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Executive Summary

Two fungal leaf spot diseases such as tan spot 
(caused by Pyrenophora tritici-repentis) and St-
agonospora nodorum blotch (SNB) (caused by Pha-
eosphaeria nodorum) are destructive in wheat. Both 
fungi produce host selective toxins in sensitive wheat 
genotypes and can cause up to 50% yield losses. 
Although planting resistant varieties is one of the best 
strategies for managing these diseases, the majority 
of presently grown wheat varieties are susceptible 
to both diseases. Therefore, identifying new sources 
of resistant in wheat to these diseases is the main 
priority.

Research Questions

(i)  To evaluate resistance for tan spot and SNB in 
wheat

(ii)  To determine genetic relationships among re-
sistant wheat accessions using DNA markers, and    
   (iii)  To provide wheat breeders with novel sources 
of resistance to leaf spot diseases 

Results

Of the 517 spring wheat accessions evaluated, 
nearly 19.3% were resistant to tan spot and 18.5% 
were resistant to SNB (Table 1).  Among 308 winter 
wheat tested, 37.6 % were resistant to tan spot and 
39.6% were resistant to SNB (Table 1).  In all, 88 
wheat accessions were resistant to both diseases. 
Four winter wheat genotypes (CItr 11849, CItr 17529, 
CItr 17421 and CItr 13701) from the United States 
were resistant to tan spot. Similarly, two spring wheat 
genotypes CItr 12782, and CItr 13457 from the Unit-
ed States, one spring wheat CItr 14261 from Canada, 
and two spring wheat CItr 8429 and CItr 14313 from 
Mexico were resistant to SNB.

Among the Asian spring wheat, eight and seven 
winter wheat resistant to tan spot and SNB, respec-
tively were from China. Among the European spring 
wheat, Russia had maximum with eight spring wheat 
and Portugal had maximum wheat resistant to tan 
spot and SNB. Similarly of the 155 winter wheat ac-
cessions from Europe, both Belgium and Bosnia Her-
zegovina each had seven accessions resistant to tan 
spot. Belgium also had eight winter wheat resistant 

to SNB. Of the 80 spring wheat assessed from South 
America, Uruguay and Brazil had maximum with 
seven and six accessions resistant to both tan spot 
and SNB. Of the 34 winter wheat accessions evalu-
ated from South America, Chile had maximum with 
18 and 11 accessions resistant to tan spot and SNB, 
respectively. Of the 111 spring wheat tested 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. Average of over 24 DNA bands was scored for 
each RGAP primer. The dendrogram showed that 
spring and winter wheat grouped separately (Fig. 1). 

Application/Use

  The 88 wheat accessions were resistant to both tan 
spot and SNB. We further used the GRIN data and 
identified 28 accessions which were resistant to more 
than one major pest and diseases of wheat. This sug-
gests that genetically diverse wheat accessions have 
broad-spectrum of resistance to multiple diseases 
(Gurung et al., 2009). We also used resistance gene 
analog polymorphism (RGAP) markers to identify 
novel genes for resistance to both tan spot and 
SNB. Crosses could be made between resistant and 
susceptible accessions identified in different clusters 
and segregating populations could be screened for 
resistance using RGAP markers. Molecular mark-
ers closely linked to the resistance gene(s) could be 
used for marker-assisted selection (MAS).

Materials and Methods

  In total, 825 accessions from the Germplasm Re-
sources Information Network (NSGC) were evaluated 
for tan spot and SNB. These included both spring 
wheat (n = 517) and winter wheat (n = 308) and 
country of origin (89 countries from six continents) 
(Table 1). 

Screening for Tan spot resistance 
Two-week-old seedlings were spray-inoculated with 
P. tritici-repentis race 1 (isolate # Pti 2) and disease 
reactions were assessed 8 d after inoculation using a 
1 to 5 scale (Lamari and Bernier, 1989), where 0 to 2 
was considered resistant and 2.1 to 5 susceptible.
Screening for SNB resistance
Seedlings were spray-inoculated with P. nodorum  
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(isolate # Sn2000) at two leaf stage and disease 
reactions were rated 8 d after inoculation using a 0 to 
5 scale (Liu et al., 2004) where 0 to 2 was considered 
resistant and 2.1 to 5 was susceptible.

Experiments were laid out in a randomized complete 
block design with three replicates. Nine leaves per 
replication were rated for each disease. Experiments 
were conducted in the greenhouse.

RGAP analysis
Genomic DNA was extracted from the 88 resistant 
accessions and analyzed using 10 RGAP primers 
having different conserved domains of plant resis-
tance genes as described previously (Chen et al., 
1998; Yan et al., 2003). All polymorphic bands were 
scored from 88 resistant wheat accessions and ana-
lyzed using NTSYS Program.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

   Leaf spot diseases can cause average of yield 
losses from 10 to 15%. Additionally, these diseases 
can affect grain quality. The resistant accessions 
identified in this study can be utilized as sources of 
resistance to multiple diseases in wheat breeding 
programs by NDSU and UM wheat breeders. Devel-
oping high yielding and disease resistant varieties will 
have significant impact on both yield and quality.

Related Research

   Evaluating these resistant cultivars to other leaf 

diseases and identifying molecular markers are in 
progress.

Recommended Future Research

   Crossing between resistant parents between two 
clusters or origins, analyzing their genetics of resis-
tance and mapping populations with molecular mark-
ers are potential areas for future research.
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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 Resistant 

(n)
Total 
(n)

Resistant 
(%)

Resistant 
(n)

Total 
(n)

Resistant 
(%)

Resistant 
(n)

Total 
(n)

Resistant 
(%) 

Resistant 
(n)

Total 
(n)

Resistant 
(%)

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, NDSU Fargo, ND.
¶ Wheat accessions classified as susceptible (S) if the average disease mean score >2 in the greenhouse, NDSU, Fargo, ND.
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Appendix (continuted)

Fig 1.

Fig 1. Dendrogram of 88 wheat accessions (n = 39 spring wheat and n = 49 winter wheat) showing genetic similarity based on 
Dice’s index using 268 Resistance gene analog polymorphic marker’s data of 11 primers. The abbreviation of the accessions 
names is as follows: Accession prefix (CItr or PI) followed by accession number. This accession number is followed by acces-
sion status abbreviated as L = landrace, B = breeding line, CV = cultivar and CD = cultivated. The accession status is followed by 
country or origin and the last letter S or W denotes spring or winter type.
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