearance

Figure 17: Goss’s lesion courtesy of Darcy
Kroemer (2017).

Figure 18: Wavy margins of a Goss’s wilt
lesion (Bradley, 2013).

Identification: Lesions continued
Lesions appear water soaked
Lesions may have a shiny film
Presence of bacterial ooze

Figure 19: Dried bacterial ooze (Friskop, 2015).

Bacteria “oozing” from infected leaves

Figure 20: Bacterial exudates on a Goss’s wilt lesion
(Bradley, 2013).

Identification: Freckles
Another key characteristic of Goss’s wilt is the
presence of freckles. Theses spots or flecks are
often water soaked and appear within the
infected area.

Figure 21: Freckles associated with Goss’s wilt
courtesy of Darcy Kroemer (2017).

Caution:
These freckles are different from
saprophytic fungi!
Fungi often found on dead plant
tissue
Black in color
Grouped or colonies

Figure 22: Saprophytic fungi on a corn leaf
courtesy of Darcy Kroemer (2017).

Identification: Freckles
Identification Tip:
The freckles associated with
Goss’s wilt will appear
transparent when held up to
light. Saprophytic fungi will
still look dark.

Figure 23:Illuminated freckles of
Goss’s wilt (Robertson, 2012).

Figure 24: Saprophytic fungi when
held up to the sun (Robertson, 2012).

Identification: Differentiating among lesions
Understanding other common lesions by size and shape
Gray Leaf Spot
Rectangular
Straight edge

Figure 25: GLS lesions courtesy of
Darcy Kroemer (2017).

Northern Leaf Blight
Elliptical
“Cigar shaped”

Figure 26: Cigar shaped lesion
courtesy of Darcy Kroemer (2017).

Eyespot
Small
Round

Figure 27: Eyespot of corn
(Robertson, 2009).

Identification: Similar lesions
While some of the more common lesions of other
diseases are unique in shape and color, Goss’s Wilt
lesions can still be confused with others.

Stewart’s Wilt
The lesions associated with Stewart’s wilt are
very similar to those associated with Goss’s Wilt.
The lesions are long, linear and have a wavy
margin.
Differences: Stewart’s can have a yellowish
border and the lesions are usually narrow.

Figure 28: Stewart’s wilt lesion (Stack,
2018).

Goss vs. Stewart’s Wilt: side-by-side
Goss’s Wilt

Stewart’s Wilt

Gray/green
lesions
Wavy margins
Water soaked
Dark freckles
Luminous when
leaves are held
up to sun
Bacterial “ooze”
on the leaves

Long, narrow
lesions not
more than ½
inch wide
Wavy margins
Yellowish
border

Figure 29: Goss’s wilt lesions courtesy
of Darcy Kroemer (2017).

Figure 30: Stewart’s wilt lesions (Stack,
2018).

Identification: Similar lesions
Northern Corn Leaf Blight (NCLB) is a common disease in the Midwest and
frequently found in fields in west central Illinois in the last few years. The lesions of
Goss’s wilt may also be mistaken for those of NCLB, especially the early stages of
its symptoms.

NCLB Northern Corn
Leaf Blight

Figure 31:
Northern corn leaf
blight lesion
(Mueller, 2015).

Goss’s wilt vs. NCLB: side-by-side
NCLB

Goss’s Wilt

Symptoms
usually appear
on the lower
leaves first
Lesions are a
gray or green
color early,
then turn tan
Canoe or cigar
shaped lesions

Gray/green
lesions
Wavy margins
Water soaked
Dark freckles
Luminous when
leaves are held
up to sun
Bacterial “ooze”
on the leaves

Figure 32: Goss’s wilt lesions courtesy
of Darcy Kroemer (2017).

Figure 33: Multiple Northern corn leaf
blight lesions (Mueller, 2015).

Misidentification
Symptoms associated with Goss’s Wilt are not only confused with other
diseases, but often confused with symptoms of abiotic disorders as well.

You could be seeing:
Drought stress
Nutrient deficiency
Chemical injury

Tip:
Sending plant tissue samples to a
diagnostic lab will help identify the cause
of the symptoms exhibited.
How to collect a proper leaf sample:
Collect fresh leaves that show infection
Submit several entire leaves that are good
examples of the disease in the field
Try to collect both early and severe symptoms

Management
Planting of resistant hybrids
Rotating away from corn production
Proper weed management
Limit sources of inoculum

Tillage to bury corn residue (when
available)
Pathogen can survive on residue, over
winter on corn debris

Reminder:
Goss’s wilt is caused by a
bacterium - so fungicide
is not an option.

Resistant Hybrids
Perhaps one of the most important management strategies is product selection.
Disease ratings for hybrids are provided by seed companies. These ratings should be
considered when making product selection, especially in corn-on-corn situations or in a field
with history of that disease.

Selecting a corn hybrid with high tolerance to Goss’s Wilt:

Corn hybrids often rated on a 1 to 9 scale
1 = “resistant” or excellent tolerance
9 = poor or very susceptible
Caution!
Ratings and scales can vary
among companies!

Disease Rating Terminology
Resistance: The plant
is able to restrict
growth and
development for that
specific pathogen
VS.

Tolerance: The plant
may still be infected by
the disease, but yield
will not be impacted
as there is no serious
damage

This is based off of a 1 – 9 scale with 1 being excellent and 9 being
poor tolerance. Ratings and scales can vary among seed companies.

