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Root Rot Diseases in the Upper Midwest: A Coordinated Approach  
to Combatting This Complex of Diseases

Ruth Dill-Macky, Dept. of Plant Pathology, U of M, St. Paul

Research Questions

The specific objectives for this project are to:
1)   Survey root disease incidence and severity in the three- 
      state region.
2)   Identify and characterize the fungal pathogens  
      associated with root diseases.
3)   Screen wheat lines for resistance to Common Root Rot  
      (CRR) and Fusarium Crown Rot (FCR).
4)   Develop effective methods for screening for resistance    
      against root rot pathogens.

Results

   1) We surveyed the spring wheat production area in each 
state in the 2012 cropping season for root diseases. In Min-
nesota 51 fields were systematically sampled as best as 
possible to ensure geographic coverage of the wheat pro-
duction region (see attached map). One hundred plants, 5 
plants from each of 20 locations, were collected from each 
field. Collected plants were washed under tap water and 
stored at 4°C until they could be processed. Significant lev-
els of Fusarium crown rot (FCR) were observed in the fields 
from which these collections were made thus we intend that 
our research will initially focus on FCR and the isolation of 
Fusarium species. In North Dakota plants were sampled 
from146 wheat fields across 43 counties (see attached
map). The GPS coordinates of all fields sampled were re-
corded. In each field, 2 to 32 plants were pulled out and 
their root systems were washed under tap water and the 
subcrown internodes (SCI) and crown tissues examined for 
symptoms. A rating scale of 0 to 4 was used to record the 
disease severity on SCIs, where 0, 1, 2, 3, 4 indicated 0, 
20%, 50%, 75% and 100% of SCI with visual discoloration, 
respectively. The average disease severity varied, with 
fields ranging from 0 to 4. The collected SCI and crown 
tissues with visible discoloration were stored at 4oC until 
the fungal isolations could be conducted. In South Dakota
samples were collected from 64 wheat fields covering 27 
counties (see attached map). Sampling locations covered 
both the spring and winter wheat growing regions in the 
eastern half of the state. Samples were collected from 15-
20 locations in each field with 5-10 plants sampled per loca-
tion. The GPS coordinates were recorded for all sampled 
fields. Collected samples were washed under tap water 
and kept at 4°C until they could be processed.

   2) In Minnesota the root and crown tissues are currently 
being dissected from the collected plants and will be used 

for the isolation and identification of the fungal pathogens 
associated with symptoms observed in the field. Our pre-
liminary data suggest that Fusarium spp. are the most com-
mon fungal pathogens present in the symptomatic tissues 
we collected. In North Dakota the tissues obtained during 
the field survey were used for isolations to confirm those 
pathogens associated with symptoms observed in the field. 
Symptomatic SCI and crown tissues were surface sterilized 
and plated separately onto water agar plates. Fungal my-
celia grown from the plated tissues were transferred to PDA 
plates for further purification and identification. At this time 
66 fungal isolates have been obtained from 104 SCI sam-
ples from 35 fields and 102 fungal isolates from 140 crown 
tissue samples taken from 35 fields. Most of the isolates 
from the SCI and crown tissues were identified as Fusarium 
species although 2 and 19 isolates were identified as Bipo-
laris sorokiniana from the SCI and crown tissues, respec-
tively. Other fungal species were isolated, but the frequency 
of these is low. We plan to identify the fungal isolates to
species level based on morphology and/or DNA sequenc-
es. In South Dakota SCI and crown tissues were plated 
onto Komada’s or Specific Screening Media (SSM) for 
Fusarium isolation, irrespective of visual symptoms. Modi-
fied SM-GGT7 media was used for isolation of Gaeuman-
nomyces graminis var. titici. At this time we have isolated 
80 isolates of various Fusarium species, 80 isolates of B. 
sorokiniana and 7 isolates of Gaeumannomyces species 
from 25 locations. Several other fungal general have been 
identified however we are working to identify only the three 
pathogens of interest (Fusarium, Bipolaris and Gaeuman-
nomuces). Further identification of these fungal isolates will 
be carried out using morphological and/or DNA sequences.

3 & 4) At this time we have not started work on these objec-
tives. The work isolating and identifying the fungal patho-
gens only started following harvest. We anticipate being 
able to start working on these objectives over the winter 
and spring of 2012/13.

Application/Use

   1) Survey of root disease incidence and severity in the 
three-state region: Given the time since the last compre-
hensive survey, and changes to cultivars and production 
systems, we believe a survey is necessary to determine the 
relative importance of root diseases so that we can priori-
tize future research efforts.
2) Identification and characterization the fungal pathogens 
associated with root diseases: The root and crown tissues 
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obtained during the field survey are being used for isola-
tion of pathogens to confirm the pathogens associated with 
symptoms observed in the field and to obtain a representa-
tive collection of pathogen isolates for future research.

  3) Screen wheat lines for resistance to Common Root Rot 
(CRR) and Fusarium Crown Rot (FCR): We expect there 
to be some variation in the response of wheat varieties to 
CRR and FCR. By screening commercial cultivars and ad-
vanced breeding lines we hope firstly to identify varieties 
that may be highly susceptible to these root diseases. Iden-
tifying highly susceptible lines will be of value to growers 
who may then avoid planting these lines and to breeders 
who may avoid promoting highly susceptible germplasm 
within their breeding programs.

