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A Coordinated Research Plan to Address Bacterial Leaf Streak
Ruth Dill-Macky, Dept. of Plant Pathology, U of M, St. Paul

Research Questions

The four principle objectives of the project are:
1) Develop techniques for producing inoculum and  
    inoculating plants in the greenhouse and field.
2) Establish if BLS is of economic importance.
3) Examine the structure of the pathogen population.
4) Develop a cooperative regional BLS screening nursery.

Results

  1) In 2012 UMN repeated 2010 and 2011 greenhouse in-
oculation trials, confirming that leaf infiltration at flag leaf 
stage with an inoculum concentration of 107 CFU/ml pro-
duces the most consistent and measurable results. Dew 
chamber incubation post inoculation was not necessary for 
lesion development and was therefore not implemented. 
Lesion length measurements were compared to lesion 
area measurements using digital imaging software. Lesion 
length and lesion area measurements correlated well (R2 

> 0.78) and it was therefore determined that lesion length 
was a quicker, more efficient measurement to employ for

greenhouse studies. UMN also continued examination of 
field based inoculation methods for screening of BLS in 
2012. The data from these field experiments have provided 
valuable insights on the methods needed for the establish-
ment of reliable and repeatable field-based assessments of 
BLS. The addition of carborundum, a fine abrasive, to the 
inoculum increased disease severity and appears to have a 
greater impact than timing of the inoculation. Needle inocu-
lations, while producing some of the highest disease levels 
in individually inoculated plants, did not spread to adjacent 
plants in 2012. As needle inoculation is far more laborious 
than the other inoculation methods tested it may be a useful 
method for limited epidemiological studies but does not ap-
pear to be useful for screening breeding germplasm. BLS 
was successfully established in dryland sites again in 2012 
which indicates that screening is feasible in the absence of 
irrigation. 
At SDSU a study showed that inoculum concentration, and 
plant age had significant effects on disease development 
on both resistant and susceptible genotypes. Plants showed 
susceptibility to the pathogen at all growth stages; however, 
symptoms on 12-day old seedlings were most severe. No 
symptoms were observed with the lowest inoculum con-
centrations (3 x 104 cfu/ml). Disease severity increased sig-
nificantly with an increase in inoculum concentration from 3 
x 105 to 3 x 109 cfu/ml however disease severity was less 
than 5% using concentrations up to 3x106. This indicates 
that inoculum concentrations should be at least 3x107 cfu/

mL to compare degree of susceptibility among genotypes.

   2) In 2012, UMN examined the impact of BLS on yield in a 
field experiment in St Paul. In the 2102 disease levels were 
high in all plots, including the non-inoculated control treat-
ment, and plot yields were highly variable so yield losses 
were not as readily evident as in the 2011 experiment. Yield 
losses were most readily observed in the most resistant 
of the wheat cultivars examined with disease severities of 
ca. 10-12% resulted in yield losses approaching 20%. Sig-
nificant impacts on individual head weight or seed number 
were not observed. 
In 2012, as in previous years, data showed different levels 
of susceptibility in the five germplasm lines that were tested 
in the field at two locations (Brookings and Watertown) in 
South Dakota. Paired treatments were utilized where in-
oculated plots of each genotype were compared to non-
inoculated control plots. Grain yield was reduced in inocu-
lated plots by around 10-35% compared to control plots. 
Test weight was not as highly affected, however, they were 
generally very low because of hot dry growing conditions 
during the grain-fill period. Grain protein and other mea-
sures of end-use quality potential will be collected during 
winter 2012-2013.

