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Message from Chair 

 
 

Message from the President 

	

On behalf of the Plant Sciences Graduate Students’ 
Association and Chair of 33

rd
 Annual at the University 

of Saskatchewan I would like to welcome all 
participants to the 33rd Annual Plant Science 
Graduate Student Symposium in Saskatoon- the POW 
(Potash, Oil, Wheat) City!  

The theme “Agrobiodiversity: Acknowledging the 
Differences, Utilizing them for the Future” accurately 
reflect the gathering of researchers in diverse areas in 
the discipline of plant science to come up with ideas 
and tools to fight world hunger. As the Chair of the 
Symposium, I would like to thank all the executive 
members for their efforts and ideas in planning this 
event as well as all our kind sponsors for making it 
possible to host everyone. 

Sincerely, 

Gurcharn Brar 

It gives me great pleasure to extend to you all a very 
warm welcome to 33rd annual PSGS Symposium. We 
are pleased to welcome those of you that have been 
with us for some time now as well as those of you 
who are new to our community. We are very proud to 
be able to host you today here at University of 
Saskatchewan. Great things happen when great 
minds meet. This is an exceptional gathering where 
each and every one of us has earned their place and 
right to express ourselves. I would like to express my 
gratitude to all of you, who so generously helped us 
make this event come together smoothly, we 
couldn't have done it without you. We hope you enjoy 
your time here as much as we love having you over. 
 
Sincerely, 
Sakyi-Quartey Solomon 
	



5 
	

 

 

 

 

 

 

Invited Keynote Speakers 

33rd Annual  
Plant Science Graduate Student Symposium 

Dr. Matthew Moscou is Group Leader and Researcher at 
the Sainsbury Laboratory, Norwich, UK.  His group focus 
on studying genetics of non-host resistance in cereals 
and grasses.  His work is concentrated on the cereal rusts 
and their interaction with several grass species, including 
barley (Hordeum vulgare) and purple false brome 
(Brachypodium distachyon).  The long term goal of his 
group is to identify and clone the non-host resistance loci 
and engineer resistance in wheat. 

 
Dr. Scott Jackson is a Professor at the University of 
Georgia, USA.  Also, he is the Georgia Research Alliance 
Eminent Scholars in Plant Functional Genomics and 
Director of the Center for Applied Genetic Technologies.  
His research focusses on the application of genomic tools 
to describe and understand structure and function of 
plant genomes for crop improvement. He is a member of 
the University of Georgia Plant Center, the Institute of 
Bioinformatics and graduate coordinator for the Institute 
of Plant Breeding, Genetics and Genomics. 

Dr. Thomas Fetch is a Research Scientist at the Brandon 
Research and Development Centre, Agriculture and Agri-
Food Canada (AAFC), Brandon, MB.  He is a cereal rust 
pathologist with expertise in stem rust pathogens.  The 
overall goal of his resaerch program is to develop 
strategies to combat cereal stem rust pathogens by 
studying pathogen population, host genetics and 
interaction of wheat-rust pathogens.  He has been 
involved in gene mapping and pathogen characterization 
including widely acknowledged work on Ug99. 

 Dr. Linda Hall is a Professor at University of Alberta, 
Canada.  She conducts research in the environmental 
impacts of transgenic crops, gene flow via pollen and 
seeds, weed science and agronomy.  She is interested in 
quantifying the invasive potential of novel weeds and 
crops.  In addition to research, she teaches courses on 
weed science and cropping systems.  Dr. Hall is an editor 
of GM Crops and has recently received awards for 
excellence in Weed Science and graduate student 
supervision.  
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Invited Keynote Speakers	

33rd Annual  
Plant Science Graduate Student Symposium 

Dr. Neil Emery is a Professor and Vice-President (Research 
and Innovation) at Trent University, Canada.  His research 
interests include plant physiological and molecular 
development, physiological ecology, hormone signaling, 
water uptake, and seed developmental biology.  His 
research investigates the physiology of organ specific 
processes (seed set and filling, branching, root water 
uptake, leaf stomatal conductance) and how they interact 
at the whole-plant level. His group has studied a wide 
variety of crops includes pulses, cereals, and oilseeds.  

 Dr. Juli Carrillo is an Assistant Professor at the University of 
British Columbia (UBC), Canada.  Carrillo leads the Plant-
Insect Ecology and Evolution Lab where research focuses 
on plant defense against herbivory.  Their approach is 
primarily through experimental comparisons of 
populations that have diverged in evolutionary history or 
that span a gradient of plant-insect interactions.  Her 
research consider plant tolerance of herbivory and indirect 
defenses in plants such as attaraction of natural enemies.  
Almost all projects in her lab address fundamental 
questions in ecology and evolutionary biology with a 
strong applied component. 

 Dr. Jonathan Lundgren is and Agroecologist, CEO of Blue 
Dasher Farm, USA and Director of ECDYSIS Foundation.  
Lundgren’s research focuses on assessing the ecological 
risk of pest management strategies and developing long-
term solutions for susainable food systems.  His ecological 
research focuses heavily on conserving healthy biological 
communities within agroecosystems by reducing 
disturbance and increasing biodiversity within cropland.  
He wa honored with several awards for his excellence in 
agroecology research. 

 Dr. Maria Trainer is the Managing Director, Science and 
Regulatory Affairs, Chemistry at CropLife Canada.  In this 
role, she provides technical expertise on a broad range of 
science and regulatory priorities related to pesticides.  Prior 
to joining CropLife Canada, Maria was a Biotechnology 
Evaluator for Health Canada.  She holds a PhD in bacterial 
molecular genetics from the University of Waterloo, 
Canada a Masters’ degree in biochemistry from 
Washington State University, USA and a Bachelors’ degree 
from the University of Idaho, USA. 
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Invited Keynote Speakers	

Dr. Curtis Pozniak is a Professor at University of 
Saskatchewan, Canada and his expertise includes wheat 
genetics, genomics and breeding.  His research links basic 
research on the genetics and expression of agronomic, 
disease resistance and end use quality traits with his 
applied research in the development of improved wheat 
cultivars.  He and his team contributed to the completion 
of the first chromosomal-based sequence of the wheat 
genome through International Wheat Genome Sequencing 
Consortium (IWGSC).  He has been recognized with several 
significant awards from the professional scientific societies, 
the University, Industry and Government. 

 Dr. Reem Aboukhaddour is a Research Scientist at 
Lethbridge Research and Development Centre- Agriculture 
and Agri-Food Canada (AAFC), Lethbridge, AB.  Her 
expertise is on cereals pathogens and intearctions with 
their hosts.  She used the tan spot disease of wheat as a 
model system to address questions related to fungal plant 
pathogens and its necrotrophic effectors, pathogen 
genome organization, virulence, plant-pathogen 
interaction and emergence of new pathotypes.  Her 
current research focuses on cereal diseases, mainly on 
wheat: stripe rust, leaf spots, and common bunt. 

 Mr. Chad Koscielny is a Research Scientist at DuPont 
Pioneer, Carman, Manitoba.  He has worked for DuPont 
Pioneer since 2000 in various field agronomy roles and 
since 2012 has lead the canola breeding efforts.  The goal of 
his research is to develop high yielding canola hybrids, 
while protecting genetic potential through resistance to 
pathogens casuing blackleg, clubroot, and sclerotinia root 
rot.  Current projects include improving abiotic stress 
tolerance, increasing rate of genetic gain through genomic 
predictions and enhancing phenotypic characterization 
through the use of digital imagery. 
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Plant Pathology and Host-Pathogen Interaction 
Dr. Reem Abouddakhour  AAFC, Lethbridge, Canada 
Expertise: Cereal Pathology 
Dr. Sabine Banniza  University of Saskatchewan 
Expertise: Pulse Crop Pathology 
Dr. Dwayne Hegedus      AAFC, Saskatoon 
Expertise: Canola Pathology, Molecular Plant Pathology 
Dr. Sean Walkowiak University of Saskatchewan 
Expertise: Molecular Plant Pathology, Fusarium Species 
 

Plant Breeding Genetics, and Biotechnology 
Dr. Isobel Parkin AAFC, Saskatoon, Canada 
Expertise: Genetics and Genomics of Oilseed Crops 
Dr. Sateesh Kagale National Research Council 
Expertise: Plant Molecular Genetics and Genomics, Bioinformatics 
Dr. Steve Robinson  AAFC, Saskatoon, Canada 
Expertise: Epigenetics  
Dr. Kirstin Bett University of Saskatchewan 
Expertise: Pulse Crop Genetics and Genomics  