  4) Develop effective methods for screening for resistance 
against root rot pathogens: Developing effective screens 
for resistance against root rot pathogens will allow us to 
work with these pathogenic fungi. We need to be able to 
conduct inoculated experiments to evaluate any control 
strategy, including the use of host resistance.

Materials and Methods

  1) Survey root diseases incidence and severity in the three-
state region: Each participating state took responsibility for 
conducting a comprehensive statewide survey of the spring 
and winter wheat production areas in the 2012 cropping 
season. At least 50 fields were systematically sampled in 
each state to try and ensure geographic coverage of the 
entire wheat production region. Root and crown tissues 
were observed for symptoms and the fields sampled to de-
termine the incidence and severity of root diseases. Sam-
ples collected at each site were bulked, the root systems 
of sampled plants washed to remove soil prior to storage. 
Plants and tissue samples are being stored at 4oC until we 
are able to process the sampled materials to recover fungal
pathogens.

  2) Identify and characterize the fungal pathogens associ-
ated with root diseases: The root and crown tissues ob-
tained during the field survey are being used for isolation 
of pathogens to confirm those pathogens associated with 
symptoms observed in the field. The isolates obtained have 
been added to the collections of pathogens in each state. 
Each state has undertaken isolation and identification of 
fungal pathogens associated with root diseases. The root, 
sub crown internode (SCI) and crown tissues from the
collected plants will be dissected and used for isolation 
of pathogens to confirm those pathogens associated with 
symptoms observed in the field. Selective media is being 
utilized to recover pathogens where multiple pathogens 
may be present. PDA media amended with streptomycin 

will be used for Bipolaris sorokiniana, Komada’s media or 
specific screening media (SSM) will be used for Fusarium 
spp. and modified SM-GGT3 media will be used for Gaeu-
mannomyces graminis var.titici. Isolated fungi are initially 
being identified based on morphological characteristics. 
The identities of the isolates will be confirmed genetically 
following DNA extraction. Each state will test the pathoge-
nicity to wheat of the recovered fungal pathogens. These
inoculation tests will be conducted on wheat plants in the 
greenhouse.

  3) Screen wheat lines for resistance to CRR and FCR: We 
know that there is some variation in the response of wheat 
varieties to CRR and FCR and so we will initiate the screen-
ing of commercial cultivars and advanced breeding lines. 
Each state will screen approximately 20 hard red spring 
wheat (HRSW) genotypes for reaction to B. sorokiniana in 
the greenhouse. Each state will select lines representative 
of the germplasm in their state, including a number of lines 
with a known response to CRR and with sufficient common 
entries such that the data from each state can later be com-
pared. In addition SDSU will also examine hard red
winter wheat cultivars for their response to B. sorokiniana. 
Each state will each screen approximately 20 wheat geno-
types for reaction to F. graminearum (FCR) in the green-
house. States will select lines representative of the germ-
plasm in their state, including a number of check lines with 
a known response to FCR. With all tests we have agreed to 
include sufficient common entries such that the data from 
each state can later be compared.

  4) Develop effective methods for screening for resistance 
against root rot pathogens: We plant to examine, as neces-
sary, inoculation methods for root diseases other than CRR 
and FCR. For example, if significant levels of take-all are 
identified in the 2012 survey we will work to establish effec-
tive inoculation methods suitable for greenhouse screen-
ing. South Dakota will examine the relationship between 
the response of wheat to CRR and Spot Blotch in green-
house experiments. As CRR and Spot Blotch are incited by 
the same pathogen, the work has the aim of establishing a 
faster/cheaper effective screen for CRR.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

  The preliminary data gathered from our survey would in-
dicate that root rot diseases were prevalent in commercial 
wheat fields in 2012 in Minnesota, North Dakota and South 
Dakota. It appears that the two pathogens we anticipated 
finding, Fusarium and Bipolaris, are indeed abundant and 
likely contributing significantly to yield losses. In Minnesota 
we estimated that over 20% of tillers had died prematurely 
- these were visible as ‘white heads’ in the field - as a re-
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sult of root disease in a the most severely impacted 
fields. While this information does not provide any 
immediate benefit to the grower an awareness of the 
problem is a critical first step if control measures to 
root rots are ultimately to be implemented.

Recommended Future Research

  In our 2012 proposal we noted that root rots, and the 
soil-borne pathogens that incite them, are inherently 
more challenging to work with than foliar diseases 
and in this regard we were not disappointed. Indeed 
sampling fields and processing the plant samples we 
collected has taken us considerably longer than we 
anticipated. Despite our rather slow progress we be-
lieve we are gaining some insight of the problem of 
root rot diseases in the Upper Midwest. In the coming 
months we anticipate completing the isolation of fun-
gal pathogens from the remaining samples and iden-
tify the fungal isolates we obtain using morphologi-
cal and/or DNA sequencing. We will then be able to 
embark on the remaining objectives of this study and 
anticipate that we will then work toward completing 
the objectives of the project as outlined. We plan 
to conduct some additional survey work in 2013 
designed to compliment the survey work already  
conducted in 2012.

AT RIGHT: Maps of Minnesota, North Dakota, and South 
Dakota indicating the location of commercial wheat fields 
surveyed for the presence of root rot diseases in 2012.
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Maps of Minnesota, North Dakota, and South Dakota indicating the location of commercial wheat fields surveyed for the presence of 
root rot diseases in 2012. 


