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Final progress report for the three years research project (2014-2017)  
Title: Upper Great Plains Wheat Pathology Collaboration: Bacterial leaf streak, root and crown rots 
and viral diseases of wheat 
 
 

By Shaukat Ali and Emmanuel Byamukama 
 
Objectives 

1. Identify sources of resistance to BLS using the established regional collaborative field nursery 
2. Optimize the methods for screening wheat at seedling stage in the greenhouse 
3. Examine the influence of leaf spot pathogens and fungicide applications on BLS development 
4. Complete fungal isolation from the sub crown internodes and crown samples collected in 2015 
5. Characterize fungi based on morphological characteristics, DNA sequence, and pathogenicity 
6. Optimize methods for screening wheat to root rot pathogens, both in the greenhouse and field  
7. Screen commercial cultivars and advanced breeding lines for resistance to CRR and FCR 
8. Conduct field surveys of root rot diseases in certain regions or areas of particular interest 
9. Develop virus characterization and diagnostic tools 
10. Examine the epidemiology and distribution of cereal viruses in spring and winter wheat` 
11. Determine the occurrence and distribution of cereal viruses on non-wheat hosts 
12. Develop management strategies for viral diseases 
13. Disseminate information to wheat growers 

 
Bacterial leaf streak (BLS) 
Development of a reliable method for screening germplasm against BLS at seedling stage in 
greenhouse 
Two BLS hard red susceptible wheat cultivars (Briggs and Select) seedlings were raised in containers and 
inoculated with Xanthomonas campestris pv. translucens (the causal organism of BLS) either by spraying 
bacterial cells suspension or infiltrating directly into the leaves using a needleless syringe. Half of the BLS 
inoculated plants (sprayed and infiltrated) were placed in the humidity chamber for 48 hours at 100% 
humidity and then moved to the greenhouse bench. The other half of the inoculated plant were placed 
directly in aluminum trays with water in a plastic tent in the greenhouse. This set of plants were misted for 
10 minutes every two hours. The BLS severity data was recorded ten days post inoculation. The experiment 
was repeated 4 times.  
 

 
 

The leaves infiltrated with the needless syringe provided consistent results. This method is now utilized for 

Resistant	plants	showing	no	expansion	in	leaf	infiltrated	area	at	10	
DAI

Susceptible plant showing expansion in leaf infiltrated area at 10 DAI  
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wheat germplasm screening against BLS. Two graduate students of SDSU Winter Wheat Breeder, recently 
graduated, screened wheat germplasm following the same protocol.    
 
Bacterial leaf streak (BLS) tristate cooperative nursery comprised of 120 lines/cultivars/year was planted at 
Brookings, for identification of sources of resistance during 2014 through 2017. Disease data was recorded 
and communicated back to the respective breeders located at NDSU, SDSU, and UM.  
 
 

 
 
Additionally, 286 wheat genotypes obtained from CIMMYT, Mexico and evaluated for their reaction to 
BLS at seedling stage in the greenhouse. The genotypes exhibited differential reaction from susceptible to 
the resistant reaction against BLS. Eleven of the evaluated genotypes exhibited resistant reaction and some 
of them shared with our SDSU spring wheat and winter wheat breeders for using these lines in their 
crossing blocks.  
 
 
Effect of leaf spot pathogens and fungicide application on bacterial leaf streak development in wheat 
under field conditions in South Dakota 
 
BLS is on the increase and has become a serious problem during the last decade or so in the northern Great 
Plains including South Dakota. This disease increase in the region is anecdotally thought to be due to use of 
susceptible wheat cultivars; the fungal leaf spot pathogens like Pyrenophora tritici-repentis (Tan spot) may 
provide an avenue (injury) for the bacterial penetration and increase in fungicide application for FHB and 
leaf diseases management that may enhance the opportunity for BLS development due to less competition. 
 
We investigated the effect of 1) co-inoculation of X. translucens pv undulosa and P. tritici-repentis and 2) 
application of fungicide after the pathogens co-inoculation on BLS development. 
To accomplish these objectives, two hard red spring wheat cultivars Briggs (BLS susceptible) and Select 
(moderately susceptible to moderately resistant) were planted in a randomized complete block design with 
three replications. The experiment was conducted at SDSU Agriculture Experiment Research Station, 
Volga, SD in 2014 and 2015. Three plots of each cultivar were inoculated with X. translucens pv undulosa 
alone (Treatment 1); inoculated with P. tritici-repentis spore suspension + X. translucens pv undulosa (T2);  
P. tritici-repentis spore suspension + X. translucens pv undulosa + applied fungicide (Prosaro) (T3); P. 
tritici-repnetis alone (T4) and non-inoculated + untreated (T5) BLS disease severity data was recorded by 
rating randomly 10 flag leaves/replication for percent necrotic leaf area 12 days post-inoculations.  
 

