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Executive summary:   
We used the artificial screening system in the greenhouse to evaluate the Washington Extension 
Soft and Hard Winter Wheat Trials. We have screened these extension trials every year since 
2001.  The released and experimental lines from the 2018 trials are included in Tables 1 and 2 
below.   
 
Since 2013, we have rated 1877 breeding lines from public regional winter wheat breeding 
programs for survival. All breeding programs had lines that varied in winter tolerance. Breeders 
have used this information for selection of new experimental lines. 
We scored survival in a doubled haploid population derived from Cara/Xerpha and survival 
ranged from 10% to 99% in this population (Figure 1).  We are currently in the process of 
identifying QTL associated with the resistance in this population.  Since both breeding lines are 
important PNW cultivars, we will discover molecular markers that can be readily used in the 
WSU and USDA breeding programs.     

We scored survival in a large Winter Wheat Core Nursery representing a global collection of 
winter wheat cultivars.  The range in survival in that population follows a linear trend from 0 to 
100%.  Our best check, Norstar had a survival of 78% so we are particularly interested in the 230 
accessions that survived better than Norstar.  We are currently in the process of identifying QTL 
associated with resistance in this global wheat population and hope to identify new sources of 
cold tolerance, of growth, and development that will be used to continue to improve survival in 
PNW winter wheat.   
We evaluated the large PNW association mapping panel and Western regional nurseries for 
allelic and copy number variation at the Vrn1/Fr1 and Fr2 loci that are known to be associated 
with cold tolerance in wheat.  Many of these alleles are segregating in our populations.  The 
segregation that we documented at these known genes, for which we have effective KASP 
markers, is responsible for 38% of the variation for cold tolerance in this population.  In addition 
to the known loci on the group 5 chromosomes, we discovered new loci on the group 1 and 
group 6 chromosomes.  Use of these markers early in the breeding cycle is underway. 

We discovered that freezing tolerance follows a diurnal pattern. In plants grown under 12 hours 
light/12 hours dark at a constant 3 degrees C (37 degrees F), cold tolerance was significantly 
greater at the midpoints of the light, and of the dark periods, compared to the end of either light 
or dark period.  This new knowledge will help us to schedule our freezing test runs to achieve the 
maximum freezing tolerance. It also has implications in the genetic control of freezing tolerance, 
which seems to involve the day length sensing system in plants.   
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Table 1.  FREEZE TEST SURVIVAL RATINGS FOR 2018 
WASHINGTON VARIETY TESTING HARD WINTER WHEAT TRIAL 

Released and Experimental 
Line Names 

Winter 
Survival Index         

1=good, 
10=bad 

Lower 
95% 

confidence 
limit 

Upper 
95% 

confidence 
limit 

KELDIN 4.9 3.8 5.9 
LCS ABRAHAM 10.0 7.6 12.4 
LCS AYMERIC 6.8 4.4 9.1 
LCS JET 7.6 6.5 8.7 
LCS ROCKET 9.0 7.6 10.4 
LCS ZOOM (LWW14-73915) 9.8 8.1 11.5 
MANDALA 5.7 4.0 7.4 
NSA12-2472 9.9 7.4 12.3 
OR2130021R 9.9 7.5 12.3 
REBALDI 7.6 5.2 9.9 
SY TOUCHSTONE 6.2 3.8 8.7 
WA 8268 8.5 6.0 10.9 
WA 8288 9.1 6.7 11.6 
WA 8289 9.9 7.4 12.3 
WB4303 1.0 -1.4 3.4 
WB4311 2.4 0.0 4.8 
XB4542 3.5 1.1 5.9 
Checks       
NORSTAR 1.8 1.5 2.2 
ELTAN 3.6 3.2 3.9 
STEPHENS 6.3 6.0 6.7 
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Impact 

• The data from these cold tolerance trials was published in the seed buyers guide so that 
farmers can select winter wheat that is less sensitive to winter kill.  

• Our results from screening the regional nurseries, and screening breeding lines has been used 
by winter wheat breeders to select for resistance to winter injury.  

• Varieties released from the WSU winter wheat breeding program have consistently excellent 
cold tolerance and this tolerance has been maintained because of testing using the procedures 
developed by this project.   

• Because of the high correlation between our artificial screening trial and winter survival in 
the field, we are able to incorporate better cold tolerance into our early generation breeding 
lines.  

• We have identified molecular markers that are being used by breeders to select for winter 
survival.   

• Most breeding programs have both winter tolerant and less tolerant breeding lines. The 
identification of molecular markers associated with freezing tolerance complements our 
screening system and increases our current screening capacity from about 1000 varieties and 
breeding lines to several thousand progeny from segregating populations per year.  

• We were able to use USDA equipment funds for the new Wheat Plant Growth Facility to 
purchase two new freezers.  With this equipment, we have expanded our freeze tolerance 
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ratings to include regional nurseries from other parts of the country.  We also use this 
equipment to conduct freeze trials for winter legumes.   

Refereed papers 
Kruse, E, Carle, S, Wen, N, Murray, TD, Skinner, DZ, Garland-Campbell, KA, and Carter, 
A.H, 2017 Genomic Regions Associated with Tolerance to Freezing Stress and Snow Mold 
in Winter Wheat." G3. G3 (Bethesda). 2017 Mar; 7(3): 775–780. 
Published online 2017 Jan 30. doi: 10.1534/g3.116.037622 
.  
Skinner, D.Z., Bellinger, B.S. 2016. Freezing tolerance of winter wheat as influenced by 
extended growth at low temperature and exposure to freeze-thaw cycles. Canadian Journal of 
Plant Science. doi: 10.1139/CJPS-2016-0154. 
 
