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Research Questions

This project has three components each aimed at 
improving disease management practices and thereby re-
duced yield and quality losses for wheat producers in Min-
nesota. The project is focused on three diseases; bacterial 
leaf streak (BLS); root and crown rots; and viral diseases.

Bacterial leaf streak (BLS) of wheat, caused by Xan-
thomonas translucens pv. undulosa, is prevalent in Min-
nesota, causing economic concerns to the wheat industry. 
Managing BLS is difficult due to the lack of resistant 
cultivars and other effective tools, especially as fungi-
cides are ineffective against bacteria. Through previous 
research funded by the MWRPC, we have demonstrated 
the economic importance of BLS; obtained useful data 
on the responses of regionally adapted varieties and elite 
germplasm; gained first-hand knowledge of local patho-
gen populations; and established a regional collaborative 
nursery. Our research has provide valuable information for 
developing future control methods and set the groundwork 
for future research aimed to improve our understanding 
and develop methods for the control of the disease. In this 
project we focused on the identification of wheat germ-
plasm with high levels of BLS resistance, characterization 
of genetic resistance, and investigated of biology of the 
pathogen and the factors affecting the epidemiology of 
BLS.

The root and crown diseases of wheat can cause 
significant yield losses, although they frequently go un-
noticed. Root diseases generally compromise the root 
system, affecting the ability of the plant to take up water 
and nutrients, thus root diseases are especially damaging 
in years when water is limiting during grain filling. Surveys 
from 2012 to 2015 have identified several root rot patho-
gens impacting wheat crops in Minnesota. Identification 
of the pathogens involved in root rots is the initial step in 
disease control. In this project we have continued with 
research to identify the pathogens causing root disease 
and to understand the response of the wheat germplasm 
to these pathogens. Identifying highly susceptible variet-
ies and sources of resistance that may be utilized in the 
development of varieties with improved tolerance to root 
and crown diseases are both goals of this project.

Viral diseases such as barley yellow dwarf, caused 
by barley yellow dwarf virus (BYDV); and wheat streak, 
caused by wheat streak mosaic virus (WSMV), can be 
devastating in years where conditions are favorable to the 
insect and mite vectors that transmit these viruses. Little 
is known about the epidemiology of the viral diseases of 
wheat in Minnesota and the factors that contribute to the 
risk that viruses are more severe in a given year. We also 

have limited data on the resistance of our elite varieties 
and breeding lines to viruses. In this project we aimed to 
identify the viral threats to wheat production in the region 
and characterize the viral strains of each virus identified. 
We also aim to provide recommendations on the reaction 
of commercial varieties and to direct breeding efforts with 
respect to virus diseases.
 
