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Executive Summary

Bacterial leaf streak (BLS) or black chaff of wheat 
is caused by Xanthomonas translucens pv. undulosa 
(Vauterin et al., 1995). The bacterium causes water-
soaked streaks with exudates on the leaves and 
black chaff on the ear-heads of wheat. In the past, 
the disease has been managed by seed treatment 
with hot water (Fourest et al., 1990) or mercury fungi-
cides (Mathre, 1982); however, these methods were 
ineffective. Breeding wheat varieties for resistance 
to BLS has little success. In this research project, we 
evaluated different strategies (host plant resistance, 
bactericide and bio-control products) for managing 
the BLS.

Research Questions

1) Identify sources of resistance to BLS in wheat,  
       and

2) Evaluate moderately susceptible wheat cultivars,  
       plant activator, bio-control agent and bactericide

    for controlling BLS

Results

Varietal resistance to BLS: Differences in suscepti-
bility to BLS were observed among wheat genotypes 
evaluated in this study. Most of the commercial wheat 
varieties were susceptible to BLS. Wheat breeding 
line ND807 (ND2831//Parshall/ND706) was found to 
be resistant to BLS.

Disease severity in Alsen and Fryer 2009: All seed 
treatments and sprays significantly reduced disease 
severities in both wheat cultivars compared with un-
sprayed check. In bacteria inoculated plots (positive 
control), disease severity was high (41.6% in Alsen 
and 50.16% in Fryer), while in seed treatments and 
sprays plots disease severities ranged from 8.73% in 
Alsen to 18.33% in Fryer. Regardless of wheat culti-
vars, both seed treatments and sprays were effective 
in reducing the disease severities in 2009.

Disease severity in Alsen and Fryer 2010: In 2010, 
disease gradient varied considerably in experimen-
tal plots. As a result, disease severities were high in 

all treatments. Disease severity was recorded low 
29.33% in Alsen while it was high 72.37% in Fryer. 
Alsen seed treated with Actigard, and sprayed with 
Kocide, Messenger, and Serenade significantly 
reduced disease severities when compared with the 
untreated or unsprayed plots. In contrast, all seed 
treatments and sprays significantly reduced disease 
severities in Fryer in 2010.

Total seed weight from 1 × 1 sq ft plot in 2009 and 
2010: In general, less seed weight was recorded in 
2010 than in 2009 regardless of cultivars and treat-
ments. Although some differences in total seed 
weight were observed among treatments, data were 
inconsistent. Therefore, further field experiments are 
necessary to accurately estimate yield data.

Application/Use

The majority of wheat genotypes were susceptible 
to BLS. Only few advanced breeding lines appear to 
have some levels of resistance to BLS. BLS remains 
the limiting factor for successful wheat production 
and continued testing wheat germplasm and deploy-
ing resistant varieties would play an important role 
in BLS management. Wheat breeding line ND807 
(ND2831//Parshall/ND706) can be used for breeding 
program.

All seed treatments and sprays reduced disease 
severities in Fryer in both years, indicating that selec-
tion of wheat cultivar has impact on disease develop-
ment. The striking difference in disease severities be-
tween the 2009 and 2010 trails is difficult to explain 
from the recorded weather conditions and natural 
infection. The more likely explanation for the dis-
crepancy was a greater availability of natural inocula 
(i. e., immigrant inoculum) in 2010 because of the 
presence of higher disease severities in the experi-
mental plots and surrounding fields. Although seed 
treatments appeared to be reduced disease severity 
in both wheat cultivars, the total yield improvements 
were not large enough.

 
Materials and Methods

In total, 173 elite wheat genotypes from the north-
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ern Great Plains were evaluated in the greenhouse. 
Plants were infiltrated with X. t. pv. undulosa (strain # 
BLSW16) at flag leaf stage. The experiment was con-
ducted in a randomized complete block design with 
three replicates. Disease reaction within the infiltrated 
areas was scored 14 days after infiltration (Milus 
and Mirlohi, 1994), using 0 to 4 scale where 0 = no 
visible symptoms; 1 = chlorosis without water-soaked 
lesions; 2 = water-soaked less than 25%; 3 = water-
soaked 25-100%, and 4 = water-soaked extending 
beyond infiltrated area.