BLS symptoms on adult wheat plants in BLS field nursery 2016 



	 3	

 
 
BLS was significantly higher in the bacteria + fungi inoculation (treatment 2) (Briggs = 50.5% and Select = 
28.0%) and P. tritici-repentis spore suspension + X. translucens pv undulosa + applied fungicide (Prosaro)  
(T3) (Briggs = 41.83% and Select = 24.5) as compared to treatment 1 (Briggs = 23.33% and Select = 
10.0%).BLS severity was higher in treatment 2 compared to treatment 3 in both cultivars but they were not 
statistically significant. BLS severity was significantly higher in Briggs cultivar compared to Select cultivar 
in treatments 1 through 3. The results indicate that leaf spot infection may help in enhancing X. translucens 
pv undulosa infection and ultimately in the disease development. Also, the fungicide application may help 
in decreasing tan spot development and hence decrease competition for BLS development.  
 

 
 
 
 
 
 
 

Fig. 2. Fungicide application 16 hours post inoculations of field plots inoculated with X. 
translucens pv undulosa and P. tritici-repentis    

LSD value for treatments (Briggs = 9.98 and Select = 6.35) 
 
Fig.3 Effect of different treatments on BLS development under field conditions in Volga, SD 
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Root diseases associated pathogens in South Dakota 
Disease survey 
Thirty-nine root samples were collected from various fields across the state during 2014 (n=31) and 2015 
(n=8) growing seasons and analyzed for pathogens associated with root diseases. Isolations were made 
from the collected samples using the standard protocols. For example, roots of all collected samples were 
thoroughly washed under tap water to remove the dirt and then cut into small (~1 cm long) segments and 
plated on ½ PDA for Bipolaris sorkiniaina (common root rot) and Fusarium graminearum (crown rot) and 
SMGGT media for Gaeumannomyces graminis var. tritici (take all). The fungus Fusarium 
graminearun (crown rot pathogen) and Bipolaris sorokiniana (common root rot) were recovered 
from the collected samples (Table 1). None of the collected samples harbored G. graminis var. 
tritici (take all). However, a few root samples collected in 2013 were with G. graminis var. tritici 
(take all) fungus.  

 
Table 2.1 Recovery of root associated pathogens from root samples collected from South Dakota in 

2014 and 2015  

Year Total Samples Fungal Species % number of samples infected 

2014 31 Fusarium graminearum 100 

  Bipolaris sorokiniana 51 

  Gaeumannomyces graminis 0 

2015 8 Fusarium graminearum 100 

  Bipolaris sorokiniana 50 

 
 

Effect of two commonly recovered F. graminearum and B. sorokiniana on seed germination and of 
spring wheat cultivars.   

- Eleven hard red spring wheat cultivars were evaluated against two common and important root diseases 
(common root rot and crown rot) pathogens for their effect on seed germination and seedling mortality 
under greenhouse and field conditions. The cultivars were either fungicide seed treated or non-treated . In 
greenhouse experiment, 2-32% reduction in seed germination/mortality was observed in the cultivars. 
Advance, Briggs, Oxen, Prevail, Traverse cultivars were found to be more prone to crown rot pathogen. 
The cultivars Forefront and SD4189 were found to be less prone to crown rot pathogen. Similar trend was 
observed in seed germination in field experiment. Fungicide treatment improved the seed germination (2-
13%).  
Evaluation of commercial wheat cultivars and advanced lines for their reaction to Common root rot 
and Fusarium crown rot.  

- Eleven hard red spring wheat cultivars/lines were evaluated against common root rot and 
Fusarium crown rot in the greenhouse. Seeds of all eleven genotypes were planted individually in 4 inches 
pots (4 plants/pot) filled with Sunshine mix with ?? replications for each of CRR and FCR. The soil was 
autoclaved prior to planting the experiments. Four pots with 16 plants of each genotype were inoculated 
individually with Fusarium graminearium (FCR) and Bipolaris sorokiniana (CRR) spore suspension at 
two-three leaf-stage (Figure 1). The inoculated plants were watered and fertilizer added as needed until the 
termination of experiments. At around maturity, the plants were removed from each rep and washed under 
tap water and then placed in buckets with water to remove the soil prior to disease rating. All except one 
“Traverse” genotypes exhibited a moderately resistant reaction to FCR. Traverse exhibited the moderately 
susceptible reaction to FCR. In contrast, all genotypes exhibited susceptible to moderately susceptible 
reaction to common root rot.  
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Reaction of eleven wheat genotypes/cultivars to common root rot and Fusarium crown rot under 
greenhouse conditions 2016-2017 

	 Common	root	rot	 Fusarium	crown	rot		
Cultivar/line Disease	Reaction Disease	Reaction 
SD4189 MS MR 
SD4215 MS MR 
Briggs MS MR 
Russ S MR 
Oxen MS MR 
Select MS MR 

Traverse MS MS 
Forefront MS MR 
Prevail S MR 
Brick S MR 

Advance S MR 
Wheat genotypes were rated for Fusarium crown rot following the rating scale 1- 4 (Moya-Elizondo and 
Jacobson 2016) based on % crown/root infected area (1 = 0-25%; 2 = 25-50%; 3 = 50-75%; and 4 = 75-
100%) and the genotypes were rated for common root rot using the disease rating scale 1-4 (Tobias et al. 
2009) based on %root infected area (1 = 0% severity; 2 = plants with 1-20% severity; 3 = 21-50%; and 4 = 
plants with severity >50%  
 
 
Deliverable: 

• Developed a reliable BLS disease screening method at seedlings under greenhouse and 
already followed in our and two graduate students research for screening germplasm for 
BLS resistance 

• Identified sources of resistance for BLS and shared the resistant lines with SDSU wheat 
breeders.  

