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Identifying New Sources of Resistance to Major 
Leaf Spot Pathogens in Hard Red Spring Wheat 

Tika Adhikari , NDSU, Fargo, ND

Executive Summary

 Tan spot, caused by Pyrenophora tritici-repentis 
[(Died.) Drechs.] is a devastating disease in wheat 
worldwide. Eight pathogenic races of P. tritici-repentis 
have been identified based on reactions on a set of 
standard wheat cultivars. Another leaf spot disease, 
Stagonospora nodorum blotch (SNB), is caused by 
Phaeosphaeria nodorum, reduces both grain yield 
and quality. These fungi produce host selective toxins 
in sensitive wheat cultivars and can cause up to 50% 
yield losses. Planting resistant cultivars is the best 
approach for managing these diseases in wheat.  
Therefore, newly identified sources for resistance 
to these diseases can be useful in wheat breeding 
programs.

Research Objectives

(i) To identify accessions of common wheat from 
the core subset with resistance to both tan spot and 
SNB,         

(ii) To identify wheat accessions which might have 
resistance to additional fungal leaf diseases, 

(iii) To confirm and validate the newly identified re-
sistance genes effective against leaf spot pathogens, 
and                      

(iv) To provide wheat breeders the new sources of 
resistance to multiple leaf spot pathogens and utilize 
them in wheat breeding programs

   
Materials and Methods

A set of 825 accessions from the Germplasm 
Resources Information Network (NSGC) core subset 
was selected to represent diverse habit (517 spring, 
308 winter), and country of origin (89 countries from 
six continents) (Table 1). 
Identifying sources of resistance to Tan spot. 

P. tritici-repentis race 1 is the most widely distrib-
uted in North America. Therefore, isolate Pti2 repre-
senting race 1, was used in this study. Two-week-old 
seedlings were spray-inoculated (3 X 103 conidia 
mL-1) until run-off. Disease was scored 8 d after 
inoculation using a 1 to 5 scale (Lamari and Bernier, 
1989), where 0-2 was considered resistant and 2.1-5 
susceptible.

Identifying sources of resistance to Stagonos-
pora nodorum blotch (SNB)

An aggressive isolate Sn2000 of P. nodorum col-
lected from North Dakota was used in this study. 
This isolate has been used previously for varietal 
screening.  Seedlings were spray-inoculated (1 X 106 

spores mL-1) at two leaf stage with a hand and rated 
for disease reaction 8 d after inoculation using a 0 to 
5 scale (Liu et al., 2004) where 0-2 was considered 
resistant and 2.1-5 susceptible.

For both diseases, experiments were conducted 
in the greenhouse at North Dakota State University, 
Fargo, ND. Experiments were laid out in a random-
ized complete block design with three replications 
and repeated twice. Three plants planted in each 
cone were considered as an experimental unit. Nine 
leaves (total 18 leaves) per replication were rated for 
each disease. 

Results

Analysis of variance of disease data for tan spot 
and SNB confirmed that no significant (P < 0.05) 
genotype X experiment interaction. Thus, the results 
of the two experiments were combined and mean 
disease score of each accession calculated. Of 517 
spring wheat accessions tested, 100 (19.3%) were 
resistant to tan spot and 96 (18.5%) were resistant 
to SNB (Table 1).  Of the 308 winter accessions 
tested, 116 (37.6 %) were resistant to tan spot and 
122 (39.6%) were resistant to SNB (Table 1).  In all, 
88 accessions were found resistant to both diseases. 
Not only were fewer spring accessions resistant, but 
the proportion of highly susceptible accessions with 
scores >4 were much higher among spring acces-
sions (59.1% for SNB, 59.5% for tan spot) compared 
to winter accessions (20.7 % for SNB, 17.5% for 
tan spot) (Fig. 1A and 1B). Two spring wheat acces-
sions from Canada and six wheat accessions from 
Mexico were resistant to tan spot. Four winter wheat 
accessions (CItr 11849, CItr 17529, CItr 17421 and 
CItr 13701) from the United States were resistant to 
tan spot. Similarly, two spring wheat accessions CItr 
12782, and CItr 13457 from the United States, one 
spring wheat accession CItr 14261 from Canada, 
and two spring wheat accessions CItr 8429 and CItr 
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14313 from Mexico were resistant to SNB. Eleven 
winter wheat accessions from the United States were 
resistant to SNB. 