Field experiments were conducted at Fargo in the 
NDSU campus field plots during 2009 and 2010 sum-
mer growing season. Each plot was 4ft long and 4 
rows wide (with 6 inch spacing between rows). Plots 
were planted with a small 4-row plot planter each 
year at a rate of 20g seed/plot. Field location varied 
between years as did residue from previous crops 
(soybean in 2009 and flax in 2010). Two varieties 
used were Alsen and Fryer. There were three replica-
tions of each treatment within each variety consist-
ing of Actigard seed treatment and spray (Actigard 
50WG, 50% Acibenzolar-S-methyl, Syngenta Crop 
Protection Inc., Greensboro, NC 27409); Kocide seed 
treatment and spray (Kocide 2000 T/N/O, copper 
hydroxide 53.8%, Griffin L.L.C., Valdosta, GA 31601); 
Messenger seed treatment and spray (Messenger 
STS, Harpin Protein 3.0%, Eden Bioscience Corp., 
Bothell, WA 98021); and Serenade seed treatment 
and spray (Serenade MAX, QST 713 strain of Bacil-
lus subtilis 14.6%, AgraQuest Inc., Davis, CA 95618). 
There were also plots which received only bacterial 
inoculum and no treatment (positive control). Plots 
were randomized within the replications.

Seed treatment: was done by soaking 80g of seed in 
a suspension of the various chemicals for 24 hr in the 
laboratory. The seed was air dried for 24 hours and 
used within a week or two of production.

Seed treatment rates are as follows:  
Actigard ¾ oz /100gal/acre (0.055g/L)
Kocide (0.45kg/ha (1.2g/L)
Messenger 4oz/100 gal/acre (0.294g/L)
Serenade 3lb/100 gal/acre (3.55g/L)

Spray treatment: was done by spraying the plots 
with a hand-held boom sprayer with 2 drop nozzles 
at 35psi. Approximately 333 ml was applied to each 
treatment area (6 treatments needed 2000 ml spray).

Spray treatment rates are as follows:  
Actigard 3/4 oz/acre (0.546g/2L)
Kocide 0.45kg/ha (4.73g/2L)
Messenger 4oz/acre (2.91/2L)
Serenade 3lb/acre (24.96g/2L)

Before spraying occurred, the plants were inoculated 
with bacterial suspension (strain BLSW16) at the 
standard concentration. BLS was grown on peptone 
sucrose agar (PSA) plates for 72 hrs. Colonized 
plates were flooded with sterile distilled water and 
scraped with a sterile inoculating loop. Inoculum 
was applied evenly to all plots with a 2-gal handheld 
garden pressure sprayer. Spraying was done in the 
evening to prevent excessive drying. After plots were 
sprayed with the bacterial suspension, plants were 
gently raked with a leaf rake in an upward manner 
to allow some wounding to take place. Water inocu-
lated (negative control) plants were wounded first to 
prevent contamination.

During the incubation period, an overhead mist sys-
tem was used promote infection (Rainbird system). 
The mist ran during the night (from 10 pm to 8 am, 
with 10 min of mist every hr). There was no misting 
for 24 hr after spray treatments.

Planting dates included May 18, 2009 and May 10, 
2010. Plots were inoculated when plants were 7 
weeks old. The first chemical spraying took place 4-5 
days after the BLS inoculation. In 2009 and 2010, 
three applications of bactericides were made, all ap-
proximately 7-11 days apart. Plots were rated 6-10 
days after each spraying.

Disease assessment: Within each plot, 10 plants 
were tagged and rated throughout the experiment. 
Disease severity (%) was recorded on of the flag 
leaf 15 days after bacteria inoculation. Tagged plants 
were scored throughout the experiment, unless the 
tag fell off, then data for that plant was missing. After 
plants had matured and dried, a 1 ft2 area was har-
vested in order to obtain total seed weight data.

Data analysis: The disease severity was not uniform 
across plots and treatments. Therefore, we used t 
tests to compare the disease severities and yields of 
the different seed and spray treatments with the cor-
responding metric from the untreated control plots. 
We did the t tests within a year and variety (i.e., Alsen 
and Fryer) as described previously (Shah and Dillard, 
2010). We used TTEST procedure (SAS 9.2; SAS 
Institute, Cary, NC) for t- test analysis. 
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Economic Benefit to a Typical  
500 Acre Wheat Enterprise

Reliable data on yield losses due to BLS are still 
not available. Thus, it is difficult to calculate what 
the economic benefit would be to a 500 acre wheat 
enterprise in Minnesota and North Dakota. The cur-
rent study’s results conceptually agree that a cost-
effective benefit largely depends on planting mod-
erately resistant wheat cultivar in combination with 
seed treatment or foliar sprays should minimize yield 
losses due to this disease.

Related Research

Screening more wheat accessions and transferring 
resistance into adapted wheat cultivars are underway 
in a three-state coordinated project. This project will 
provide further information on disease resistance 
breeding.

Recommended Future Research

Continued research to determine disease threshold 
level and yield losses seem to be reinforced in multi-
location trails. Quantitative foliar disease assess-
ments in terms of disease incidence-severity relation-
ships may of utility in the practical determination of 
economic thresholds.
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