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A Coordinated Research Plan to Address Bacterial Leaf Streak
Ruth Dill-Macky, Department of Plant Pathology, U of M 

Research Questions

1)  Develop techniques for producing inoculum &  
         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 greenhouse inoculation trials, UMN deter-
mined leaf infiltration at flag leaf stage with an inocu-
lum concentration of 107 CFU/ml produced the most 
consistent and measurable results.  Dew chamber 
incubation post inoculation was not necessary for le-
sion development and was therefore not implement-
ed.  Lesion area measurements using digital imaging 
software provided the most concise and consistent 
data.  UMN continued examination of field based in-
oculation methods for screening of BLS.  The quality 
of the data from the 2011 field experiments provided 
valuable insights on the methods needed for the 
establishment of reliable and repeatable field-based 
assessments of BLS in the future.  The use of carbo-
rundum, a fine abrasive, in the inoculum increased 
disease severity observed and appeared to have a 
greater impact than timing of the inoculation.  Needle 
inoculation produced some of the highest disease 
levels observed.  Although this method is more labo-
rious than other tested, such a strategy could be use-
ful in epidemiological studies of BLS.  The disease 
was also successfully established in both irrigated 
and dryland sites which indicates that some screen-
ing is possible in the absence of irrigation.

2) UMN examined the impact of BLS on yield in a 
field experiment in St Paul, disease severities of ca. 
30% resulted in yield losses approaching 40%.  This 
trend held true across all varieties tested.  Significant 
impacts on individual head weight or seed number 
were not observed.  SDSU tested the impact on grain 
yield, test weight and grain protein in the field at two 
locations (Brookings and Watertown, SD).  Paired 
treatments were utilized where inoculated plots of 
each genotype were compared to non-inoculated 
control plots.

   
 

3) UMN observed all 2009 and 2010 isolates 
(representing 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 several isolates 
which were more virulent on Blade than RB07.  
These results indicate that strain-genotype inter-
action and variation in isolate virulence should be 
considered in breeding efforts.  Additionally, as all X. 
translucens pathovars from wheat and barley were 
shown to be virulent on wheat, it is necessary to con-
firm the identity of X. translucens isolates present in 
Minnesota to ensure that materials are screened for 
all pathovars present in the region.

At NDSU, pathogenicity studies revealed significant 
differences among wheat cultivars (df = 11, F-value = 
116.1), and among bacterial strains (df = 28, F-value 
= 31.36).  In addition, interactions between wheat 
cultivars and bacterial strains (df = 308, F-value = 
15.19) were highly significant (P < 0.0001).  The 29 
strains varied greatly for aggressiveness on the 12 
wheat cultivars.  Among them, four strains (26, 27, 
28, 29) were more aggressive on wheat cultivars 
than the other strains tested.  Wheat cultivars Mo-
chis, Pavon, PI 345476, PI 326301, PI 338387, and 
PI 351315 exhibited differential responses to several 
strains of X. translucens pv. undulosa and could be 
good candidates for further study.

4) UMN undertook a screening of advanced 
breeding lines (2011 AY1) in the greenhouse and at 
three field locations in MN.  Variation in host sus-
ceptibility was observed across lines.  Several of 
the most resistant and most susceptible lines from 
the greenhouse screening were similarly rated as 
either resistant or susceptible in the field.  Lines 
with intermediate reactions showed more fluctua-
tion 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 2011 BLS field nurseries and the 
data provided to Dr. Anderson.

  In screening conducted at NDSU, nearly 31.9% 
of the accessions were resistant to BLS.  The mean 
disease scores of resistant and susceptible checks 
were 1 and 4, respectively.  Among the BLS-resistant 
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accessions, 43 accessions had disease scores 
between 0 and 1, while 138 accessions had disease 
scores between 1.1 and 2.  Significant differences 
were observed for the proportion of resistant ac-
cessions when classified by geographic origin.  The 
percent of BLS resistant accessions from Africa was 
significantly higher than for those originating from 
Asia.  Some countries bordering the Mediterranean 
also showed a high percentage of BLS resistant 
accessions.  The resistant accessions identified in 
this experiment may provide sources of resistance to 
BLS.

  At SDSU, several experimental lines were found 
with various degrees of resistance.  Line SD4205 
was among the most apparently resistant and was 
used, along with more susceptible genotypes, to initi-
ate a QTL mapping study.

Application/Use

1) Our ability to generate the disease is necessary 
to determine the impact of the disease on wheat, 
evaluate variability in the pathogen, and develop 
disease control strategies, including resistance.  De-
veloping resistance will rely on screening to identify 
sources of resistance, and efficiently introgress resis-
tance into adapted germplasm.

2) Testing of inoculation methodologies by UMN 
was successful.  The techniques developed now al-
low for the establishment of reliable and repeatable 
strategies for field-based assessment of BLS.  In 
addition, evidence of the significant economic impact 
of BLS demonstrates the importance 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 know that there is considerable genetic 
variability in this pathogen, however we still need 
to determine if this is of biological importance to 
the disease.  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 popula-
tion for use in screening breeding germplasm.

