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Developing Leaf Spot Resistant HRSW Cultivars  
Adapted for W. Minnesota and E. North Dakota
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Research Question

(1) To transfer newly identified resistance to leaf 
spots including tan spot, Stagonospora nodorum 
blotch, and Septoria tritici blotch into hard red spring 
wheat germplasm.

(2) To develop cultivars with durable and multiple 
leaf spot resistance genes those are adapted to 
Western Minnesota and Eastern North Dakota.

Results

Previously, the Minnesota Wheat Research and 
Promotion Council funded a project entitled “Screen-
ing for Leaf Spots Resistance in Hard Red Spring 
Wheat” wherein elite lines were identified to be re-
sistant to the leaf spotting disease complex compris-
ing of tan spot (TS), Stagonospora nodorum blotch 
(SNB) and Septoria tritici blotch (STB). In the present 
project entitled “Developing leaf spot resistant hard 
red spring wheat cultivars adapted for western Min-
nesota and eastern North Dakota”. The novelty of the 
resistance genes present in these resistant sources 
was determined in the first studies through genetic 
and molecular studies. Subsequently efforts are be-
ing made to transfer the leaf spotting resistance into 
genetic material adapted to the western Minnesota 
and eastern North Dakota wheat growing regions. 

The results from our previous studies revealed 
that ND 735 (Mergoum et al. 2006) possesses major 
genes for resistance to multiple races of Pyrenophora 
tritici-repentis (TS) and Phaeosphaeria nodorum 
(SNB) (Singh et al. unpublished). Genetic and map-
ping results confirm that culture filtrate can be used 
a surrogate to spore inoculation to races/pathogens 
tested and identification of user friendly markers 
closely linked to the resistance genes further enhanc-
es the potential of marker assisted selection for leaf 
spot resistance breeding. Presently, a M.S. student 
is dissecting the genetics of resistance to STB in the 
population Steele-ND/ND735 and promising results 
are expected.

The resistant cultivar Oklee and breeding lines 
MN03291 and ND 735 are adapted to the Northern 
Great Plains of North America and are resistant to 

TS, SNB, and STB (Mergoum et al. 2007; Mergoum 
et al. 2006). Additionally, genotypes 92MREHTR28B, 
CIMMYT L no. 18, Intros no. 7, Salamouni, and 2000 
Spelt no. 20 were found to be resistant to the three 
leaf spot diseases tested. These resistant sources 
also come from a diverse genetic background and 
potentially possess different genes for resistance to 
leaf spotting diseases. Unfortunately, these sources 
are not well adapted to the Northern Plains region 
where spring wheat is grown. Although, the incorpo-
ration of resistance from these sources will require 
several breeding cycles, the use of these sources will 
result in cultivars with broad, effective, and durable 
resistance to leaf spot diseases. 

Since 2007, the adapted resistant sources (Oklee, 
MN03291, and ND735) have been hybridized with 
other adapted wheat cultivars in order to develop 
breeding populations. The F1 and F2 generations 
and advance population of these crosses are being 
developed and evaluated for agronomic and disease 
resistance in the wheat breeding programs at NDSU, 
Fargo in order to develop tan spot resistant cultivars. 
Additionally, to broaden the genetic base of resis-
tance to tan spot, the resistance from ‘un-adapted’ 
lines; Intros # 7, 2000 Spelt # 20, 92 

MREHTR28B, and CIMMYT L # 18, is also being 
introgressed into the locally adapted germplasm. 
These un-adapted resistant sources were crossed 
with locally adapted high yielding germplasm and 
backcross population of these crosses are being 
developed, and will be advanced and evaluated for 
agronomic traits and leaf disease resistances in the 
wheat breeding programs at NDSU, Fargo in order to 
develop tan spot resistant cultivars. 

Application/Use

The information on the genetics of resistance for 
leaf spots in spring wheat and the resistant germ-
plasm developed is providing vital information/re-
sources to breeders in developing resistant varieties. 
The identification of resistant lines/genotypes pos-
sessing novel resistance genes and its use in devel-
opment of broad genetic base resistant wheat culti-
vars with high quality and agronomic characteristics 
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is necessary to efficiently and economically manage 
leaf spots diseases, thus minimizing losses in grain 
yield and quality which will improve the economic re-
turn of wheat producers in the spring wheat region in 
general, and in MN and ND, in particular. These su-
perior cultivars, in conjunction with crop rotation, will 
provide an effective and environmentally safe means 
of controlling leaf spotting diseases. With durable and 
broad base resistant varieties the use of fungicides, 
a practice not often environmentally safe and cost 
effective, would not be necessary. Improved control 
of leaf spots with resistant varieties should minimize 
losses in grains yield and quality thereby increasing 
opportunities for local value-added processing. 