 
Agronomy and Weed Science 

Mr. Eric Johnson University of Saskatchewan 
Expertise: Weed Biology and Management 
Dr. Steve Shirtliffe University of Saskatchewan 
Expertise:  Field Crop Agronomy 
 
 
 

33rd Annual  
Plant Science Graduate Student Symposium 

Judges 	
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Plant Ecology, Physiology, and Metabolism 
Dr. Eric Lamb 
Expertise: Plant Ecology, Biostatistics 

University of Saskatchewan 
 

Dr. Lester Young 
Expertise: Plant Physiology and 
Biology 

University of Saskatchewan 

Research Proposal 
Dr. Tim Sharbel Global Institute for Food 

Security 
Expertise: Seed Biology and Apomixis 
Dr. Kate Congreves  University of Saskatchewan 
Expertise: Plant Nutrition, Plant-Soil Interaction 
Dr. Helen Booker University of Saskatchewan 
Expertise: Flax Breeding and Genetics 
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33rd Annual 
Plant Science Graduate Student Symposium 

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Events Schedule 
------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

Friday, March 31st 
| Agriculture & Veterinary Buildings | 

9:00 am Registration & Breakfast 
Agriculture Building – Atrium 

9:30 am Welcome Remarks from Chair (Vet. Building Room #2302) 
Gurcharn Brar 

9:35 am  Keynote Talk – (Vet. Building Room #2302) 
Dr. Neil Emery 
Beyond phytohormones: cytokinins as inter-kingdom signaling molecules 

10:10 am Keynote Talk – (Vet. Building Room #2302) 
Dr. Juli Carrillo 
Impact of tomato domestication on biotic interactions above- and below-ground 

10:45 am Coffee Break  
Veterinary Building Foyer 

11:00 am Keynote Talk – (Vet. Building Room #2302) 
Dr. Curtis Pozniak 
From Genes to Phenotypes in Wheat – Towards Breeder Friendly Markers 

11:35 am Keynote Talk – (Vet. Building Room #2302) 
Dr. Tom Fetch 
Global increase in virulence of cereal rust pathogens 

12:15 pm LUNCH |Agriculture Building: Atrium| 
1:30 pm Keynote Talk – (Vet. Building Room #2302) 

Dr. Linda Hall 
Kochia: Biology, Gene Flow and Management of a Herbicide-Resistant Tumbleweed 

LUNCH | ATRIUM | 

2:05 pm Keynote Talk – (Vet. Building Room #2302) 
Dr. Reem Aboukhaddour 
Tan spot research in Canada 

 

2:40 pm Keynote Talk – (Vet. Building Room #2302) 
Dr. Jonathan Lundgren 
TBA 

 

3:15 pm Refreshments: Veterinary Building Foyer 
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WELCOME EVENTS |Canadian Light Source | Biology Building| 
4:00 pm Optional Tour: Canadian Light Source (CLS)- National Synchrotron 

Research Facility 
5:30 pm Games & Entertainment  

Biology Atrium & Biology Theater 
6:00 pm Dinner 

Biology Atrium & Biology Theater 
7:30 pm Optional Games, Entertainment & Socializing 

  

Saturday, April 1st  
| Veterinary Building | 

7:30 am Breakfast & Registration 
Veterinary Building Foyer 

Session 1: Plant Ecology, Physiology, and Metabolism 
Veterinary Building – Room #2585                                   Chair: Sakyi-Quartey Solomon 

 8:30 am Ian Willick University of Saskatchewan 
Ice nucleation activity and freezing properties of "Norstare" winter wheat 
and winter rye crown tissues 

8:45 am Zelalem M. Taye University of Saskatchewan 
Meteorological conditions and site characteristics driving edible mushroom 
production in Pinus pinaster forests of Central Spain 

9:00 am Eliza Mohsenzadeh Rabani University of Saskatchewan 
Effect of growth media and drought on lentil growth characteristics 

9:15 am Karuna Kapoor University of Manitoba 
Role of ABA and Ethylene During Programed Cell Deth in Altered 
Phytoglobins Maize Somatic Lines 

9:30 am Elena Benic University of Saskatchewan 
Mechanism of tolerance to photoinhibition of photosynthesis in 
Amaranthus grown at high and low irradiance 

9:45 am Katelynn Walter North Dakota State University 
Pre-germination waterlogging tolerance in dry bean (Phaseolus vulgaris L.) 

Session 1: Plant Breeding, Genetics, and Biotechnology 
Veterinary Building – Room #2302                                                   Chair: Gurcharn Brar 

8:00 am Azam Nikzzad  University of Alberta 
Heterosis for seed yield in hybrids of Brassica napus populations derived 
from interspecific crosses between B. napus and B. oleracea 
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8:15 am Taryn Heidecker       University of Saskatchewan 
Untangling flower time in lentil (Lens culinaris) 

8:30 am Finlay Small       University of Guelph 
Evaluating drought tolerance and nitrogen fixation in lentil accessions from 
Nepal and Canada 

8:45 am Narinder Singh    Kansas State University 
Developing Representative Core Set from Genebanks 

9:00 am Maria Gabriela Tobar Pinon  North Dakota State University 
Genetic diversity of the Guatemalan climbing bean collection 

9:15 am Sandesh Neupane University of Saskatchewan 
Phenological study of diverse lentil (Lens culinaris Medik.) germplasm in 
multiple environments 

9:30 pm Kanwardeep Singh  Washington State University 
Evolution of C-Ph1 gene and its application in wheat breeding 

9:45 am  Jamin Smitchger  Montana State University 
Quantitative trait loci associated with lodging, stem strength, and other 
important agronomic traits in dry field peas 

Session 1: Agronomy and Weed Science 
Veterinary Building – Room #2105                                                    Chair: Moria Petruic 

8:45 am Steffen Falde North Dakota State University 
Spectral Analysis of Potato 

9:00 am Cassie Anderson North Dakota State University 
Mechanical Properties of Arabinoxylan Films 

9:15 am Laura Schmidt University of Manitoba 
Optimization of plant spatial arrangement for dry bean (Phaseolus vulgaris) 
production in Manitoba 

9:30 am Lizzy Lovering North Dakota State University 
Distillers Byproducts as compared to other nitrogen products as a fertilizer 
for corn 

Session 1: Plant Pathology and Host – Pathogen Interaction 
Veterinary Building – Room #2115                                                      Chair: Tadesse Gela 

8:30 am Paula Guastello Montana State University 
Evaluating efficiacy of Endothall treatment on Eurasian and hybrid 
watermilfoil in Jefferson slough, Montana 

8:45 am Amanda Rose Peters North Dakota State University 
Characterization of disease expression conferred by three host gene-
necrotrophic effector interaction in the wheat-Parastagonospora norodum 
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pathosystem 
9:00 am  Gursahib Singh University of Saskatchewan 

Effect of fungicide application timing on fusarium head blight in durum 
wheat 

9:15 am Solmaz Irani University of Saskatchewan 
Different expression analysis of response to clubroot pathogen infection in 
Arabidopsis shoot 

9:30 am Luz Montejo  North Dakota State University 
Rust resistance in the Guatemalan climbing bean germplasm 

9:45 am Bruce Pei  University of Manitoba 
Identification of leaf rust resistance genes on durum wheat 

Session 1: Research Proposal  
Veterinary Building – Room #2103                                                  Chair: Manpreet Kaur 

8:00 am Bethany Stebbins North Dakota State University 
Effects of Oat Starch on Oat Quality 

8:15 am Ramandeep Kaur Bamrah University of Saskatchewan 
Nutritional profiling of pea seeds by X-ray fluorescence spectroscopy 

8:30 am Raju Chaudhary University of Saskatchewan 
Increasing genetic diversity in Camelina sativa using interspecific 
hybridization 

8:45 am KC Ashmit North Dakota State University 
Wheat varieties resistance to root lesion nematode (Pratylenchus neglectus) 

9:00 am Nathan Haugrud North Dakota State University 
Cultivation effect on residual sugarbeet herbicides applied early post-
emergence 

9:15 am Ashley Ammeter University of Manitoba 
Characterization of Cruciferin and Napin Proteins in a Brassica napus Nested 
Association Mapping Population 

9:30 am Leanne Koroscil University of Manitoba 

Exploring the Relationship Between the Law of Constant Final Yield and 
Field Bean (Phaseolus vulgaris) Production in Manitoba 

9:45 am Dilanganie Dissanayanka University of Saskatchewan 

Genome wide association study (GWAS) of micronutrient profile in pea 
(Pisum sativum L.) 