   3) UMN observed all 2009, 2010 and 2011 isolates (rep-
resenting strains from both wheat and barley) and other X. 
translucens pathovars (poae, cerealis, phleipratensis and 
secalis) to be pathogenic in RB07 and Blade in greenhouse 
screenings. Virulence of isolates varied widely. RB07 was 
more susceptible than Blade overall, but there were sev-
eral isolates which were more virulent on Blade than RB07. 
These results indicate that strain-genotype interactions 
and variations in isolate virulence should be considered 
in breeding efforts. Additionally, as all X. translucens path-
ovars from wheat and barley were shown to be virulent on
wheat, it is necessary to confirm the identity of X. translu-
cens isolates present in Minnesota to ensure that materials 
are screened for all pathovars present in the region.
MLST (multi locus sequence typing) primer sets for four 
genes were identified and PCR protocols were refined to 
produce optimal amplification. A subset of 24 isolates rep-
resenting a variety of locations, including type strains from 
six different X. translucens pathovars were selected for 
preliminary MLST analysis. All four loci were successfully 
amplified in the 24 isolates and clear sequence data was 
generated. Through collaboration with Boris Vinatzer at Vir-
ginia Tech two more primer sets have been developed and 
amplification of the 24 representative isolates is in prog-
ress. In March 2013, Rebecca Curland (UMN Research 
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Fellow) will travel to Dr Carolee Bull’s laboratory in Salinas, 
CA to receive training in multilocus sequence analysis and 
to process the data generated thus far.

   4) UMN undertook a screening of advanced breeding 
lines (2012 AY1) in the greenhouse and at three field loca-
tions in MN. The Lamberton nursery was essentially lost to 
drought but at the other locations (St Paul and Crookston) 
variation in host susceptibility to BLS was observed. Sev-
eral of the most resistant and most susceptible lines from 
the greenhouse screening were similarly rated as either re-
sistant or susceptible in the field. Lines with intermediate 
reactions showed more fluctuation in performance both in 
the greenhouse and in the field. In addition to screening 
of advanced lines, several populations selected by Dr. Jim 
Anderson, which were thought to be segregating for BLS, 
were screened in the 2012 BLS field nurseries and the data
provided to Dr. Anderson. A successful nursery, screening 
a broad range of wheat germplasm, was also conducted in
cooperation with Dr. Blake Cooper in Foxhome MN. Pre-
liminary examination of the yield data from this nursery in-
dicate that these results will provide valuable information 
on both the expected losses from BLS and the impact of 
fungicide applications on disease development. 
In the process of determining when best to inoculate spring 
wheat in the field, germplasm tested in the Advanced Yield 
Trial of the SDSU breeding program was inoculated with a 
bacterial suspension in the 2009 growing season. It was 
also hoped that some materials with contrasting levels of 
BLS resistance would be identified. Several experimen-
tal lines were found with various degrees of resistance. 
SD4205 was among the most apparently resistant and was 
used, along with more susceptible genotypes, to initiate a 
QTL mapping study. Population development largely took 
place in 2010 and by spring 2011, F1 plants from within
approximately 60 unique populations were screened for 
BLS resistance in the greenhouse. During summer 2011 
the F2 headrows derived from F1 plants were screened in 
the field. Resistance data were collected from all individu-
als screened in the F1 and F2 generations (approx. 530 in-
dividuals). During 2012 molecular marker genotypes were 
collected on each individual, additional marker data will be 
collected during winter 2012-2013.

Application/Use

   1) Our ability to generate the disease is necessary to 
determine the impact of the disease on wheat, evalu-
ate variability in the pathogen, and develop disease con-
trol strategies, including resistance. Developing resistant 
wheat germplasm will rely on effective and efficient screen-
ing methods both to identify sources of resistance and to 
introgress resistance into adapted germplasm. In 2012 
we confirmed the efficacy of field-based techniques we 

have developed facilitate the establishment of reliable and  
repeatable assessment of BLS.

  2) In 2101 we gained additional evidence of the signifi-
cant economic impact of BLS. This demonstrates the im-
portance of this disease in wheat production and justifies 
further research to develop a better understanding of BLS 
in wheat and effective management strategies.

  3) We have demonstrated that there is considerable ge-
netic variability in this pathogen. We still need to determine 
the biological importance of this variation to disease devel-
opment and control. Determining if there are ‘races’ of the 
pathogen is critical to understanding if the pathogen is likely 
to change in response to disease control measures and in 
selecting a representative population for use in screening 
breeding germplasm.

  4) Data provided to Dr. Anderson from the 2012 field 
screening of BLS has contributed information for determin-
ing varietal responses and this information has be made 
available in the Variety Trials Results (MAES) since 2012. 
This information will enable growers to make variety selec-
tions aimed at reducing the impact of BLS.

