
Tom Warkentin

Crop Development Centre, University of Saskatchewan

Short season soybean breeding 
Tom Warkentin, Ketema Daba, Laurie Friesen (SPG), Dennis Lange (MB Ag), 
Rosalind Bueckert, Anfu Hou (AAFC), Leonid Savitch (AAFC), Louise 
O’Donoughue (CEROM), and Elroy Cober (AAFC)
February 23, 2021



Soybean breeding at the University of Saskatchewan

Today’s talk
 History
 Breeding
 Physiology
 Protein



Crop Development Centre –

Taking aim at the Future
Soybean 

 Early maturing and high yielding varieties for 

western Canada

 End-use traits for the crushing and high-end food 

markets

 Conventional and herbicide-tolerant options for 

producers

 Yield improvement and agronomic performance



Soybean continues short-season expansion

Slide credit: Elroy Cober
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Soybean breeding at the University of 
Saskatchewan

Growing Forward-2 project (2013-2018):  COMPLETED
“Very short season soybean development”
Elroy Cober (AAFC, Ottawa), Tom Warkentin (U of S), and Anfu Hou 
(AAFC, Morden)



Soybean breeding at the University of 
Saskatchewan
Genome Canada project (2015-2020): RECENTLY COMPLETED
“Improving yield and disease resistance in short season soybean”
Francois Belzile (Univ Laval)
Richard Belanger (Univ Laval)
Richard Gray (Univ Sask)
Louise O’Donoughue (CEROM)
Istvan Rajcan (Univ Guelph)
Benjamin Mimee (AAFC)
Elroy Cober (AAFC)
Tom Warkentin (Univ Sask)
Eric Gagnon (Prograin)
Eric Micheels (Univ Sask)



Soybean Challenges in Canada
 Insufficient earliness and yield for new cropping areas

 Inadequate resistance to major pathogens/pests 

 Grower adoption in Western Canada

U. Laval U. Laval

Sclerotinia sclerotiorum
(Sclerotinia stem rot)

Phytophthora sojae
(Phytophthora root rot)

Heterodera glycines
(Soybean cyst nematode) 

B. Mimee

Slide credit: Franҫois Belzile



How can genomics help?
 Extensively characterize nucleotide and 

structural diversity in relevant germplasm 
 based on broad GBS scans

 complemented by WGS

 Define haplotypes/alleles at known genes 
to explore the link with phenotypes

 Perform gene/QTL discovery 

 Develop markers based on these loci for 
breeding work

Slide credit: Franҫois Belzile



Defined alleles at known maturity genes

Locus Allele Count

E1

E1 1

e1-nl 39

e1-as 25

e1-fs 2

E2
E2-in 13

e2-ns 54

Locus Allele Count

E3

E3Ha 30

E3Mi 1

E/e3p.Thr832Ala 2

e3tr 30

e3-fs 1

e3Mo 3

E4

E4 36

e4(SORE-1) 17

e4p.T832QfsX21 13

Slide credit: Franҫois Belzile



Defining optimal “maturity packages”

Translating SNP information into relevant information for breeders
Slide credit: Franҫois Belzile



QTLs for Sclerotinia resistance
• >1.5M SNPs with MAF > 0.05 were used to perform GWAS

• Best previous association on Gm15 (~15 mm↓) still present

• New, stronger association on Gm01 (30 mm↓)

Lesion length

Slide credit: Franҫois Belzile



A patented tool for Phythophtora sojae

P. sojae is a pest that affects the plant roots

 There are many sub-“varieties” (called “pathotypes”) 

 Hard to exactly know which pathotype 
(or sub-variety) is in the field 

 Attempts to resist P. sojae (resistant seeds or other) 
may not succeed because you may be aiming 
at the wrong pathotype or the wrong target 

 This is costly and time consuming

12

Slide credit: Franҫois Belzile



Acknowlegements for Soyagen

Slide credit: Franҫois Belzile



Soybean breeding at the University of 
Saskatchewan

Canadian Agricultural Partnership (2018-2023):  IN PROGRESS
“Short season conventional soybean breeding”
Elroy Cober (AAFC, Ottawa), Louise O’Donoughue (CEROM, Mathieu de 
Beloeil), Tom Warkentin (U of Sask), and Anfu Hou (AAFC, Morden), Adam 
Foster (AAFC, Charlottetown), Curtis Cavers (AAFC, Portage la Prairie), Benjamin 
Mimee (St. Jean sur Richelieu), Judith Frégeau-Reid (AAFC, Ottawa), Istvan
Rajcan (U of Guelph), Denis Pageau (AAFC, Normandin)