10:00 am END SESSION 1 
Refreshment Break | Veterinary Building Foyer | 

10:15 am Keynote Talk – (Vet. Building Room #2302) 
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Dr. Scott Jackson 
Genomes and sources of variation in cultivated legumes 

10:50 am Keynote Talk – (Vet. Building Room #2302) 
Dr. Matthew Moscou 
The process of discovery: How a conversation at a conference led to development 
of a research program 

11:25 am  Keynote Talk – (Vet. Building Room #2302) 
Dr. Maria Trainer 
Role of plant science in world food security 

12:00 pm Lunch  
|Agriculture Building: Atrium| 

Session 2: Research Proposal  
Veterinary Building – Room #2103                                                   Chair: Tonima Islam 

12:45 pm Sapna Sharma North Dakota State University 
Genetics of wheat domestication 

1:00 pm Federico Velasquez North Dakota State University 
Waterlogging tolerance in wild accessions of common bean (Phaseolus 
vulgaris L.) and related species 

1:15 pm Sergio Fabian Cabello Leiva North Dakota State University 
Nutrient credits from cover crops in no-tillage systems in the Northern 
Great Plains 

1:30 pm MM Uzzal Ahmed Liton University of Manitoba 
Genetic and transcriptomic analysis for pre-harvest sprouting in a mapping 
population of wheat 

1:45 pm Keval Shah University of Manitoba 
Introgression of Blackleg resistant gene from Hexaploid lines and B. juncea 
to B. napus and mapping of R- gene in B. napus 

Session 2: Agronomy and Weed Science 
Veterinary Building – Room #2105                                                           Chair: Ti Zhang 

1:00 pm Oleksandr Alba University of Saskatchewan 
Integrated weed management in organic field pea (Pisum sativum) and 
Lentil (Lens culinaris) 

1:15 pm Razi Ibrahim North Dakota State University 
Predicting potato yield losses due to metribuzin sensitivity 

1:30 pm Patricia Cabas-Luhmann North Dakota State University 
Delayed harvest affects gain and semolina quality of durum wheat 

1:45 pm Erin Endres North Dakota State University 
Metribuzin tolerance of soybean genotypes 
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Session 2: Plant Pathology and Host-Pathogen Interaction 
Veterinary Building – Room #2115                                                    Chair: Sara Doerksen 

1:00 pm Yang Lin  University of Manitoba 
QTL mapping of fusarium head blight resistance in an elite winter wheat 
doubled haploid population 

1:15 pm Carlos Raul Maldonado Mota  North Dakota State University 
Identification of new sources of resistance to anthracnose in climbing bean 
germplasm from Guatemala 

1:30 pm Mandeep Sagi  University of Saskatchewan 
Genome-Wide Analysis and Expression Profiling of NBS-LRR Genes in 
Chickpea Against Ascochyta rabiei  

Session 2: Plant Ecology, Physiology, and Metabolism 
Veterinary Building – Room #2585                                   Chair: Sakyi-Quartey Solomon 

1: 00 pm 
 

Kaila Hamilton University of Saskatchewan 
The effect of chilling pre-treatment in epiculticular wax in Zea mays 

1:15 pm Tamanna Jahan University of Saskatchewan 
Iron Fortification in Chickpea: A Way to Follow to Address Iron Deficiency in 
Humans 

1:30 pm Endale Tafesse University of Saskatchewan 
Heat stress tolerance of field pea largely depends on its canopy architecture 
and morphological characteristics 

Session 2: Plant Breeding, Genetics, and Biotechnology 
Veterinary Building – Room #2302                                                   Chair: Gurcharn Brar 

12:45 pm Hiroshi Kubota  University of Alberta 
Genetic variations for nitrogen use efficiency in Canadian spring wheat 
(Triticum aestivum L.) 

1:00 pm Maya Subedi  University of Saskatchewan 

Mapping milling quality traits in a lentil recombinant inbred line population 

1:15 pm Harunur Rashid  University of Manitoba 

Development of molecular markers linked to Leptosphaeria maculans 
resistance gene Rlm6 and inheritance of SCAR and CAPS markers in B. napus 
x B. juncea interspecific hybrids 

1:30 pm Amy Scegura  North Dakota State University 
Marker assisted backcross selection for virus resistance in pea 

1:45 pm Evan Salsman  North Dakota State University 
Genomic prediction accuracy for grain yield in durum wheat (Triticum 
turgidum L. var. DESF) breeding program 
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2:00 pm Hua Chen  University of Alberta 
Association mapping of agronomic traits in Western Canadian wheat 
population 

2:15 pm 
 

END SESSION 2 
Refreshment Break | Veterinary Building Foyer | 

2:30 pm 
Keynote Talk – (Vet. Building Room #2302) 
Mr. Chad Koscielny 
Plant Breeding ‘A view from inside private industry’ 

Session 3: Plant Breeding, Genetics, and Biotechnology 
Veterinary Building – Room #2302                                                  Chair: Sara Doerksen 

3:05 pm Akshaya Vasudevan  University of Saskatchewan 
Genomic and phenotypic characterization of early flowering (Epi) mutants 
derived from 5 – azacytidine treated Flax (Linum usitatissimum L.) cultivar 
‘Royal’ 

3:20 pm Jorden Hinrichsen  North Dakota State University 
Ornamental and commercial serviceberry trial and production in North 
Dakota 

3:35 pm Teketel Haile  University of Saskatchewan 
Genomic prediction of quantitative traits for wheat breeding 

3:50 pm Rajib Podder University of Saskatchewan 
Association mapping of iron concentration in lentil (Lens culinaris Medik)  

4:05 pm 
End Session 3 
End Symposium Day 2: REST PERIOD UNTIL BANQUET 

Banquet and Awards Ceremony 
| TCU Place: 35 22 St E, Saskatoon, SK | 

Agrobiodiversity: acknowledging the differences and utilizing 
them for the future 

5:30 pm Cocktails 

6:00 pm 
Banquet Address 
Dr. Tom Warkentin 

6:30 pm Dinner 

7:30 pm 
Presentation of Awards 
Gurcharn/Solomon/Moria 

8:00 pm 
Social 
**3M2C Latin Band** 
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33rd Annual 

Plant Science Graduate Student Symposium 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Abstracts 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Keynote Talks 
Beyond phytohormones: cytokinins as inter-kingdom signaling molecules 
 
R. J. Neil Emery* 
Department of Biology, Trent University, DNA Building, 2140 East Bank Drive, Peterborough, ON K9J 
7B8 
*Correspondence: nemery@trent.ca  
 
The cytokinins are a diverse family of chemicals most widely known for their dramatic impacts on 
plant growth and development.  They are usually growth promoting and responsible, in many cases, 
for redirecting the flow of assimilates and nutrients. In other words, they orchestrate the inter-
organ, source/sink relationships within a growing plant.  Influence like this holds great interest for 
agronomists because of potential impact on seed yield, vegetative plant vigour, and pest 
resistance.  In recent years, surprising results have emerged showing that all organisms seem to 
biosynthesize cytokinins and, moreover, in many cases, this is done by symbionts, parasites and 
pathogens to bio-design plant growth to their advantage.  Vivid examples of this can be seen in 
systems like fungal-induced tumors and insect-associated galls. This talk will introduce the principles 
of cytokinins and source-sink relations in plants, and will move into examples of how this is disrupted 
by interactions with bacteria, fungi and insects. A picture will emerge of a system of growth 
regulating molecules that flow among kingdoms and through the greater bio-environment. 
 