Materials and Methods

  1) UMN tested greenhouse inoculation methods at dif-
ferent growth stages. Spray, leaf infiltration and needle in-
oculation were performed at seedling, tillering and flag leaf 
stages. Leaves were harvested 14 days after inoculation 
(dpi) and photographed for digital analysis. Lesion length 
measurements were taken manually and lesion areas were 
calculated using the digital analysis program ‘Fiji’.
A field experiment was aslo conducted in St. Paul to ex-
amine several variables that influence BLS development 
including; inoculation technique (needle and spray), timing 
of inoculation (anthesis and heading), the use of an abra-
sive (carborundum) to aid penetration of the inoculum. Four 
wheat varieties; Blade, Knudson, RB07 and ND495 were 
examined and the experiment included four replications. 
Spray inoculations were conducted using a C02-powered 
backpack sprayer with inoculum applied either at anthesis 
or at both anthesis and heading. Inoculations were con-
ducted both with and without carborundum in the inoculum. 
A total of five inoculation treatments were examined. A non-
inoculated control was included in the experiment. A mist-
irrigation system was utilized to facilitate infection and dis-
ease development. Disease development in control plots
suggested that background level of BLS was high. Inocu-
lum consisted of X. tranlucens strains that were grown on 
solid Wilbrinks agar for three days. One plate was washed 
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into 3 L of 0.85% saline in the field just prior to inocula-
tion producing approximately 107 cfu/ml. Carborundum was 
used at a rate of 10g/L of inoculum. Two rating systems 
were examined: a whole row score (0-9 scale; one value 
per plot), and a leaf score (percent scale; 20 leaves/plot). 
Plots that were spray inoculated were assessed 14-20 days 
after inoculation while the needle inoculated plots were as-
sessed 23 days after inoculation.
At SDSU, a double-digit rating system was employed to as-
sess both the severity of infection on leaves and also the 
height and vertical movement within the canopy. Field trials 
were monitored and assessed four times at one-week in-
tervals from boot stage through to late-milk to early-dough 
stage. A severity value was obtained for each assessment 
data point and from that data, area under the disease prog-
ress curve (AUDPC) could be calculated and an assess-
ment of rate of progress was made for each line in the tests. 
Additional methods of testing in a greenhouse setting will 
be explored.
At SDSU the effect of bacterial concentration and plant age 
on BLS development was evaluated over winter 2012. For 
this study, moderately resistant and susceptible genotypes 
were grown in green house and six inoculum concentra-
tions were tested on plants from 12 to 49-days old. Disease 
severity was assessed as percentage leaf area diseased 
after 14 days of inoculation.

  2) A field experiment examining the impact of BLS on 
wheat yield was conducted in St. Paul. Three varieties 
(Blade, Knudson and RB07) were examined. To generate 
various levels of disease the same inoculation methods de-
scribed in Part 1 (see above) were used with the exception 
that needle inoculations were replaced by an inoculation 
using a gas-powered backpack sprayer and carborundum 
amended inoculum. Mist irrigation, inoculum production 
and rating of disease were preformed as described in Part
1. Fifty individual heads were harvested from each plot, 
threshed and cleaned. Seed number and weight per head 
were recorded. The remainder of each plot was harvested 
in bulk and plot weights were recorded.

  3) UMN collected isolates from around MN over 3 growing 
seasons and currently has a collection of 92 Xanthomonas
translucens isolates. These have all been confirmed via 
media testing, 16S sequencing and greenhouse pathoge-
nicity testing. All greenhouse testing was performed using 
leaf infiltration at the flag leaf stage with an inoculum con-
centration of 107 CFU/ml.
Leaves were harvested 14 dpi and were photographed 
for digital analysis. Lesion length measurements were ob-
tained manually and lesion areas were calculated using Fiji, 
a digital imaging program.
DNA extractions for MLST were performed using IBI Scien-
tific’s Genomic DNA Mini Kit (Blood/Cultured Cell).