• Generated information on spring wheat cultivars reaction to crown rot and common root rot 
and that can be used directly or as sources of resistance  

• Information of important root diseases pathogens wheat prevalent in South Dakota were 
obtained and this will help in screening germplasm and developing root rot resistant wheat 
cultivars 

Fig.	(L-R)	Effect	of	F.	graminearum	(Fg)	(crown	rot-pathogen)	and	B.	sorokiniana	(Bs)(common	
root	rot-pathogen)	infested	seed	on	seed	germination.	A	(L-R)	Oxen	(control,	seed	infested	with	
Fg,	and	infested	with	Bs;	B	(L-R)	“Russ	(control,	seed	infested	with	Fg,	and	infested	Bs	and	C-	
layout	of	field	plot	with	six	different	treatments	(L-R)	T1-uninfested	seed,	T2-uninfsted	and	
treated	with	fungicide,	T3-seed	infested	with	Bs,	T4-infested	with	Bs	and	treated	with	fungicide,	
T5-infested	with	Fg	and	treated	with	fungicide,	T6-infested	with	Fg	(3). 

A B C 
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• Leaf spot pathogens and excessive fungicide application for leaf and head diseases can aid in 
BLS development. The information was presented at the Annual APS meeting 

• Most of information generated during this project was presented at the professional 
meetings and AG Horizon meeting  

• One graduate student was trained in various aspects of plant pathology 
  
 
 
 
Virus Diseases of Wheat  
Wheat viruses, especially viruses transmitted by the wheat curl mites (WCM) continue to pose challenges 
for wheat production in the central and western parts of the state. This area tends to have drier conditions 
which support the vector build-up. This area also practices wheat fallow which encourage volunteer wheat 
survival. Some of the growers had severe outbreak of wheat viruses (Fig. x)  that they had spray out winter 
wheat and plant something else WCM-transmitted viruses are Wheat streak mosaic virus (WSMV), 
Triticum mosaic virus (TriMV), High Plains virus (HPV). From over 427 wheat samples tested in the three 
year period, WSMV was the most predominant virus detected in symptomatic wheat samples (67%) 
followed by Barley yellow dwarf virus (BYDV).  A few samples were detected with HPV (9%). TriMV 
was only found in 5% of the samples tested. Very few samples were found with double infection of WSMV 
and TriMV or WSMV+HPV (Figure 5)  
 

 
Figure 4? A wheat field with severe Wheat streak mosaic virus in Tripp County  
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Fig. 5 Viruses detected in wheat samples 2016. 
 
Wheat samples suspected to have BYDV were also submitted to our collaborator at the University of 
Minnesota at Crookston to be further confirmed with PCR test and determination of strains of BYDV. The 
PCR results indicated that the predominant strain of BYDV was BYDV-PAV. This strain is transmitted 
mainly by the bird cherry oat aphids. Other aphid species that transmit BYDV include English grain aphid 
and greenbug aphid but as our results indicate, the strains transmitted by these aphid species are not 
common 
 
From discussions with producers and observing wheat fields with severe WSMV outbreak, the most 
important risk factor for WSMV was the field conditions and time of planting winter wheat in fall. Fields 
where wheat followed wheat and planting was done in August resulted in WSMV outbreak. Also, fields 
where planting was done before volunteer wheat and grass weeds had completely desiccated also resulted 
in developing severe WSMV. The previous three years have also seen mild fall conditions with delayed 
first killing frost conditions. These conditions favor continued WCMS reproduction and movement within 
the field. Barley yellow dwarf virus was mainly associated early-planted winter wheat. However, the extent 
of BYDV spread within the field was limited, just a few clusters of plants that were symptomatic. This 
virus does not cause significant yield loss compared to WSMV, which can cause even up to 100% yield 
loss of the entire field.  
 
Deliverables on the virus objectives:  

• Over 400 wheat symptomatic samples were tested and the predominant virus was Wheat streak 
mosaic virus 

• The most important risk factors for WSMV were early planting in fall and incomplete destruction 
of volunteer wheat 

• The strain of Barley yellow dwarf virus transmitted by bird cherry oat aphids.  
 
Outreach deliverables.  
 
Information on diseases that developed on wheat during the season was provided to stakeholders via iGrow 
extension publications (32 publications in the three years), wheat walks, field days, and wheat plot tours. 
Also both the PI and CoPI gave presentations and answered grower questions during the Ag Horizon 
meeting in Pierre. Fact sheets on WSMV, bacterial leaf streak, and common root rots were produced and 
disseminated to users during the various grower and agronomists meetings. These publications are also 
posted online.  