Impacts of tomato domestication on biotic interactions above- and 
belowground 
 
Juli Carillo* 
University of British Columbia, Vancouver Campus, 131 Main Mall, Vancouver, BC V6T 1Z4 
*Correspondence: juli.carillo@ubc.ca  
 
The domestication of plants has changed their interactions with other species, above and below 
ground, compared to their wild counterparts.  Selection for increased yield in agricultural plants is 
expected to lead to reductions in herbivore resistance due to tradeoffs with growth and 
reproduction, but may also influence other multitrophic interactions. This includes indirect defenses 
involving higher trophic levels, such as herbivore-induced plant volatiles (HIPVs), which function 
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through the attraction of predators, and belowground interactions with the soil microbial 
community which may influence aboveground defenses. We examined variation in HIPV 
attractiveness across a domestication gradient in tomato, including wild relatives, landraces, and 
domesticated, commercial cultivars using a tri-trophic system consisting of the specialist 
lepidopteran herbivore and two of its key natural enemies, a parasitoid wasp and a generalist egg 
predator. We also sought to determine the effects of domestication on plant-soil  interactions, by 
characterizing the soil microbial communities associated with various cultivars of domesticated 
tomato and some of its wild relatives and its effects on plant resistance to herbivory. In olfactometer 
trials, natural enemies preferred HIPVs of wild tomatoes over domesticated cultivars, with landraces 
in between. In contrast, herbivores were more likely to oviposit on domesticated than on wild or 
landrace tomatoes, indicating that insect responses to plant odors vary with trophic level. Field trials 
confirmed olfactory preference tests: caterpillars recovered from wild tomato relatives were more 
likely to be parasitized than those recovered from landraces or domesticated tomatoes. Our results 
suggest that tomato domestication reduced the efficacy of HIPVs in attracting predators compared 
with wild progenitors and that decreased attraction leads to lower attack rates by enemies in the 
field. This outcome has implications for understanding the ecological and evolutionary costs of tri-
trophic plant defenses and the compatibility of natural enemies for pest biocontrol in agricultural 
systems. 
 
From Genes to Phenotypes in Wheat – Towards Breeder Friendly Markers 
 
Curtis J Pozniak1*, Sean Walkowiak1, Kirby Nilsen1, P.R. MacLachlan1, Sateesh Kagale2

,
 

Andrew G. Sharpe3, Richard Cuthbert4, Krysta Wiebe1
 and Pierre Hucl1 

 
1 Department of Plant Science/Crop Development Centre, University of Saskatchewan, 51 Campus 
Dr., Saskatoon, SK, S7N 5A8 Canada 
2National Research Council Canada, Saskatoon, SK, Canada 
3Global Institute for Food Security, Saskatoon, SK, Canada 
4Agriculture and Agri-Food Canada, Swift Current, SK, Canada.  
*Correspondence: Curtis.pozniak@usask.ca  
 
Modern selection technologies, mainly marker assisted selection (MAS), are used by our spring 
wheat (Triticum aestivum L.) and durum (Triticum turgidum var. durum) breeding programs to 
improve selection efficiency. However, most agronomically important traits in wheat are associated 
with quantitative trait loci (QTL) and only a few studies have defined genes associated within these 
QTL.  Next-generation sequencing strategies and high density single nucleotide polymorphism (SNP) 
arrays have allowed improved resolution of QTL in well phenotyped bi-parental mapping populations 
and the recent availability of physical maps, and chromosomal/whole genome shot gun assemblies of 
the wheat genome promises the possibility to associate functional genes with these QTL. Recently, 
several tetraploid and hexaploid wheat reference sequences have become available, and these are 
expected to pave the way for innovations in wheat biology and breeding.  Here we report on highly 
contiguous assemblies of two elite wheat cultivars and their comparative analysis as a step towards 
characterizing the wheat pan-genome. This resource, in combination with transcriptome/exome 
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sequencing and digital phenotyping, are aiding in marker development and positional cloning of a 
gene for pith expression in both spring and durum wheat.  Comparative genetic analysis of both 
wheat species have identified two putative candidate genes and current data suggests that copy 
number variation, coupled with gene silencing in some genetic backgrounds, may play an important 
role in pith expression in wheat.  A DNA marker based on variation in one of these genes will be a 
useful resource to support marker assisted breeding. 
 
Global increase in virulence of cereal rust pathogens 

T. Fetch* 
Brandon Research & Development Centre, Agriculture & Agri-Food Canada, 2701 Grand Valley Road, 
Brandon, MB, R7A 5Y3 Canada 
*Correspondence: Tom.Fetch@agr.gc.ca  

Cereal rust diseases caused by various species of Puccinia have routinely inflicted substantial yield 
losses worldwide.  This led to voluminous research during the past century in efforts to understand 
the biology, epidemiology, pathogenicity, and control of the various cereal rust pathogens.  The 
most efficient, effective, and environmentally friendly method of control is through the use of 
effective host resistance genes.  Much research has been done to find new rust resistance genes to 
control the various cereal rust diseases.  However, in many instances the resistance was short-lived 
due to the development of new physiologic races with increased virulence.  This talk will provide 
information on discovery and deployment of the various rust resistance genes worldwide, 
characterization and nomenclature of the cereal rust fungi, and recent changes in virulence that 
signify an overall global increase of virulence of the cereal rust fungi including Ug99 stem rust. 

Kochia: Biology, Gene Flow and Management of a Herbicide-Resistant 
Tumbleweed 

L. M. Hall 
1Department of Agriculture, Food and Nutritional Science, University of Alberta, Edmonton, AB T6G 
2P5, Canada 
*Correspondence: lmhall@ualberta.ca  

 
Kochia (Kochia scoparia) is an early emerging tumbleweed common to the Great Plains of Canada and 
USA. Plants are competitive with C4 metabolism, stress tolerance and a highly plastic morphology. 
Kochia has prolonged flowering; pollen production can continue for >1 month. Kochia has a 
protogynous flowering habit, which facilitates cross pollination. Pollen-mediated gene flow between 
adjacent plants has been reported at 11 to 17% but diminishes over distance; 50 and 90% reductions 
occurred on average at 3 and 14 m, respectively. A single plant can produce thousands of seeds, with 
2.9% dropped underneath the mother plant at maturity. Plants then break at the soil surface and 
tumbling of plants disperses the balance of seed. Plant movement is dependent on wind speed and 
the presence of impediments such as fences. In Alberta, wind-blown plants were clocked at 10.8 km 
per hour and moved 300 m before being stopped at fence line, at which point most of the seed had 
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been dispersed. Evolution of resistances to PSII-, ALS-, and EPSPS-inhibitor and auxinic herbicides has 
been documented. Resistance to glyphosate is conferred by tandem amplification of up to 27 EPSPS 
copies, whereas PS-II and ALS-inhibitor resistance is due to mutations in the target genes. As a result 
of seed and pollen dispersal and the stacking of resistance genes, resistance to these four herbicide 
modes of action have been reported in a single population. Early emergence dictates that the most 
effective herbicide controls are pre-emergent and pre-seeding (auxinic dicamba, PPO, PSII and VLCFA 
inhibitors). In-crop controls vary with resistance but mixtures containing auxinic herbicides 
fluroxypyr or dicamba, HPPD inhibitor pyrasufotole, and PSII inhibitor bromoxynil can be effective. 
Kochia’s ability to cross pollinate and disperse seed has accelerated both stacking of herbicide 
resistance and occurrence of herbicide resistant weeds. 
 

Tan Spot Research in Canada 

Reem Aboukhaddour1* and S.E. Strelkov2 
1Lethbridge Research and Development Centre, Agriculture and Agri-Food Canada, 5403, 1st Avenue 
South, Lethbridge, AB T1J 4B1, Canada 
2Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB T6G 
2P5, Canada 
*Correspondence: reem.aboukhaddour@canada.ca  
 
Tan spot of wheat caused by Pyrenophora tritici-repentis (Ptr) is one of the most serious 
leaf spot diseases in Canada. Ptr is a necrotrophic pathogen that follows the inverse gene 
for-gene interaction with its wheat host. Over the last decades, we have investigated the 
pathogen-host interaction; determined the role of its necrotrophic effectors (NE) in 
virulence and pathogenicity. This presentation will highlight the main findings and discuss 
future research perspectives. 