Materials and Methods

To transfer the leaf spotting resistances into 
germplasms adapted to the Western Minnesota and 
Eastern North Dakota, the resistant genotypes were 
selected based on the reaction of genotypes to differ-
ent races/pathogens of leaf spotting diseases tested 
under greenhouse condition (Singh et al. 2006; 
Mergoum et al. 2006, 2007). Hybridization and de-
velopment of breeding population is being carried in 
greenhouse/field since 2007. Backcross populations 
are developed to introgress resistance from the ‘un-
adapted resistant sources’. A pedigree and backcross 
selection methods are being used in greenhouse and 
field to develop germplasm which may lead ulti-
mately to cultivars resistant to tan spot. The adapted 
resistant sources which include Oklee, MN03291, 
and ND735, have been hybridized heavily with other 
adapted wheat cultivars in order to develop breed-
ing populations. Presently, advance populations of 
these crosses are being evaluated for agronomic and 
disease resistance in the wheat breeding programs 
at NDSU, Fargo in order to develop tan spot resistant 
cultivars. Additionally, to incorporate novel resis-
tance to leaf spotting diseases the resistance from 
lines; Intros # 7, 2000 Spelt # 20, 92 MREHTR28B, 
and CIMMYT L # 18, is also being introgressed into 
the locally adapted germplasm. These un-adapted 
resistant sources were crossed with locally adapted 
high yielding germplasm and backcross population 
of these crosses are being developed, advanced, 
and evaluated for agronomic and disease resistance 
in the wheat breeding programs at NDSU, Fargo in 
order to develop tan spot resistant cultivars.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

Leaf spots on average cause yield losses from 

10-15% and cause loss in grain quality by grain 
shriveling, dark smudge, and black point. Previous 
genetic studies indicate a narrow genetic base of 
resistance to tan spot (Anderson et al., 1999; Singh 
and Hughes, 2005). Development of new resistant 
common wheat varieties, in conjunction with crop 
rotation, will provide an effective and environmentally 
safe means of controlling leaf spots. Information and 
the germplasm developed from this study is used by 
the plant breeders in development of durable resis-
tant varieties. This will minimize the losses due to leaf 
spot and improve the economic efficiency of wheat 
production. The genetic studies identified novel 
genes for resistance that are being utilized in broad-
ening the genetic base of resistance in commercial 
varieties and thus reduce the possibility of existing 
resistance genes breaking down. Improved control 
of leaf spot with resistant varieties should minimize 
losses in grains yield and quality thereby increasing 
opportunities for local value-added processing.

Related Research

Previous studies have involved screening for new 
sources of resistance to tan spot of wheat in green-
house or field evaluations (Mergoum et al. 2007, 
Singh et al. 2006, Riede et al., 1996), inheritance 
of resistance (Anderson et al., 1999, Gamba and 
Lamari, 1998; Gamba et al., 1998, Singh and Hughes 
2005) and race structure of the pathogens (Ali and 
Francl, 2003; Singh et al. 2007). Significant efforts 
have been made in identifying molecular markers for 
the resistance genes (Faris et al., 1997; Friesen and 
Faris, 2004, Singh et al. 2006) and in molecular biol-
ogy of host-pathogen interaction (Ciuffetti and Tuori, 
1999; Strelkov and Lamari, 2003). 

Recent studies conducted by our research group 
have identified resistant sources to leaf spotting 
disease after evaluating 126 advanced breeding lines 
developed for the northern Great Plains of USA (Mer-
goum et al. 2007; Singh et al. 2006). The resistance 
of these adapted sources will be transferred to other 
cultivars in order to develop superior varieties.
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Recommended Future Research

1)  Dissecting the genetics of resistance to STB in 
the population Steele-ND/ND735
2)  Additional molecular work is required to identify 
flanking molecular markers closely linked to the re-
sistance genes identified for leaf spotting disease in 
population Steele-ND/ND735.
3)  Development of additional crosses and back-
crosses with the an objective of developing adapted 
cultivars for Western MN and Eastern ND.
4)  Development and evaluation of advanced resis-
tant material for agronomic and quality traits as a part 
of varietal development program.
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