Of the 111 spring wheat accessions from Africa, 
South Africa had maximum with four spring wheat 
accessions resistant to tan spot, and Sudan had with 
four spring wheat accessions resistant to SNB. Of the 
126 spring wheat accessions from Asia, China had 
maximum number of six and four spring wheat ac-
cessions resistant to tan spot and SNB, respectively. 
Similarly, of the 87 winter wheat accessions, China 
also had maximum eight and seven accessions 
resistant to tan spot and SNB, respectively. Of the 
158 spring wheat accessions evaluated from Europe, 
Russia had maximum with eight spring wheat acces-
sions and Portugal had maximum with eight spring 
wheat accessions resistant to tan spot and SNB. 
Similarly of the 155 winter wheat accessions from 
Europe, both Belgium and Bosnia Herzegovina each 
had seven accessions resistant to tan spot. Belgium 
also had eight winter wheat accessions resistant to 
SNB. Of the 80 spring wheat accessions assessed 
from South America, Uruguay and Brazil had maxi-
mum with seven and six accessions resistant to both 
tan spot and SNB. Similarly, of the 34 winter wheat 
accessions from South America, Chile had maximum 
with 18 and 11 accessions resistant to tan spot and 
SNB, respectively. 

Application /Use:

Wheat cultivars with high levels of resistance are 
often the best management strategy to avoid losses 
from plant diseases. The most successful cultivars 
will have resistance to all major diseases within the 
target production area. In this study, we identified 
88 accessions from the NSGC core subset that are 
resistant to both tan spot and SNB based on our ex-
perimental results. These resistant accessions need 
to be evaluated to other foliar diseases of wheat. 
Previous studies identified sources of resistance to 
tan spot and SNB in durum, wild and synthetic lines. 
Since the accessions we evaluated are commercially 
cultivated wheat varieties, breeding lines, or landra-
ces, and have diverse geographic origins, they are 
likely to have diverse resistance gene constitutions, 
and can be used directly in wheat breeding.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

Sources of resistance to multiple diseases will be 
utilized in wheat breeding programs in collaboration 
NDSU and UM wheat breeders. Developing high 
yielding and disease resistant varieties will have sig-
nificant  benefit to wheat growers in MN and ND.

Related Research

Evaluating these resistant cultivars to other leaf 
diseases and identifying molecular markers are in 
progress.

Recommended Future Research

Developing mapping crosses, analyzing their 
genetic of resistance and mapping populations with 
molecular markers are potential areas for future 
research.

Publications

Manuscript in preparation
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Appendix

Table 1.  Numbers of spring wheat and winter wheat accessions tested showing resistant§ and susceptible¶ 

reactions against tan spot and Stagonospora nodorum blotch (SNB) from six continents§.

Spring Winter
 Tan spot SNB Tan spot SNB
Continent Resis-

tant (n)
Total 
(n)

Resis-
tant 
(%)

Resis-
tant 
(n)

Total 
(n)

Resis-
tant 
(%)

Resis-
tant 
(n)

Total 
(n)

Resis-
tant 
(%) 

Resis-
tant 
(n)

Total 
(n)

Resis-
tant 
(%)

Africa 12 111 10.8 15  111 13.5   0   3  0.0   0 3   0.0
Asia 22 126 17.5 15  126 11.9 23  87 26.4 24   87 27.6
Australia   0    9   0.0   0     9 0.0   1    3 33.3   2    3  66.7
Europe 33 158 20.9 36  158 22.8 68 154 44.15 69 154  44.80
North 
America 

  8   31 25.8   5    31 16.1   4  25 16.0 11   25  44.0

South 
America 

24  80 30.0 24   80 30.0 20  35  57.14 16   35  45.71

Unknown   1    2   1     2    1   0     1
Total 100 517 19.3 96 517 18.5 116 308 37.6 122 308 39.6

§ Wheat accessions were classified as resistant (R) if the average disease mean score <2 in the greenhouse, 
North Dakota State University, Fargo, ND. 
¶ Wheat accessions classified as susceptible (S) if the average disease mean score >2 in the greenhouse, 
North Dakota State University, Fargo, ND.
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