 
Genomes and sources of variation in cultivated legumes 

Scott Allen Jackson* 

Center for Applied Genetic Technologies, Department of Crop & Soil Sciences, University of Georgia, 
Athens, 30602 USA 
*Correspondence: sjackson@uga.edu  
 

Genome sequences are now available for a number of legume crops, including reference genome 
sequences and other resequenced accessions. These resources have greatly impacted the way we 
explore, understand and exploit genetic diversity for crop improvement. In addition to ‘traditional’ 
sources of variation, changes in DNA sequence, other sources of variation such as epigenetic 
modifications (e.g. DNA methylation) and alterations in gene expression are now being uncovered 
and linked to traits.  I will give an overview of sequencing efforts for crop legumes and the 
exploration of DNA methylation in soybean and common bean and the role it plays in gene 
regulation, particularly for genes resulting from whole genome duplications. 
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The process of discovery: How a conversation at a conference led to 
development of a research program 

Matthew J. Moscou* 
The Sainsbury Laboratory, Norwich Research Park, Norwich, United Kingdom, NR4 7UH 
*Correspondence: matthew.moscou@sainsbury-laboratory.ac.uk  
 
The exchange of information is critical for the advancement of science. Communication is the 
process of this exchange and exists in several formats including social media, published media 
(journals and books), conferences, and face-to-face meetings. While social and published provide 
short and long-term dissemination of information, conferences and the face-to-face interactions they 
provide, are an essential component of scientific discovery. While attending the Keystone Plant 
Immunity: Pathways and Translation conference in 2012, I had the opportunity to meet Prof. Tom 
Wolpert (Oregon State University). Until this point, my research focus was on nonhost resistance in 
the grasses to wheat stripe rust, with an emphasis on understanding how plant immune receptors 
have the capacity to recognize diverse plant pathogens. I will recount my experience on this unique 
encounter with Prof. Wolpert, where a presentation and casual conversation led to the development 
of an entire research program in my group. Prof. Wolpert group studies victorin, which is a partially 
cyclic pentapeptide host-selective toxin generated by Cochliobolus victoriae, which caused an 
epidemic on oats harboring the Pc2/Vb locus in the 1940s. Our initial collaboration focused on fine-
mapping the Locus Orchestrating Victorin Effects (HvLOV) in barley. From this initial work, we have 
now expanded our work to include the identification of BdLOV in Brachypodium distachyon and 
cloning of the Pc2/Vb locus from oat. Through this process of discovery, we have identified 
conserved pathway for sensitivity to victorin in monocot and dicot species, found coupling of HvLOV 
and Mla (barley powdery mildew resistance), and developed a sequence capture for immune 
receptors from oat. I will describe our current advances on these projects and how a casual 
conversation can lead to the development of an entire research program. 
 

Role of Plant Sciences in Food Security 
Maria Trainer 
CropLife Canada, 350 Sparks Street, Suite 202, Ottawa, ON K1R 7S8 
*Correspondence: trainer@croplife.ca  
 
The plant sciences are a critical pillar, not only of agricultural improvement but also for addressing 
many of the pressing challenges humanity faces today. Being a scientist in this field puts you in a 
position to support Canadian agriculture and also discover things that might help overcome 
emerging global challenges resulting from the impacts of climate change; develop the next Golden 
Rice to addresses elements of malnutrition; or produce something that betters the economic status 
of small shareholders in developing countries around the world. For example, did you know that 
without plant science innovations, Canada would need to farm almost 50 percent more land to grow 
the same amount of food? And, if farmers didn't have access to these tools, Canadians would pay 
about 55 percent more for food - roughly $4,400 more per family per year? 
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You are entering this field of science at a critical time. We are on the cusp of a whole new generation 
of plant science innovations -- like CRISPR, synthetic biology, and RNAi sprays -- that the world does 
not yet know about or understand. As the people who will be furthering that science – taking it from 
concept to reality – please, let the example of our failures to communicate about genetic 
modification be something you learn from. Be a scientist who communicates and help the rest of 
society understand that the work you do today can lead to a solution that matters to them 
tomorrow. 

 
Plant Breeding ‘A view from inside private industry’ 

Chad Koscielny* 

DuPont Pioneer, Carman, MB Canada 
*Correspondence: chad.koscielny@pioneer.com 
 
Plant breeding can often be a difficult profession to explain in terms of daily work due to multitude 
of tasks and cyclic long term nature of the goals. The larger role and expectations often gets lost in 
the details of the day to day research and activities. Working while taking grad studies I have often 
been asked the question by fellow graduate students should I pursue academy or private industry. 
Through these discussions I have come to realize that many MSc. and PhD. students are often 
unaware of the expectations and structures within major corporations in terms of plant science 
research. The goal of the presentation and resulting discussion is to pull back the curtain on plant 
breeding to provide insight into the expectations of a plant breeder for DuPont Pioneer. While plant 
breeding is a science that follows the same principles whether at universities or private industry and 
this discussion will highlight areas of similarity as well as potential differences. The purpose will be to 
provide students with a greater understanding with activities and expectations of a plant breeder 
within DuPont Pioneer to empower their decision making when making career decisions. 
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Students’ Contributed Talks 

Plant Ecology, Physiology, and Metabolism 

Ice nucleation activity and freezing properties of ‘Norstar’ winter wheat and 
winter rye crown tissues 
 
I.R. Willick1*, D.B. Fowler1 and K.K. Tanino1 
1Department of Plant Sciences, University of Saskatchewan, Saskatoon, SK, Canada. 
*Correspondence: ian.willick@usask.ca  
 
The most critical region for winter cereal winter survival is the crown. Freezing within the crown 
results in severe disruption in tissue structure as ice crystals in the apoplast grow at the expense of 
intracellular water. On a tissue level, acclimated crowns are more resistant to freezing due to less 
free water (bound to apoplastic constituents), reducing the formation of ice and subsequent amount 
of physical damage. While roots and leaves of winter cereals are most susceptible to freezing, they 
can regenerate if crown meristematic regions in the vascular transition zone (VTZ) and shoot apical 
meristem (SAM) remain uninjured. Remarkably, little work has been done to investigate the tissue-
specific ice nucleating activity and how this affects overall freezing and survival of the crown. It is 
hypothesized that high ice nucleating activity in non-critical tissues of cold acclimated crowns acts as 
a subfreezing buffer, facilitating the migration of water from the VTZ and SAM. We examined 
changes in water mobility and freezing during acclimation and exposure to sub-zero temperatures 
using nuclear magnetic resonance microimaging and infrared thermography in winter wheat 
(Triticum aestivum L. cv ‘Norstar’) and winter rye (Secale cereale L. cv ‘Hazlet’ and ‘Puma’). These 
results were validated with tissue specific freezing tests, differential thermal analysis, and ice activity 
assays. Tissue specific ice nucleation activity levels likely contribute to the establishment of freezing 
behaviours by ensuring the order of freezing in the tissues, from the primary freeze in non-critical 
regions to the last critical tissues. Advancements in our understanding of mechanisms of low 
temperature hardiness in winter cereals will be particularly useful to breeders’ intent on improving 
winter hardiness in winter wheat. 
 

Meteorological conditions and site characteristics driving edible mushroom 
production in Pinus pinaster forests of Central Spain 
 
Zelalem Mengiste Taye, 1 , Fernando Martínez-Pena 2, 3 , Jose Antonio Bonet 1, 4 ,Juan 
Martínez de Aragon4 , Sergio de-Miguel 1 

1Departament de Produccio Vegetal i Ci encia Forestal, Universitat de Lleida-Agrotecnio Center (UdL-
Agrotecnio), Av. Rovira Roure, 191, E-25198 Lleida, Spain 
2 Center for Agro-Food Research and Technology of Aragon (CITA), 50059 Zaragoza, Spain 
3 Cesefor Foundation, 42005 Soria, Spain 
4 Area de Productes Forestals no Fustaners, Centre Tecnologic Forestal de Catalunya (CTFC- 
CEMFOR), Ctra. De St. Llorenç de Morunys, km. 2, E-25280 Solsona, Spain 
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*Correspondence: zmt059@mail.usask.ca  
 
Integrating fungal-based ecosystem services into forest management planning and policy-making 
requires quantitative knowledge of the yields of fungal sporocarps and their environmental drivers. 
The aim of this study was to predict edible mushroom yield in Pinus pinaster forests of Central Spain, 
based on a 17-year data series. Two-stage mixed-effects models were used to examine the effect of 
predictors on mushroom occurrence and yield separately with the aim of providing further insight 
into the ecological system. Changes in seasonal precipitation represented the main weather-related 
driver affecting sporocarp emergence and production, since they were both positively influenced by 
late summer and early autumn precipitation. Soil acidity positively influenced Lactarius yield. Stand 
age and sandy soils showed a negative influence on mushroom production. The diversity of drivers 
became more apparent at the fungal species level. The models can be used for predicting the 
production of edible fungi under different meteorological and site conditions. 