Canadian Agricultural Partnership (2018-2023): 
“Short season conventional soybean breeding”
Elroy Cober (AAFC, Ottawa), Louise O’Donoughue 
(CEROM, Mathieu de Beloeil), Tom Warkentin and Ketema 
Daba (USask)

 Three separate breeding programs
 All aimed at developing ‘short season’ varieties for their 

region
-Cober:  00, 000 maturity groups
-O’Donoughue: 00, 000 maturity groups
-Warkentin: 000 maturity group 

 Cober and O’Donoughue send several early generation 
populations to Warkentin each year for selections

 Non-GMO emphasis
 Increased protein emphasis
 Early maturity genes validation across Canada



Canadian Agricultural Partnership (2018-2023): 
“Short season conventional soybean breeding”
Elroy Cober (AAFC, Ottawa), Louise O’Donoughue (CEROM, 
Mathieu de Beloeil), Tom Warkentin and Ketema Daba 
(USask)

Industry and Government partners (alphabetical)

 Agriculture and Agri-Food Canada
 Atlantic Grains Council
 Grain Farmers of Ontario
 Manitoba Pulse and Soybean Growers
 Producteurs de Grains du Quebec
 Saskatchewan Pulse Growers
 SeCan Association



F2 nursery
Campus Field 
(2020)

Photo: Ketema Daba



Yield trials, Kamsack (2019)



Yield trial, Morden (2019)



Yield trials, Rosthern (2018)



Yield trials, Rosthern (2019)

Photo: Ketema Daba



Yield trials, Campus Field (2019)

Photo: Ketema Daba



Yield trials, Investigation Field-Saskatoon (2019)

Photo: Ketema Daba



Yield trials, Kamsack (2019)

Photo: Ketema Daba



Yield trials, Rosthern (2018)



100 entry test to refine maturity genes for 
00 and 000 regions

Goal: will allow breeders to continue to improve efficiency 
to achieve our ultimate goal to provide the Canadian 
producers with early, high yielding soybean varieties fully 
adapted to their own farming environment.

 at 8 locations in Canada including 2 in SK, 2 in MB, 2 in 
ON, 2 in QC

 2021 and 2022
 organized by Louise O’Donoughue



Supporting western and northern expansion of 
soybean in Canada
Leonid Savitch (AAFC), Elroy Cober (AAFC), Rosalind 
Bueckert (USask), and Tom Warkentin (USask)

Objectives
 Characterize mechanisms of cold tolerance
 Design screening tests for cold tolerance
 Identify germplasm with improved cold tolerance
 Identify mechanism of low temperature insensitive 

flowering and maturity 



 Two soybean varieties belonging to the same early maturity group when grown under 
optimal conditions. 

 However, when exposed to 6 weeks of cold night stress, the development of the plants 
differs substantially.   Photos were taken eight weeks after planting.

Effects of prolonged cold night stress on the development of early 
maturity soybean varieties

Source: Leonid Savitch



Northern latitude soybean – physiology of yield 
formation and beating the cold
Rosalind Bueckert (USask), Tom Warkentin (USask), Leonid 
Savitch (AAFC), and Elroy Cober (AAFC)

Objectives
 Evaluate yield components of elite cold tolerant varieties
 Evaluate effect of cold on very late seeded soybean
 Evaluate effect of cold on flower development 

parameters in a growth chamber
 Determine best physiological strategies to increase yield 

under cool nights



HIGHLIGHTS OF 2019          (2020 analysis not ready yet)

 2019 SK locations were limited by lack of heat and water, 
with 2175 CHU.  All soybean respond to CHU with a min. temp. 
of 4.4 °C.  

 MG 000 , MG 00.6 to 00.1 matured.  MG 00.9 to 00.7 and MG 0 
failed to reach R8.

 Irrigated soybean (Saskatoon and Broderick) – greater yields. Irrigation improves 
performance by helping varieties make more nodes and advance plants through 
reproduction and fill seed.  

 Yield components: seed number & pod number indicate yield, most varieties have 
a narrow range of seed number, seeds per pod, node number and plant height.  

 Earliest flowering varieties (MG 000) produce most yield, same number of pods 
but 1 or 2 more flowering nodes than 00.

 MG 0 is too late for SK, varieties produce more vegetative nodes due to delays in 
flowering...  more vine and less pods.

Source: Rosalind Bueckert



Harvest index of SB-ROS soybean at 4 locations, 2019

2020:  we added light interception and biomass on SB-ROS

Source: Rosalind Bueckert



Acknowledgements

Pulse crop breeding staff
Grains Innovation Lab staff 
Plant Sciences admin staff
National/international collaborators 

http://westerngrains.com/
http://westerngrains.com/


All the best for 2021!

AirScapes International