Results

   We previously developed the basic protocols we need 
to work with BLS. In 2015 we again established a regional 
cooperative nursery (BLSCN) in which 114 entries from 
six wheat breeding programs (public and private) in the 
Upper Great Plains were tested for their reaction to BLS at 
four locations (St Paul, Crookston, Fargo, ND and Brook-
ings, SD). The data from all four locations, currently being 
compiled in Minnesota, indicate that significant differences 
were again observed in these materials for reaction to 
BLS under field conditions in 2015. Information obtained 
on the response of released varieties and elite germplasm 
is being utilized by regional wheat breeding programs to 
the benefit of growers. Information on the response of 
released germplasm to BLS has been disseminated to 
Minnesota growers through the MN variety trials bulletin.
   We have developed a greenhouse assay for BLS, using 
a simple leaf infiltration of the flag leaf, suitable for screen-
ing pathogen isolates and small to medium sized wheat 
populations. NDSU researchers have been using a similar 
method and we have been collaborating with them
to standardize these greenhouse assays across our pro-
grams. Using this same greenhouse technique, Dr Zhao-
hui Liu at NDSU, evaluated the reaction in the greenhouse 
of a F2 population derived from a highly resistant and a 
highly susceptible triticale in 2015. The preliminary data
has shown that the resistance to BLS in this population is 
conditioned by a single dominant gene. 
   This triticale population will be advanced to the F7 gen-
eration and will be used to map the resistance gene.
       BLS on wheat is caused by Xanthomonas translu-
cens pv. undulosa, but at least three other pathovars can 
also occur on wheat. We know that there is considerable 
genetic variability within X. translucens and it’s path-
ovars, however we don’t know its biological importance 
to disease or the implications to breeding for disease 
resistance. To determine the major pathovars present in 
the Upper Great Plains, we collected over 100 pathogenic 
isolates of X. translucens from wheat and barley grown 
in Minnesota, North Dakota and South Dakota. Using the 
BLS greenhouse assay we have developed, the virulence 
of Xanthomonas isolates from wheat and barley has been 
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measured on genotypes of both barley and wheat. Bacte-
rial isolates varied in virulence, and virulence was affected 
by host and by host genotype. We also used a PCR-based
method to identify isolates to pathovar. While most wheat 
isolates proved to be X. translucens pv. undulosa, host 
origin was not always a predictor of an isolate’s pathovar 
designation. Some isolates from wheat appeared more 
similar to isolates from barley, while some barley isolates
were more similar to wheat isolates. Thus it appears, that 
at a minimum, there are two pathovars of X. translucens in 
the Upper Great Plains and there is wide variation among 
isolates with regard to virulence. We used MLSA (multilo-
cus sequence analysis) to observe genetic variation
among our collection of isolates. Preliminary phylogenetic 
trees show isolates from wheat grouping separately from 
isolates from barley. Furthermore, several isolates of 
interest (isolates from wheat that showed stronger symp-
toms in barley and isolated from barley showing stronger 
symptoms in wheat) grouped according to virulence rather 
than original host. These data suggest that MLSA could be 
a viable method to differentiate the pathovars of X. trans-
lucens. We are currently processing these data with MLST 
(multilocus sequence typing), which has the potential to 
differentiate isolates at a more subtle level. 
   Root rot disease survey work continued in 2015 to help 
establish the distribution and prevalence of root rot patho-
gens in Minnesota and to help determine yield losses 
from the pathogens of wheat roots. The results from the 
surveys conducted thus far (2012 onward) have indicated 
that there has been a switch in the prevalence of the 
pathogens that incite root diseases compared to previous 
surveys conducted over 20 years ago. This has helped 
us prioritize research needs and has provided isolates 
needed for establishing screening for resistance to root
and crown rots. We are still completing the isolation of 
fungal pathogens from the samples collected in 2014 and 
2015. One this is completed we will confirm the identity of 
the fungi isolated using morphological and/or DNA se-
quencing. We have made significant progress in develop-
ing methods suitable for inoculating plants with Bipolaris 
sorokiniana and Fusarium spp. in the greenhouse, facili-
tating our ability to screen materials for reaction to root rot 
pathogens. Field studies examining fungicides indicate 
that seed treatments do not aid stand establishment
or provide a return on investment, with the final year of this 
study completed in 2015. 
   In the 2015 growing season we surveyed wheat-growing 
areas across SD and MN forplants showing symptoms 
of viral infection. Of particular interest were plants with 
symptoms of WSMV, and BYDV. In addition, samples of 
grasses in the vicinity of infected plants were collected to 
assess the presence of viral diseases in wild grass spe-
cies. Samples exhibiting symptoms consistent with barley 
yellow dwarf were processed to determine the presence 
or absence of this virus. Preliminary results indicate that 
of the 152 Minnesota samples examined, 33 were posi-
tive for BYDV and/or CYDV. Of the positive samples, three 
samples had only CYDV, and two others had mixed CYDV 
and BYDV infections. The mixed infections occurred in 