 
Effect of growth media and drought on lentil growth characteristics 
 
Eliza Mohsenzadeh1, Linda Gorim1 and Bert Vandenberg1 

1Dept of Plant Sciences, University of Saskatchewan, Saskatoon, Canada 
*Correspondence: elm846@campus.usask.ca  
 
Lentil (Lens culinaris Medik) is usually grown in regions where lack of moisture limits its production. 
In Canadian prairies with annual precipitation of 300 mm, drought is a major issue. The goal of this 
study was to develop appropriate methods for studying the effects of drought on root and shoot 
characteristics of a diverse set of lentil genotypes grown in environmentally controlled growth 
chambers. Two cultivated Lens culinaris (‘Eston’ and ‘CDC Greenstar’) and 5 wild lentil genotypes (L. 
tomentosus IG 72805, L. ervoides L01-827A, L. odemensis IG 72623, L. orientalis IG 72611 and L. lamottei 
IG 110813) were grown in Sunshine Mix # 4 (SSM4) and Greens Grade® (GG) media under fully-
watered and drought conditions in growth chambers. SSM4 was a superior growth medium relative 
to GG and most genotypes with higher number of nodules, greater root length density (RLD) and 
shoot biomass found in this growth medium. This Greater shoot biomass resulted from greater RLD 
of 0.050 cm cm-3allowed for higher water and nutrient absorption. Nodules also contributed to high 
shoot biomass of plants through fixing nitrogen. Most water-stressed plants with great shoot 
biomass had high nodule numbers like Lens culinaris [‘Eston’ and ‘CDC Greenstar’] with 609 and 595, 
and 203 and 122 nodules in SSM4 and GG, respectively. With regard to drought, detrimental effect of 
drought was observed on almost all measured traits except for Root/Shoot showing increased value 
in both media under drought conditions. 
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Abscisic acid and ethylene are integrated in the phytoglobin (Pgb) regulation 
of maize somatic embryogenesis 
 
Karuna Kapoor, Mohamed Mira1, Belay T Ayele, Robert D. Hill, Claudio Stasolla* 

Department of Plant Science, University of Manitoba, Winnipeg, Manitoba, R3T 2N2, Canada 
1Permanent address: Department of Botany, Faculty of Science, Tanta University, Tanta, Egypt 31527 
* Corresponding author:  stasolla@ms.umanitoba.ca 
 
Phytoglobins are plant hemoglobins that have, amongst their properties, the ability to scavenge 
Nitric oxide (NO). Suppression of Zea Mays phytoglobins (ZmPbg1.1 or ZmPgb1.2) during somatic 
embryogenesis induces programmed cell death (PCD) as a result of retention of cellular NO.  While 
ZmPgb.1.1 is expressed in many embryonic domains and its suppression results in embryo abortion, 
ZmPgb1.2 is expressed in the basal cells anchoring the embryos to the embryogenic tissue.  Removal 
of these “anchor cells” by PCD allows the embryos to develop further.   The effects of ZmPgb 
suppression on embryogenesis was abolished by exogenous applications of ABA. A depletion of 
abscisic acid (ABA), ascribed to a down-regulation of biosynthetic genes, was observed in those 
embryonic domains where the respective ZmPgbs were repressed.  These effects were mediated by 
NO.  Depletion in ABA content induced the transcription of genes associated with ethylene synthesis 
and response. Ethylene levels also increased, which influenced embryogenesis.   Somatic embryo 
number was reduced by high ethylene levels and increased with pharmacological treatments 
suppressing ethylene synthesis.   The ethylene inhibition of embryogenesis was linked to the 
production of reactive oxygen species (ROS) and the execution of PCD.   The integration of ABA and 
ethylene in the ZmPgb regulation of embryogenesis is proposed in a model where NO accumulates in 
ZmPgb-suppressing cells, decreasing the level of ABA.   Abscisic acid inhibits ethylene biosynthesis 
and the NO-mediated depletion of ABA relieves this inhibition causing ethylene to accumulate.  
Elevated ethylene levels trigger production of ROS and induce PCD.   Ethylene-induced PCD in the 
ZmPgb1.1-suppressing line [ZmPgb1.1 (A) line] leads to embryo abortion, while PCD in the ZmPgb1.2-
suppressing line [ZmPgb1.2 (A) line] results in the elimination of the anchor cells and the successful 
development of the embryos. 

 

Mechanism of tolerance to photoinhibition of photosynthesis in Amaranthus 
grown at high and low irradiance 
 
E. Benic1, K. Tanino1 and G.R. Gray1,2* 
1Department of Plant Science, University of Saskatchewan, Saskatoon, SK Canada 
2Department of Biochemistry, University of Saskatchewan, Saskatoon, SK Canada 
*Correspondence: gr.gray@usask.ca 
 
The increased concern about food security has created a demand for more diverse crops and 
increasing yield. One practice in increasing yield is to increase planting density. As result, these plants 
grow in dense canopies, with leaves exposed to both high and low irradiance. This predisposes the 
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plant to photoinhibition, defined as a light dependent decrease in photosynthetic efficiency.  Plants 
have evolved numerous mechanisms to cope with photoinhibition and one of these photoprotective 
strategies involves the screening of incident light as well as the dissipation of excess energy as heat.  
The objective of this research was to evaluate the photoinhibitory responses of red and green 
vegetable varieties of Amaranthus grown at high light (HL, 500 µmol m-2 s-1 photosynthetic photon 
flux density (PPFD)) and low light (LL, 70 µmol m-2 s-1 PPFD) and their mechanisms of tolerance to 
photoinhibition. Photosystem II photochemical efficiency (Fv/Fm) was measured for both HL and LL 
grown plants before and after exposure to a photoinhibitory irradiance (1400 µmol m-2 s-1) at 2°C for 4 
hours.  When grown at HL the red variety showed only a 20% loss of Fv/Fm while the green variety 
exhibited a 59% loss.  Similarly, plant growth at LL resulted in 44 and 79% losses of Fv/Fm in the red and 
green varieties respectively. Upon the examination of photoprotective pigments at HL growth 
conditions, the red variety possessed a 2.6- and 4.7-fold higher content of carotenoids and betalains 
respectively in comparison to the green variety.  A similar trend was observed for growth at LL with a 
2.2-fold increase in carotenoids and a 3.5-fold increase in betalains evident in the red variety.  These 
results demonstrate that in Amaranthus, HL growth promotes the accumulation of photoprotective 
pigments which in turn increase tolerance to photoinhibition. In addition, it also appears the red 
variety is better adapted to higher levels of light when compared to the green variety. 

 
Flooding Tolerance at Germination stages in Dry Bean (Phaseolus vulgaris L.) 
 
K. Walter1*, A. Soltani2, D. Sarkar1 and J.M. Osorno1 

1Plant Sciences Department, North Dakota State University, Fargo, ND 
2Department of Plant Biology, Michigan State University, East Lansing, MI 

*Correspondence: Katelynn.a.walter@ndsu.edu  
 
Flooding occurrences have increased in frequency worldwide over the past six decades. Flooding can 
occur at any developmental stage for rain fed crops; however, seed germination is particularly 
sensitive to the stress since germination is highly dependent upon oxygen. Dry bean is the most 
consumed legume worldwide and also one of the most sensitive crops to flooding stress. North 
Dakota is the leading producer of dry bean in the United States and for the last three years, excess 
water at early developmental stages has been the number one problem for dry bean growers in the 
state with ~30% of acreage being affected each year. Although variation exists within each market 
class, in general, black and small red (pigmented seed coat) market classes are more tolerant to 
flooding during early developmental stages than the navy and great northern (unpigmented seed 
coat) market classes. A greenhouse screening was previously performed in which tolerant and 
sensitive dry bean genotypes to excess water during germination were identified based on 
germination rate. For this study, 70 of the most tolerant and most sensitive genotypes were selected 
from the population previously screened to gain a better understanding of the mechanisms 
underlying the flooding tolerance at the pre-germination stage. The genotypes were arranged in a 
randomized complete block design (RCBD) with a split-plot arrangement with the treatments 
(flooded and control) as the main plots and genotypes as the subplots. Germination rate, emergence 
rate, plant height, root, shoot, and total weight were measured for each genotype.  From this data, 
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the ten most sensitive and ten most tolerant genotypes will be analyzed for protective metabolic 
responses including proline accumulation, antioxidant enzyme changes, α-amylase activity, and 
trehalose-6-phosphate synthase activity which could be involved in pre-germination flooding 
tolerance. 
 