4) Data provided to Dr. Anderson from the 2011 
field screening of BLS has contributed information 
for determining varietal responses and this informa-
tion will be made available in the 2012 Variety Trials 
Results (MAES).  This information will enable grow-
ers to make variety selections aimed at reducing the 
impact of BLS.

Materials and Methods

1) UMN tested greenhouse inoculation methods 
at different growth stages.  Spray, leaf infiltration 
and needle inoculation were performed at seed-
ling, tillering and flag leaf stages with and without a 
subsequent dew chamber incubation.  Leaves were 
harvested 14 days after inoculation (dpi) and photo-
graphed for digital analysis.  Lesion length measure-
ments were taken manually and lesion areas were 
calculated using the digital analysis program ‘Fiji’.
  A field experiment was conducted in St. Paul to 

examine several variables that influence BLS devel-
opment including; inoculation technique (needle and 
spray), timing of inoculation (anthesis and heading), 
the use of an abrasive (carborundum) to aid penetra-
tion of the inoculum.  Four wheat varieties; Blade, 
Knudson, RB07 and ND495 were examined and the 
experiment included four replications.  Spray inocula-
tions were conducted using a C02-powered backpack 
sprayer with inoculum applied either at anthesis or 
at both anthesis and heading.  Inoculations were 
conducted 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 uti-
lized to facilitate infection and disease development.  
Disease development in control plots suggested that 
background level of BLS was quite low.  Inoculum 
consisted of X. tranlucens strains that were grown on 
solid Wilbrinks agar for three days.  One plate was 
washed into 3 L of 0.85% saline in the field just prior 
to inoculation producing approximately 107 cfu/ml.  
Carborundum was used at a rate of 10g/L of inocu-
lum.  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 
assessed 23 days after inoculation.
  At SDSU, a double-digit rating system was em-

ployed to assess both the severity of infection on 
leaves and also the height or vertical movement 
within the canopy.  Field trials were monitored and 
assessed four times at one-week intervals from boot 
stage through late milk/early dough stage.  A severity 
value was obtained for each assessment data point 
and from that data, area under the disease progress 
curve (AUDPC) could be calculated and an assess-
ment of rate of progress was made for each line in 
the tests.

2) A field experiment examining the impact of BLS 
on wheat yield was conducted in St. Paul.  Three 
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varieties (Blade, Knudson and RB07) were exam-
ined.  To generate various levels of disease the same 
inoculation methods described in Part 1 (see above) 
were used with the exception that needle inoculations 
were replaced by an inoculation using a gas-powered 
backpack sprayer ad carborundum amended inocu-
lum.  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.
  NDSU conducted field experiments from 2009-
2011 to examine the effects of foliar sprays and seed 
treatments on inoculated plots of Alsen and Freyr in 
an irrigated nursery.  Plots were rated using a 1-9 
scale and 1 ft2 areas were harvested for each plot to 
determine yield loss.

3) UMN collected isolates from around MN and 
currently has a collection of 92 Xanthomonas trans-
lucens isolates.  These have all been confirmed via 
media testing and 16S sequencing.  All 2009 and 
2010 isolates (33 total) plus four other Xt pathovars 
(poae, cerealis, phleipratensis and secalis) were 
examined in greenhouse pathogenicity tests using 
RB07 and Blade.  All greenhouse testing was per-
formed using leaf infiltration at the flag leaf stage with 
an inoculum concentration of 107 CFU/ml.  Leaves 
were harvested 14 dpi and were photographed for 
digital analysis.  Lesion length measurements were 
obtained manually and lesion areas were calculated 
using Fiji, a digital imaging program.
   NDSU collected leaf samples infected with Xan-
thomonas translucens pv. undulosa from Casselton, 
Carrington, Lisbon, Langdon, and Prosper in ND.  
These samples were mainly collected from breeding 
lines, winter wheat, spring wheat, and durum wheat 
cultivars.  Sample size varied according to the preva-
lence and distribution of the disease and ranged from 
23 to 63 within each location.  Bacteria were isolated 
from 2 to 4 mm leaf segments that were placed in 
100 µl of sterile distilled water.  One wire-loop of 
the resulting bacterial suspension was streaked on 
Wilbrink’s medium and incubated at 280C for 5 days.  
A single yellow colony was re-streaked on peptone 
sucrose agar (PSA) plates and incubated at 280C for 
3 days.  In this manner a total of 226 isolates of X. 
translucens pv. undulosa were isolated and stored in 
15% glycerol at -80ºC.
   At NDSU 29 strains from five locations in North 
Dakota were examined for their disease reaction on 
twelve wheat cultivars. These strains were previously 
confirmed by pathogenicity, biochemical and physi-

ological tests, and 16S rDNA sequence analysis.  
Two experiments were performed for each strain in a 
separate growth chamber.  The twelve wheat culti-
vars used were selected based on their response to 
BLS in previous studies.  The wheat cultivars includ-
ed were Alsen, Dam, Fil, Magnum, Mochis, ND495, 
Pavon, PI 266860, PI 345476, PI 326301, PI 338387, 
and PI 351315.  The spring wheat breeding line 
ND495 was used as susceptible check.  For each 
wheat cultivar, 18 plants (three plants/cone, three 
replications, and two experiments) were infiltrated on 
the flag leaf with a strain of X. translucens pv. undulo-
sa.  Disease reactions were assessed 7-10 dpi using 
a 0 to 6 scale.