Rating

Interpretation

7, 8, or 9

Not recommended where Goss's wilt has a history or in
continuous corn practices

6

Could be planted in continuous corn but not if following a
susceptible hybrid

4, 5

Could be planted with a continuous corn rotation but not
where there has been a previous known disease outbreak

1, 2, or 3

Could be planted with a continuous corn rotation or where
disease has been a known issue

Figure 34: A general interpretation of potential hybrid ratings for
Goss’s Wilt courtesy of Darcy Kroemer (2018).

Alternative Hosts
Some weeds serve as hosts for the bacterium Clavibacter michiganensis subsp. nebraskensis. Implementing
appropriate weed management can aide in limiting sources of inoculum.

Weed hosts:

Cover crops:

Foxtail species; giant,
green, & yellow

Annual ryegrass

Shattercane
Large crabgrass
Johnsongrass

Figure 35: Yellow foxtail (Wikimedia, 2018)

Summary
Goss’s Wilt has shown a trend to reemerge and spread into new areas
A change in agricultural practices that includes continuous corn and reduced tillage
creates a favorable environment for the disease in a large region of the U.S.
Yield loss from Goss’s Wilt can be significant
Fungicide is not a management option, so hybrid selection, crop rotation, and tillage
are key to reducing disease pressure
Identification is crucial as symptoms are easily confused with other diseases and
abiotic factors
Plan ahead!
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QUIZ: Identification and Management of Goss’s Bacterial Wilt and Leaf Blight in Maize
1. The responsible pathogen can survive on which plant parts?
a. Leaves
b. Roots
c. Stems
d. All of the above *
2. The systemic wilt phase occurs when?
a. Anytime during the growing season *
b. V2-V3 stage
c. Silking
d. V6 and after
3. Which of the following is NOT a characteristic of a Goss’s wilt lesion?
a. Green to gray color
b. Elongated
c. Straight edged *
d. Wavy margins
4. The shiny film present on leaves during the leaf blight stage is a result of ______?
a. Saprophytic fungi
b. Bacterial ooze *
c. Drought stress
d. Flea beetles
5. Goss’s wilt symptoms can be confused with ________?
a. Northern corn leaf blight
b. Heat Stress
c. Stewart’s wilt
d. All of the above *
6. The responsible pathogen can infect plants through _______?
a. Hail damage
b. Rain splashing
c. Sand blasting
d. All of the above *
7. Goss’s wilt was first discovered in which year?
a. 1979
b. 1969 *
c. 2006
d. 2011
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8. Which of the following is a potential factor in the reemergence of Goss’s wilt?
a. Cold, wet soils
b. Drought conditions
c. Continuous corn cropping practices *
d. Compaction
9. Which of the following is a management technique for reducing your risk of Goss’s wilt?
a. Plowing under of residue *
b. Use of fungicides
c. Improving soil drainage
d. Planting earlier in the season
10. A ________ hybrid may still be infected by a pathogen, but will result in no serious damage or yield
impact?
a. Immune
b. Susceptible
c. Tolerant *
d. Resistant
11. Goss’s wilt can also affect which other crop?
a. Sugar beet
b. Soybeans
c. Cotton
d. Sorghum *
12. Goss’s wilt was first reported in which state?
a. Nebraska *
b. Iowa
c. Illinois
d. Kansas
13. The responsible pathogen can survive on the soil surface of infested corn plants for____ months?
a. 2
b. 5
c. 10 *
d. 24
14. Which of the following is true about the freckles associated with Goss’s wilt?
a. They are found within the infected area
b. They appear illuminated when held up to sunlight
c. They appear water-soaked
d. All of the above*
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15. When are Goss’s wilt lesions most obvious?
a. 24 hours after a rain storm
b. In hot, dry conditions
c. After silking*
d. After tasseling
16. Which of the following is a good practice when submitting disease samples for diagnostic testing?
a. Submit several leaves with the disease*
b. Wrap leaves in wet paper towels
c. Submit dead plant material
d. Submit dissected leaves
17. Which of the following is a characteristic of Stewart’s wilt that is NOT generally associated with Goss’s
wilt?
a. Wavy margins
b. Yellowish border*
c. Long lesions
d. Fungi growth
18. In the systemic wilt phase, the __________ will be discolored?
a. Ears
b. Roots
c. Tassels
d. Vascular bundles*
19. The responsible pathogen for Goss’s wilt is ________?
a. Exserohilum turcicum
b. Pantoea stewartii.
c. Cercospora zeae-maydis
d. Clavibacter michiganensis subsp. nebraskensis*
20. Goss’s wilt has been confirmed in _____ U.S. States?
a. 3
b. 5
c. 10
d. 18*
21. Typically, Goss’s wilt lesions will first appear ___________?
a. In the lower canopy
b. Near the tassel
c. In the middle to upper canopy*
d. On the stalk

QUIZ: Identification and Management of Goss’s Bacterial Wilt and Leaf Blight in Maize
22. Early infections of Goss’s wilt can result in more than ______ % yield loss?
a. 50*
b. 30
c. 25
d. 10
23. _______________, a weed, is also a known host for the responsible bacterium?
a. Waterhemp
b. Foxtail*
c. Ragweed
d. Velvetleaf
24. True or false? The responsible pathogen for Goss’s wilt needs plant injury to develop.
a. True
b. False*
25. True or false? Goss’s wilt is enhanced in conditions of wet, humid weather.
a. True*
b. False
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