the HRSW varieties Samson and RB07 and in a Minne-
sota breeding line, MN0675-4. CYDV was detected in the 
spring barley variety Lawson. Work continues to complete 
initial analysis of the Minnesota samples and from the 
South Dakota samples collected in 2015. Once this work 
is complete, we will determine the strains of BYDV present 
in BYDV-positive samples, using strain-specific PCR. Dr. 
Byamukama at SDSU is working with samples exhibiting 
wheat streak mosaic symptoms from both MN and SD, fol-
lowing similar procedures as those we are using for BYDV 
in Minnesota. Information on the distribution of strains for 
both viruses will be used in determine the relative roles of 
alternative host species such as the wild grasses and non-
wheat hosts like barley and oats on viral epidemiology. 
Information on the prevalence of viruses and specific viral 
strains will be used to selecting appropriate strains when 
screening breeding material for resistance.
      
Application and Use

   Our ability to determine the prevalence and impact of the 
diseases of wheat is essential to develop disease con-
trol strategies, including resistance. Developing resistant 
wheat germplasm  will rely on collections of pathogens 
and the development of effective screening methods, both
to identify sources of resistance and to introgress the 
resistance into adapted germplasm. In 2015 we utilized 
protocols we have developed to establishment screening 
nurseries for BLS and worked toward identifying the root 
rot fungi and viruses present in wheat. Screening tech-
niques for root rots are being developed and will ultimately 
aid in the development of commercial cultivars with im-
proved resistance to these pathogens.

Materials and Methods

   BLS: Inoculated nurseries were established in each 
state to screen a cooperative nursery encompassing en-
tries from the UMN, SDSU, NDSU, Limagrain, WestBred 
and Agripro spring wheat breeding programs. Entries were 
selected in consultation with all the breeders whose
material is represented. In Minnesota we also screened 
advanced lines and several populations provided by 
Jim Anderson that we believe are segregating for their 
response to BLS. Multilocus Sequence Typing (MLST) 
analysis was used to generate genetic fingerprints for a 
collection of pathogen isolates, including isolates from 
SDSU. Sequence data was also generated for a subsam-
ple of this isolate collection. 
   Root Rots: Fields were systematically sampled and root 
and crown tissues were observed for symptoms to deter-
mine the incidence and severity of root diseases. Samples 
collected at each site were bulked, the root systems of 
sampled plants washed to remove soil prior to storage. 
Plants and tissue samples were stored at 4oC until we 
processed the sampled materials to recover fungal patho-
gens. Root, sub-crown internodes and crown tissues from 
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the collected plants were dissected and used for isola-
tion of pathogens on selective media that facilitated the 
recovery of specific pathogens. Isolated fungi were initially 
identified based on morphological characteristics. We plan 
to confirm the identities of these isolates using genetic 
tests following DNA extraction. Greenhouse screening for 
resistance against root rot pathogens in Minnesota has 
focused on inoculation with Fusarium and experiments 
using a number of ways to produce inoculum have been 
developed and tested. 
     Viruses: Leaf material was collected from commercial 
fields and variety trial plots of spring wheat and barley 
around Minnesota in the growing seasons of 2013 (68 
samples), 2014 (38 samples) and 2015 132 samples). In 
2015, 210 samples were also provided from Dr. E. By-
amukama (SDSU) from spring and winter wheat crops in 
South Dakota. All samples associated with the virus work 
were stored at -80°C until we could complete the RNA 
extractions. Whole plant RNA extractions were conducted 
using the RNeasy Plant Mini Kit (Qiagen) according to 
the manufacturer’s instructions. Reverse transcription 
reactions to obtain cDNA were then conducted using the 
Omniscript RT-PCR reverse transcriptase kit (Qiagen) also 
according to the manufacturer’s instructions. A two-step 
Multiplex Polymerase Chain Reaction (multiplex PCR), us-
ing primers described by Malmstrom and Shu (2004), was 
then utilized to determine the strains of BYDV or CYDV 
present in the collected samples.
Reference: Malmstrom, C. M., & Shu, R. (2004). Multi-
plexed RT-PCR for streamlined detection and separation 
of barley and cereal yellow dwarf viruses. Journal of viro-
logical methods, 120(1), 69-78.