The effect of chilling pre-treatment on epicuticular wax in Zea mays 
 
K.Hamiton1*and K. Tanino1 

1Department of Plant Sciences, University of Saskatchewan, Saskatoon, SK Canada; 
*Correspondence: kaila.hamilton@usask.ca  
 
The likelihood of frost damage in Zea mays has limited the opportunity for its production in regions 
such as the Canadian prairies due to the sensitivity of the crop to yield reduction under cold 
condtions. These underutilized regions will be especially important as climate change shifts 
production geographies. The in-situ surface lipid composition of mature leaves in grain corn was 
studied under controlled environment and field conditions using Attenuated Total Reflectance (ATR) 
Fourier Transform Infrared (FTIR) Spectromicroscopy to evaluate biochemical changes induced by 
chilling pre-treatment in the epicuticular layer. Physical epicuticular wax changes were evaluated 
using confocal laser scanning microscopy (CLSM). Plants were exposed to chilling pre-treatment 
conditions over a 10 day (18℃/6℃) period. CLSM results show that field conditions increase the 
thickness of the cuticular layer. Complimentary experimental ATR-FTIR results showed changes, 
following chilling pre-treatment, in the asymmetrical stretching region of the CH2 aliphatics groups 

associated with the plant cuticle (cutin, waxes and cutan). Zea mays appears to be a useful model 
system with practical applications for evaluating links between chilling pre-treatment and frost 
avoidance in a whole plant system. 
 

Iron Fortification in Chickpea: A Way to Follow to Address Iron Deficiency in 
Humans 
 
T.A. Jahan1*, A. Vandenberg1, and B.Tar’an1 

1Department of Plant Sciences, University of Saskatchewan, Saskatoon, SK, Canada, S7N A58 
 *Correspondence: taj204@mail.usask.ca  
 
Iron deficiency (ID) is the most common nutritional disorder among all micronutrient deficiency due 
to insufficient absorbable iron. Chickpea (Cicer arietinum) is a potential vehicle for fortification as it 
contains high protein with Fe. Iron fortification in chickpeas by using iron fortificants to augment 
absorbable iron may address iron deficiency in less developed countries. Different Fe fortificants 
were used by simple spraying and heating method to improve the bioavailable Fe in chickpea seeds 
and flour. Sensory acceptability of fortified chickpea products was evaluated by regular chickpea 
consumers. A lab based test was done to check the bioavailable Fe by human cells. Experiments with 
fortified desi and kabuli chickpea products showed that NaFeEDTA and FeSO4.7H2O were effective 
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for increasing Fe concentration. A 9point hedonic scale of sensory evaluation of appearance, colour 
(raw and cooked) and taste (cooked) showed that Fe-fortified chickpea dal and chapati were 
acceptable to consumers. In vitro assessment of bioavailability of fortified chickpea increased 
bioavailable Fe with all three fortificants. These results link the improved Fe content in chickpea 
seeds and flour associated with increased bioavailable Fe. Fortified chickpea products can cover a 
major part of recommended daily Fe requirement in a very cost-effective way. Application of Fe 
fortification technique can be a potential solution in regions where Fe deficiency and chickpea 
consumers coexist. 
 
Heat stress tolerance of field pea largely depends on its canopy architecture 
and morphological characteristics 
 
Endale Geta Tafesse1, Tom Warkentin1, and Rosalind Bueckert1* 
1Department of Plant Sciences, University of Saskatchewan, SK. 
*Correspondence:  rosalind.bueckert@usask.ca  
 
Heat stress is one of the most limiting environmental factors that causes morph-physiological 
alterations and consequently yield reduction in pea (Pisum sativum L.). Understanding 
morphological and physiological characteristics associated with heat tolerance of pea would lead to 
the identification of traits of heat tolerance so that further breeding work can be planned to improve 
the specified traits in combination with yield. The goal of the present study was to determine effect 
of environmental variables and plant morphological characteristics on tolerance of peas against heat 
stress. Twenty-four field pea genotypes were tested by designing multiple field level experiments 
across six environments during 2014-2016. Weather variables including air temperature and rainfall 
distribution were continuously (every 15 minute) recorded using data loggers from weather stations 
established at each experiment location and year. Heat stress, often in combination with moisture 
stress and excess radiation load reduced number of pods, reproductive nodes, pods per 
reproductive node, duration of flowering, and plant biomass. It enhanced canopy temperature and 
SPAD reading. Canopy temperature was affected both by environment and plant factors. High air 
temperature and low moisture resulted in hot canopies. Lodging exacerbate heat stress, it was 
highly correlated (r = 0.73, P<0.001) with canopy temperature. However, there was remarkable 
variation among genotypes in their response to heat stress owing to their architecture and 
morphological characteristics including plant habit, leaf type, canopy color, and flower color.  Peas 
with semi-leafless leaf type, upright canopy habit and dark green canopy color, were associated with 
cool canopy temperature. Semi-leafless peas conserve moisture by limiting excessive transpiration. 
Peas with upright canopy minimized direct canopy contact with hot soil which minimizes heat 
conduction from hot surface, and enhance aeration through the canopy which help canopy cooling. 
Canopy color could be associated with reflection of radiation and heat load or protection through 
pigment. 
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Plant Breeding, Genetics, and Biotechnology 

Heterosis for seed yield in hybrids of Brassica napus populations derived from 
interspecific crosses between B. napus and B. oleracea 
 
Azam Nikzad1 and Habibur Rahman1 

1Department of Agriculture, Food and Nutritional Science, University of Alberta, Edmonton, AB T6G 
2P5, Canada 
*Correspondence: nikzad@ualberta.ca  
 

Heterosis is the phenomenon that progeny of crosses between two genetically different species of 
Brassica show higher vigour including seed yield compared to the parents. To study the relationship 
between the allelic diversity of the C-genome of B. oleracea introgressed into B. napus with heterosis, 
four B. napus inbred populations were developed through interspecific crosses between spring B. 
napus and two lines of B. oleracea. Test hybrids of these inbred lines were produced by crossing with 
spring B. napus as common parent. Mid-parent heterosis (MPH) showed significant effect on seed 
yield in three populations under two different environments. Moreover, heterosis over common 
parent showed significant effect on seed yield in two populations derived from B. napus × B. oleracea 
var. alboglabra cross. This results demonstrated that introgression of allelic diversity from B. oleracea 
into B. napus can increase seed yield in hybrid cultivars. 
  

Untangling flowering time in lentil (Lens culinaris Medik.) 
 
T. Heidecker1*, K. Bett1 

1Crop Development Centre/Department of Plant Science, University of Saskatchewan, Saskatoon, SK 
Canada 
*Correspondence: t.heidecker@usask.ca 
 
The importance of lentils (Lens culinaris Medik.) is increasingly apparent both in Canada and around 
the world for its economic and nutritional benefits. Flowering time is an important adaptation that 
allows lentils to grow in a number of different climatic regions, of which the major production areas 
can be broadly grouped into: Temperate, Mediterranean, and South Asian. Material in each of these 
three regions is genetically isolated and as genetic variability decreases within a climactic region, 
breeders look for outside material to cross with. Markers for flowering time are very valuable to 
advancing cultivars when crossing outside of a climatic region in lentils, because it is a highly 
quantitative trait and there are few markers available compared to other legumes. This experiment 
tested a marker for a gene similar to a flowering time gene in chickpea to see if multiple alleles 
existed in a diverse panel of 436 lentils. Afterward, 364 of these accessions were grown in a 
greenhouse under long days to see if the marker could predict flowering time in Saskatchewan, a 
northern temperate location. In the panel, there were 327 wild-type accessions and 109 lines with the 
deletion allele for this marker. Of the lines grown in the greenhouse, the average days to first flower 
across the group was 37.9 days (Standard Deviation (SD) = 7.19). There were 268 Wild-type 
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accessions that averaged 39.6 days to first flower (SD = 6.89), and 96 Deletion accessions that 
averaged 33.2 days to first flower (SD = 5.86). A Wilcox test did not reject that the wild-type and 
deletion groups had different days to first flower (p-value = 1.426e-13), however this control was less 
than reported under short-day conditions. These results suggest there are other genetic factors 
present in the population which influence time to flowering in a northern temperate climate. 
 