4) Entries in a Minnesota advanced breeding nursery 
(AY1 2010) were screened in the St. Paul green-
house with a Minnesota Xt isolate collected in 2010 
(JA1-10A) via leaf infiltration.  Disease development 
was assessed using lesion area measurement. Varia-
tion in host susceptibility was observed across lines.  
Several of the lines that performed as most resistant 
and most susceptible agreed with field ratings.  Inter-
mediately susceptible varieties showed much more 
variability in performance both in the greenhouse and 
in the field.  AY1 and wheat breeding population were 
screened at three Minnesota locations (St. Paul, 
Crookston and Lamberton).  Entries were planted 
in one-foot long ‘dash’ plots, with six replications 
planted for each entry (4 inoculated and 2 non-inocu-
lated).  Plots were inoculated using a Solo backpack 
sprayer with carborundum.  Two inoculations (an-
thesis 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.
  At NDSU a total of 566 spring wheat accessions 
from diverse origin were arbitrarily selected and 
evaluated for resistance to BLS.  Wheat accessions 
were arranged in a randomized complete block 
design (RCBD) with three replications.  The strain 
BLS-CS42 from Casselton, ND was used in this 
study.  The inoculum density was adjusted to ca. 107 
CFU ml-1 and 10 to 15 µl of inoculum was infiltrated 
into a fully expanded flag leaf.  Disease reactions 
were assessed 7 to 9 dpi using a 0 to 6 rating scale 
(Milus and Chalkly, 1994).  Disease scores of 0 to 2 
(less than 10% water-soaking within the infiltrated ar-
eas) were considered resistant (R) whereas disease 
scores of > 2 to 6 (greater than 10% water-soaking) 
were regarded susceptible (S).
  In the process of determining when best to inoculate 
spring wheat in the field, germplasm tested in the 
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Advanced Yield Trial of the SDSU breeding program 
was inoculated with a bacterial cell suspension in the 
2009 growing season.  It was also hoped that some 
materials with contrasting levels of BLS resistance 
would be identified.  Population development largely 
took place in 2010 and by spring 2011, F1 plants from 
within approximately 60 unique populations were 
selected and screened for BLS resistance in the 
greenhouse.  In 2011 the F2 head-rows derived from 
F1 plants were screened in the field.  Resistance data 
were collected from all individuals screened in the F1 
and F2 generations (approx. 530 individuals).  During 
winter 2011-2012 molecular marker genotypes will 
be collected on each individual.  Assuming that BLS 
resistance is conferred by a single major-effect QTL 
inherited in a dominant fashion, then all individuals 
will be available to harvest as either a heterozygous 
or homozygous susceptible row at the New Zealand 
winter nursery.  It will be ideal if all marker genotypes 
can be collected and analyzed by early 2012, but 
if not, samples will be collected from all 532 rows 
in order to perpetuate each line.  In the event that 
it cannot be done in early 2012, this plan will allow 
eventual selections to be made based on putative 
BLS resistance QTL genotypes.

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 pro-
vided the tools to make progress in disease resis-
tance introgression.

Related Research

 In addition to MNWRPC funding, UMN currently 
has support from the Minnesota Small Grains Initia-
tive (SGI) and the Rapid Agricultural Response Fund 
(RARF) that has allowed 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 isolates.  SGI 
funding also supports research on seed screening 
assays, evaluation of commercially available cul-
tivars, parent germplasm and advanced breeding 
lines, extending field research plots to include barley 
as well as wheat.

  RARF funding supports the screening of segre-

gating populations for resistance to BLS, screening 
core collections of wheat and barley germplasm, 
examination of the relative role of seed borne inocu-
lum on disease development and production of an 
extension bulletin that describes BLS etiology and 
management.

Funding from all three grants combined with inter 
and intra departmental collaborations has allowed 
UMN to make significant progress in developing 
effective and reproducible screening methods BLS, 
refining methods to work with and correctly identify 
the pathogen, and allowing for initial detection of 
potential sources of resistance to BLS in both wheat 
and barley.

  The SDSU works outlined in this project was sup-
ported in part by the South Dakota Wheat Commis-
sion.  The matching funding supporting the graduate 
student research in the SD portion of this project.

Recommended Future Research

Although much progress has been made toward 
the objectives of this proposal, a proposal for FY12 
will be submitted to continue this research.  Further 
research both in the field and the greenhouse is 
needed to confirm the data generated over FY11.  
Additionally, although techniques have been devel-
oped to work with BLS further work in needed to 
refine and standardize these methods.  We anticipate 
that research in FY12 can provide valuable informa-
tion on the response of commercially available wheat 
cultivars to BLS and as well as identify sources of 
BLS-resistance in germplasm.
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