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Research Questions

A recurrent mass selection pre-breeding program that is 
based on the dominant male-sterility gene, Ms2, is being 
done to facilitate the continuous development of improved 
hard red winter wheat breeding parents with high levels of 
winter-hardiness coupled with effective resistance against 
major diseases such as Fusarium head blight (FHB), leaf 
and stem rust, tan spot, bacterial leaf streak (BLS) and 
Stagonospora nodorum blotch (SNB). This long term pre-
breeding program will operate in parallel with the conven-
tional winter wheat breeding program and will serve to 
systematically assemble (pyramid) new useful genes in 
adapted genotypes that can be used more effectively in 
crosses with the elite germplasm.

During the funding period, selection has focused on:
a. Increasing the level of cold-hardiness in the  

       population.
b.  Acquiring genes for insensitivity to SNB and tan spot.
c.  Establishing the durable rust resistance genes, Lr34/ 

       Yr18, Sr2 as well as the FHB resistance genes, Fhb1    
        and Qfhs.ifa-5A.

d. Introducing additional major and minor gene  
       resistance to the cereal rusts.

e. Introducing BLS resistance.
f.  Establishing a regular recurrent mass selection  

       program with inbreeding and field testing of the male  
       parents.

Materials and Methods

   A base population in which the F1 segregates 1:1 for the 
Ms2 male sterility gene is being improved through recur-
rent selection. Both male and female plants are being 
selected; however, only male fertile progenies are being 
evaluated in the field. Female F1 plants derive from the 
preceding season whereas male plants are being selected 
among advanced generation segregates that were grown 
in the field. 

   Plants destined for crosses are grown in containers. In 
each season the spikes of selected, male-sterile females 
are cut open to facilitate pollination. During pollination, se-
lected female plants are positioned lower and surrounded 
by selected male plants. Mild wind agitation (fan) is used 
to enhance cross-pollination. The containers are arranged 
in a manner that promotes random pollination.

   Characterization and selection of parent plants are 
based on markers (where available), seedling screening 

(rust, tan spot and SNB resistance) and field screening 
(winter survival, disease resistance, yield and quality). 
During the first three years of selection and crosses the 
emphasis has been on the introduction and dissemination 
of a broad range of leaf and stem rust resistance genes, 
effective FHB resistance QTL, tan spot and S nodorum 
blotch resistance as well as winter-hardiness genes. The 
majority of new resistance genes have only recently been 
transferred from spring wheat. 

Results

   Three cycles of crosses (February/March, 2013, 2014 
and 2015, respectively) were made during the project 
period. The first two cycles were described in detail in 
previous progress reports.

The third cross: 

In 2015 Ms2ms2 female plants were used in crosses 
based on the presence of one or more of the resistance 
genes Fhb1, Lr34, Sr26, Sr22, Sr39, Sr50 (markers), Lr53 
and Lr56 (seedling resistance). These were pollinated with 
parents having one or more of the resistance genes Fhb1, 
Qfhs.ifa-5A, FHB 5AS and 5AL QTL from PI277012, Lr19, 
Lr34, Lr46, Lr67, Lr50, Lr53, Lr56, Sr22 and Sr35. A large 
F1 population has been generated for continued crosses 
and evaluation and is currently being vernalized in order 
to do the fourth crossing cycle in February of 2016. In 
December 2015, the latter F1 will be seedling screened for 
resistance to leaf rust (mixed inoculum of six races) and 
stem rust (mixed inoculum of four races). Resistant plants 
will be transferred to cones for phenotypic selection of 
females. 

Development and selection during 2015 of the next 
(fourth) cycle male parents: 
1.  Since Norstar is the most winter-hardy genotype avail-
able, backcrosses aimed at pyramiding combinations of 
resistance genes in its genetic background were initiated 
in 2013. The following gene pyramids have been estab-
lished, confirmed with markers and planted for use as  
males in the 2015 crosses:
 a.  Norstar-Fhb1
 b.  Norstar-RhtB1b-Fhb1-Sr26
 c.  Norstar-RhtB1b-Fhb1-Sr2
 d.  Norstar-RhtB1b-Fhb1-Lr34-Sr39

2.  Winter-hardy lines were selected from preliminary yield 
trials and will be used as males:
 a.  Ten lines with either Fhb1or Fhb1 plus Qfhs.
ifa-5A that also have good leaf and stem rust resistance.
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   b.  Twelve lines based on Fhb1, Fhb1 plus Qfhs.ifa-5A, or 
the PI277012 5AS and 5AL FHB QTL, but having suscepti-
bility to leaf and/or stem rust.
   c.  Six lines without known QTL for FHB resistance but 
with excellent yield, leaf and stem rust resistance. 