Skinner, D. Z. 2017. Advances in cold-resistant wheat varieties. Chapter 7 In: Achieving 
sustainable production of wheat. Vol. 1. P. Langridge, ed. ISBN-13: 9781786760166. 
 
Skinner, D.Z., Bellinger, B.S., Hiscox, W., Helms, G. 2018. Evidence of cyclical light/dark-
regulated expression of freezing tolerance in young winter wheat plants. PLoS One. 
https://doi.org/10.137/journal.pone.0198042.  Log No. 351005 
 

 
Abstracts 

Carle, S., Horgan, A., Wen, N., Klarquist, E., Sanad, M., Carter, A., Skinner, D.Z., Garland-
Campbell, K. 2016. Preparing Wheat for a Frosty Reception: Optimizing Marker Selection 
and Analysis in Order to Boost Breeding Efficiency for Freezing Tolerance. Crop Science 
Society of America Meeting, Baltimore MD. Nov. 6, 2018. 

 
Popular Press 
 
Web 
 
Presentations  
a. Invited by Mary Palmer-Sullivan, Organizer Washington Grains Commission Research 

Review to speak on: Report of Progress: “Breeding Club Wheat with Combined Resistance 
to Rusts, Strawbreaker Foot Rot and Cephalosporium Stripe”, “Improving Emergence of 
Winter Wheat in Low Rainfall Areas”, “Evaluation of Cold Hardiness in Wheat”, “Club 
Wheat Breeding”, Pullman WA, Feb. 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008, 
2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018.; Also “Development of Wheat 
Varieties Resistant or Tolerant to Fusarium Crown Rot”, “Evaluation of Wheat Breeding 
Lines for Management of Hessian Fly in the Pacific Northwest”, "Managing Nematode 
Diseases of Wheat" Feb. 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018 
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Objective Deliverable Progress Timeline Communication
1.     Evaluate Washington 
winter wheat variety trials.

Survival data for all lines in winter 
wheat variety trials.

In 2018 survival data 
was collected for the soft 
and hard winter wheat 
variety trials.

Data analyzed and 
included in report.

http://smallgrains.wsu.edu/

2.     Evaluate cold tolerance 
of new breeding lines in US 
regional nurseries in order to 
identify germplasm to use in 
crossing for better winter 
survival. 

Survival data for lines in US regional 
nurseries

The Western Regional 
soft and hard winter 
wheat trials and the 
Northern and Southern 
Performance trials were 
evaluated. 

Data analyzed and 
will be distributed in 
Feb. 2019.

Presentation at grower meetings, Wheat 
commission meetings, field days, plot tours, Wheat 
Life and Research Review.   Refereed publications.

3.     Evaluate cold tolerance 
of spring wheat variety 
trials.

Survival data for lines in spring wheat 
variety trials

Hard Spring Variety 
Trials evaluated.

Data analyzed, still 
needs to be 
summarized.

http://smallgrains.wsu.edu/

4.     Evaluate cold tolerance 
of advanced breeding lines 
contributed by A. Carter, K. 
Gill, M. Pumphrey, R. 
Zemetra and others in the 
PNW as well as those in the 
ARS breeding program. 

Survival data for advanced breeding 
lines submitted by regional breeders

Survival data was 
evaluated for the WSU 
Winter Wheat and the 
USDA Winter Wheat 
breeding programs. 

Data send to breeders 
before field season so 
that selections can be 
made.

Presentation at grower meetings, Wheat 
commission meetings, field days, plot tours, Wheat 
Life and Research Review.  

5.     Evaluate cold tolerance 
of F3-F5 (early generation) 
wheat populations that are 
segregating for cold 
tolerance and select resistant 
progeny. 

Populations that have been selected 
for tolerance to deep freezing.

 New freezers are 
installed and protocols 
are being evaluated.

Populations selected 
each year, 2019.

6.     Identify genes 
controlling cold hardiness in 
winter wheat.  

New information about the Fr1, Fr2, 
and other loci controlling cold 
tolerance and spring growth in wheat

The Winter Wheat 
association mapping 
panel and the Winter 
Wheat Core Nursery 
were evaluated. A 
GWAS was conducted 
on the PNW Association 
mapping panel.  

Sept 2016-June 2019. Carle, S., Horgan, A., Wen, N., Klarquist, E., 
Sanad, M., Carter, A., Skinner, D.Z., Garland-
Campbell, K. 2016. Preparing Wheat for a Frosty 
Reception: Optimizing Marker Selection and 
Analysis in Order to Boost Breeding Efficiency for 
Freezing Tolerance. Crop Science Society of 
America Meeting, Baltimore MD. Nov. 6, 2018.                                                                              
Skinner, D.Z., Bellinger, B.S., Hiscox, W., Helms, 
G. 2018. Evidence of cyclical light/dark-regulated 
expression of freezing tolerance in young winter 
wheat plants. PLoS One. 
https://doi.org/10.137/journal.pone.0198042.  Log 
No. 351005

7.     Determine how cold 
tolerance interacts with 
resistance to soil borne 
disease, specifically snow 
mold, eyespot, and Fusarium 
crown rot resistance.   

Survival data for wheat populations 
segregating for resistance to soil borne 
disease.  Selected populations with 
resistance to cold and to individual 
diseases.

Lack of freezer space 
delayed progress.  New 
freezers are being 
installed.

Trials with specific 
diseases conducted, 
one disease per year, 
2016-2019.

Kruse, E, Carle, S, Wen, N, Murray, TD, 
Skinner, DZ, Garland-Campbell, KA, and 
Carter, A.H, 2017 Genomic Regions Associated 
with Tolerance to Freezing Stress and Snow 
Mold in Winter Wheat." G3. G3 (Bethesda). 
2017 Mar; 7(3): 775–780.
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