Amplifications were conducted using Qiagen HotStarTaq 
polymerase. Amplified fragments were sequenced through 
ACGT Inc. 
MLSA (Multilocus sequence analysis) is currently in prog-
ress.

  4) Entries in a Minnesota advanced breeding nursery (AY1 
2011) were screened in the St. Paul greenhouse with a 
Minnesota Xt isolate collected in 2010 (JA1-10A) via leaf in-
filtration. Disease development was assessed using lesion 
length and area measurement. Commercial wheat culti-
vars, advanced lines and wheat breeding populations were 
screened at four Minnesota locations (St. Paul, Crookston, 
Lamberton). Entries were planted in one-foot long ‘dash’ 
plots, with six replications planted for each entry (4 inocu-
lated and 2 non-inoculated). Plots were inoculated using 
a Solo backpack sprayer with carborundum. Two inocula-
tions (anthesis and heading) were applied at each location. 
Inoculation production was done as described in Part 1 (see
above). Disease severity was rated using a whole plot 
score (0-4 scale, one rating /plot) at 14 to 20 dpi.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

  We have demonstrated that Bacterial Leaf Streak is of 
economic importance to the wheat industry. Data has been 
generated that growers can use to select wheat varieties 
which are less susceptible to BLS. Techniques have been 
established that allow us to screen breeding materials and 
therefore provided the tool  progress in disease resistance  
introgression.

Related Research

  In addition to MNWRPC funding, UMN currently has sup-
port from the Minnesota Small Grains Initiative (SGI) and 
the Rapid Agricultural Response Fund (RARF) that has al-
lowed for additional research on BLS. Under the SGI grant, 
MLST (multilocus sequence typing) is being implemented 
to determine the pathovar identity of MN X. translucens iso-
lates. SGI funding also supports research on seed screen-
ing assays, evaluation of commercially available cultivars, 
parent germplasm and advanced breeding lines, extending 
field research plots to include barley as well as wheat. The 
RARF funding supports the screening of segregating popu-
lations for resistance to BLS, screening core collections of 
wheat and barley germplasm, examination of the relative 
role of seed borne inoculum on disease development and 
production of an extension bulletin that describes BLS etiol-
ogy and management. Funding from all three grants com-
bined with inter and intra departmental collaborations has 
allowed UMN to make significant progress in developing 
effective and reproducible screening methods BLS, refining 
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methods to work with and correctly identify the pathogen, 
and allowing for initial detection of potential sources of re-
sistance to BLS in both wheat and barley.
The SDSU works outlined in this project was supported in 
part by the South Dakota Wheat Commission. The match-
ing funding supporting the graduate student, Yuba Raj Kan-
del (PhD Student), with the Spring Wheat breeding group. 
Yuba’s research has largely focused on family-based map-
ping of BLS resistance in HRSW germplasm. Specifically, 
his research is focused on working to map putative BLS 
resistance QTL in a complex “family-based” mapping popu-
lation, though he is also examining the impact of BLS on 
grain yield, test weight, grain protein, etc., as well as evalu-
ating field and greenhouse BLS screening and assessment 
methods.

Recommended Future Research

  Although much progress has been made toward the ob-
jectives of this proposal, a proposal for FY13 has been 
submitted to enable us to complete the principle objectives 
outlined in this research proposal. We think one years re-
search is needed to confirm the data generated over FY 11 
and 12. We have refined and developed reliable screening 
methods both in the field and in the greenhouse and are 
now ready to move forward to screen breeding materials 
in the greenhouse and field. Additionally we hope to under-
take an experiment to study the effects of foliar fungicides 
on the development of BLS. Both NDSU and SDSU have
new plant pathology personnel who are eager to collabo-
rate in the project. We look forward to strengthening our 
collaboration by exchanging method information and in-
volving all the plant breeding programs in the BLS coopera-
tive screening nursery. We anticipate that research in FY13 
will consolidate our understanding of BLS and refine the 
development of techniques we will need to make effective 
progress in the control of BLS. 

Other Sources of Funding for this Project

SGI (MN Small Grains Initiative)
RARF (MN Rapid Agricultural Response Fund)
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