3.  Male parents with promising resistance to one or both 
of tan spot and S nodorum blotch were selected employing 
three different strategies as follows:
   a.  Approximately 1,764 male fertile F2 plants from a 
recurrent selection base population with 110 parents 
(based on Ms3) were evaluated with mixed tan spot races. 
A random F3 plant from each of 600 selected F2 families 
was used to obtain 600 F4 families. The latter were used 
to conduct both tan spot and SNB evaluations using mixed 
inoculum in each case. Based on the reactions F4:5 fami-
lies were identified for continued testing; 27 families were 
chosen based on tan spot resistance and 27 families were 
chosen on the basis of SNB resistance while 2 families 
showed some resistance to both diseases. 
   b.  One hundred and thirty three inbred lines from the 
NDSU winter wheat breeding program were evaluated for 
resistance to mixed tan spot and mixed SNB races. Eight of 
the lines were selected for evaluation with individual races 
and toxins.
   c.  Diverse lines (including introduced winter and spring 
wheat as well as synthetics, and with widely different origin) 
were evaluated with mixed tan spot and SNB inoculum. A 
HRSW genotype plus six synthetics showed promising re-
sistance. However, its transfer to winter wheat will be time 
consuming.
   d.  In an attempt to confirm the resistance, the selected 
lines are currently being finally  evaluated for resistance 
to individual races and toxins of tan spot and SNB. Only a 
small group of the very best lines will eventually be used as 
parents.
   e.  Since resistance/insensitivity to the two diseases is 
quantitative and the majority of selections shows differential 
responses to races, pyramiding will be necessary in order 
to acquire broad resistance.

Application/Use

   The (pre-breeding) population will be continually enriched 
with respect to useful disease resistance and adaptation 
genes. Annually, the F1 produced in the preceding season 
will be selected for seedling rust resistance to mixed inocu-
lum and marker genotyping will be applied as necessary. 
Following each selection cycle the best females will be 
used in the crossing block whereas the best male-fertile F2 
plants will be harvested separately and the F3 field planted 
for continued inbreeding and selection for winter survival, 
disease resistance, yield and quality. In this manner new 
and diverse segregating families will be established each 
year. Superior inbred lines selected in the subsequent gen-
erations will be utilized as males in future crossing blocks 
and will also be evaluated further for possible commercial-
ization.   

Economic Benefit to a Typical 
500 Acre Wheat Enterprise

   The disease-causing pathogens targeted in the project 
annually cause significant wheat yield losses in the North-
ern Great Plains and even modest changes in the average 
level of resistance in new cultivars will be of considerable 
benefit to producers. The targeted diseases include some 
that are notoriously difficult to breed resistance for (for ex-
ample tan spot, bacterial leaf streak, SNB and FHB) since 
resistance/ insensitivity is based on numerous quantitative 
trait loci each making only a small contribution to the total 
resistance phenotype. 

   The project aims to assemble a wide spectrum of useful 
known and new resistance and adaptation genes in the 
pre-breeding population. The majority of the target genes 
were not previously available in the NDSU HRWW breed-
ing material. Pre-breeding through recurrent selection is 
being applied to gradually improve the general genetic 
background in which the newly introduced genes oc-
cur and to concentrate/assemble the numerous disease 
resistance loci into more complex combinations that will be 
more useful in pedigree breeding. This will make it pos-
sible to also develop new varieties with better resistance 
gene combinations and yield stability.

Related Research

  A hard red winter wheat pedigree breeding program was 
initiated at NDSU during 2011. Annually, 500-700 new 
crosses are being made among winter wheat parents. A 
primary aim is to broaden the spectrum of disease re-
sistance genes available for varietal development. Many 
of the known genes for resistance to the rusts, FHB, tan 
spot, SNB and BLS are not available in winter-hardy 
genetic backgrounds that are adapted to North Dakota. 
Furthermore the resistance genes often occur singly in 
very diverse and poorly adapted backgrounds making it 
even more difficult to combine multiple genes in a single 
line. This pre-breeding program is meant to supplement 
and facilitate the pedigree breeding effort.

Recommended Future Research

  a.  The recurrent selection pre-breeding effort will be con-
tinued in parallel, and supplementary to, the conventional 
HRWW pedigree breeding program.

b.  We will continue to enrich and improve the base 
population with new resistance genes and will increase the 
frequencies of those genes through strict recurrent selec-
tion. 

c.  We will continue to develop and field test diverse 
inbred lines derived from the male F1 of each crossing 
cycle, focusing on the identification of inbred lines with 
complex resistance gene combinations. 