Economic Benefit to a Typical 
500 Acre Wheat Enterprise

 We have demonstrated that Bacterial Leaf Streak is of 
economic importance to the wheat industry and data has 
been generated that a grower can use to select wheat 
varieties that are less susceptible to BLS. The preliminary 
data gathered from this project indicate that root rot and
viral diseases are prevalent in commercial wheat fields in 
Minnesota. It appears that two root rot pathogens, Fu-
sarium and Bipolaris, are abundant and that they likely 
contribute significantly to yield losses. Similarly BYDV ap-
pears widespread in wheat and is likely impacting yields in
some years. 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 for the 
root rots and viral diseases of wheat are ultimately to be 
implemented.

Related Research

 This is a regional collaborative project involving patholo-
gists in three states. We have established close relation-
ships with research and extension plant pathologists and 

the wheat breeding programs (public and provate) in each 
state. The regional wheat breeding programs have ben-
efited the project by providing field observations of the 
distribution of diseases, collection of symptomatic plants 
for isolate collection and wheat germplasm. The wheat
breeding programs in the region (public and private) have 
themselves benefitted from knowledge of the reaction of 
released and advanced breeding lines to BLS.

Recommended Future Research

BLS: Although much progress has been made with 
BLS, additional research is needed. Our collaborative 
screening efforts have determined that the majority of 
our wheat cultivars and many advanced lines from the 
regional breeding programs are susceptible to BLS. We 
plan to move forward using screening nurseries to test 
wheat materials from diverse sources for their response 
to BLS. The primary goal of this effort will be to identify 
genotypes with high levels of resistance and to introgress 
resistance into wheat germplasm. Previous studies sug-
gest that  resistance to BLS is governed by multiple genes 
and quantitatively inherited; in addition, the evaluation of 
plant responses to BLS is challenging and influenced by 
environmental conditions; therefore, we believe that there 
is a need to develop DNA markers to facilitate the use of 
marker assisted selection for introgressing resistance this 
disease in wheat. 

Root Rots: The survey of root diseases we have already 
conducted have demonstrated that root rot pathogens are 
readily found in wheat crops in Minnesota and that they 
most likely have a significant negative impact on yield. We 
anticipate completing the isolation of fungal pathogens 
from the samples collected in the most recent surveys 
and finish identifying the fungal species using morpho-
logical and/or DNA sequencing. We have made progress 
in developing testing methods suitable for inoculating 
plants with Bipolaris sorokiniana and Fusarium spp. in the  
greenhouse, though working with root disease has proven 
challenging and our progress has been slower than we 
would like. We need to verify the techniques we have 
developed and repeat the initial studies to confirm our 
findings. We plan to continue with a collaborative research 
approach, focusing on understanding the response of the 
wheat germplasm to root pathogens with researchers in 
neighboring states. In this work we will identifying highly 
susceptible varieties and lines with higher levels of resis-
tance that may be utilized in the development of wheat 
varieties with improved tolerance to root pathogens.

Viruses: Once PCR analysis has been completed for the 
Minnesota and South Dakota Samples, the data should 
provide a picture of the prevalent strains of BYDV in this 
region. Knowing the viruses determines the risk factors 
associated with the transmission of both BYDV and CYDV, 
as different viruses and viral starins are transmitted with 
differing efficiencies by different aphid species. Historically 
MAV and PAV have been thought to be the most prevalent 
strains of BYDV found in North America. Depending on the 

continued from page 37



Page 39     

year, the dynamics of cereal aphid populations change. 
For example, in Minnesota in some years Bird cherry oat 
aphids are more prevalent early in the growing season, 
while in other years, English grain aphids are more preva-
lent. Understanding the prevalent viral populations and 
the vector populations will influence the development of 
management plans targeting the control of these viruses.
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