Evaluating drought tolerance and nitrogen fixation in lentil accessions from 
Nepal and Canada 
 
Finlay Small1 and Manish Raizada1 

1Department of Plant Agriculture, University of Guelph 
*Correspondence: fsmall01@uoguelph.ca  
 
The utilization of lentil as a cool season legume for food, feed, and soil fertility maintenance in the 
subtropical dry season is restricted by limited yields and nitrogen fixation when cultivated on residual 
soil moisture. This study seeks to screen a panel of Nepalese and Canadian lentil accessions for 
drought tolerance with respect to biomass yield and nitrogen fixation. A novel approach was taken 
to construct a null-balance lysimeter that facilitated the semi-automated maintenance of soil 
moisture for well-watered and water-deficit treatments. Many mechanisms that are known to 
enhance crop productivity and nitrogen fixation under water limitation, including the adjustment of 
root to shoot ratio, leaf angle, and dry matter content, were observed to change in response to 
water limitation indicating a diverse range of adaptive mechanisms within the panel of accessions 
studied here. We found differences between accessions and treatments for many traits including 
yield, N15 dilution, and nitrogen content, the results will be shown and discussed. 
 

Developing Representative Core Set from Genebanks 
 
Narinder Singh1,3, S. Sehgal2, S. Wu3, V. Tiwari3, J. Raupp3, B.S. Gill3, and J. Poland3 
1Wheat Genetics Resource Center, Kansas State University, Manhattan, KS USA 
2Department of Plant Science, South Dakota State University, USA 
3 Department of Plant Pathology, Kansas State University, Manhattan, KS, USA 
*Correspondence: nss710@ksu.edu  
 
Genebanks play a critical role to preserve and disseminate germplasm. However, it is a huge task to 
efficiently select and utilize donor accession(s) for crop improvement. Historically, breeders have 
relied on the phenotypic data or passport information to select best candidates for genetic 
introgression, but this approach is very limited since phenotypic information is often lacking or 
confounded by poor agronomic backgrounds of wild germplasm and passport data is often missing 
or incorrect. On the other hand, the selection based on genotypic data is expected to be more 
efficient. We applied genotyping-by-sequencing (GBS) to 565 Aegilops tauschii accessions held at 
Wheat Genetics Resource Center (WGRC) at Kansas State University. With ~145k single nucleotide 
polymorphic (SNP) markers, we were able to identify and remove ~30% duplicated accessions from 
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the collection. Based on this analysis, a set of unique accessions was developed, which was further 
scrutinized to select a smaller core set to be used in wheat breeding and improvement. Combining 
already existing phenotypic data for leaf rust, Hessian fly and stem rust coupled with geographical 
data, forty Ae. tauschii accessions were selected that represent genetically diverse group of 
accessions. Because of the diversity bottleneck, capturing genetically diverse accessions in wild 
wheat is important for the wheat improvement. Population genomic analysis revealed that these 
forty accessions captures >90% allelic diversity present in the population. These accessions can be 
prioritized for introgressing genes into breeding programs for important traits including drought and 
heat tolerance. 

 
Genetic Diversity of the Guatemalan Climbing Bean Collection 
 
M.G. Tobar Piñón1, 2*, S. Mafi Moghaddam1, R. Lee1, J.C. Villatoro Merida2, J.M. Osorno1, P.E. 
McClean1 

1Department of Plant Sciences, North Dakota State University, Fargo ND. 
2Instituto de Ciencia y Tecnología Agrícolas (ICTA), Guatemala. 
*Correspondence: gabriela.tobarpinon@ndsu.edu 
 
Common bean (Phaseolus vulgaris L.) is the most important legume crop for human consumption in 
the world and is the primary source of protein in the daily diet in Central America. In Guatemala, it 
occupies 184,000 hectares or 17.8% of available production acreage where 8 of 10 native children 
suffer from chronic malnutrition, the highest level in Latin America.  For this reason, food security 
plays a key role in the development of a healthy country. At this point, bean breeders are challenged 
to increase seed yield and maintain seed quality while breeding for resistance to several diseases 
whose incidence has increased due to climate change. Race Guatemala of common bean includes 
climbing beans from the highlands of Guatemala where poverty is the highest, and it is a resource of 
new alleles for bean improvement. The objectives of this research were to evaluate and describe the 
population structure, genetic diversity, and genetic differentiation of a Guatemalan climbing bean 
collection of 369 landraces using single nucleotide polymorphisms markers, and to perform a 
genome-wide association study (GWAS) to map important agronomic traits such as disease 
resistance. Population structure was analyzed using STRUCTURE 2.3.4, principal components analysis 
and a neighbor-joining tree. Components 1 and 2 explained only 12% of the variability showing weak 
population structure. Polymorphic information content ranged from 0.09 to 0.38 using 2,732 
markers, while genetic diversity ranged from 0.1 to 0.5. The association study showed significant 
peaks for rust (Uromyces appendiculatus) and Phytophthora resistance, peaks were inside genes 
encoding a leucine-rich repeat transmembrane protein kinase for rust and an ubiquitin ligase binding 
protein for Phytophthora. Both proteins are related to disease resistance in plants.   
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Phenological Study of Diverse Lentil (Lens culinaris Medik.) Germplasm in 
Multiple Environments 
 
S. Neupane1*, D. Wright1, A. Vandenberg1 and K.E. Bett1 
1Department of Plant Sciences/Pulse Crop Research Group, University of Saskatchewan, 51 Campus 
Drive, Saskatoon, Saskatchewan S7N 5A8  
*Correspondence: sandesh.neupane@usask.ca 
 
Lentil (Lens culinaris Medik.) is a nutritious pulse crop, grown in South Asian, Mediterranean and 
temperate environments around the world. With the improved productivity of recently developed 
varieties, lentil is considered a promising source of income for farmers. However, lentil breeding 
programs are based only on a fraction of total available genetic diversity. This is mainly due to 
adaptation constraints of varieties from one environment to another. Thus, to see the adaptation 
response of lentil germplasms to specific environment(s), 324 accessions of lentil consisting of 40 
temperate, 235 Mediterranean and 39 South Asian types, were evaluated at two locations in 
Saskatchewan, Canada in summer 2016 whereas the field evaluation is currently ongoing at one 
location in Nepal. It is believed that un-adapted germplasm typically flowers at inappropriate times, 
hence we will be more focused on flowering time traits while collecting and analyzing the data. 
Accessions from South Asia were the first to flower in both locations and temperate accessions were 
late in Saskatchewan. In a nutshell, broader range of flowering is seen in Nepal as compared to 
Saskatchewan. This is the first year of the field trial in diverse locations, we will be repeating trials 
next year for final conclusions.  

 
Evolution of C-Ph1 gene in polyploid wheat and application in wheat breeding 
 
Kanwardeep Singh1, Amita Mohan1, Ramanjot Bhullar1, Mohammad Ahsan Khan1, Kulvinder 
Gill1 

1Washington State University, Department of Crop and Soil Sciences, P.O. Box 646420, Pullman, WA 
99164 
*Correspondence: kanwardeep.singh@wsu.edu  
 
Wheat is an allohexaploid (2n=6x=42) that originated after two independent events of 
polyploidization with three sub-genomes that can pair with one another. To maintain integrity of the 
nucleus and reduce abnormal meiotic behavior, a precise mechanism to regulate chromosome 
pairing is required that not only differentiates homologous from non-homologous chromosomes but 
also differentiates homoeologous chromosomes from homologous chromosomes for normal 
bivalent formation and accurate recombination. In our previous study, we reported the cloning and 
functional characterization of major chromosome pairing control gene, Ph1 that regulates diploid-like 
pairing behavior of wheat (Bhullar et al 2014). We have also shown that the novel function of the C-
Ph1-5B copy has evolved via neofunctionalization that happened due to i) 29bp deletion and ii) 60bp 
insertion leading to the acquisition of unique motifs; iii) Alternate splicing; and iv) early PI to MI 
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specific expression. Further cloning and structural comparison of gene in diploid progenitors of 
wheat revealed that 29bp deletion in the 5B copy is polyploidization specific. Similarly, expression 
analysis in diploid progenitors revealed that gene has highest expression during pollen 
developmental stages in comparison to hexaploid wheat, where maximum transcript of C-Ph1-5B 
copy is present during early meiotic stages. Cloning of C-Ph1-5B copy from Triticum dicoccoides with 
varying level of chromosome pairing control (Ozkan et al 2001) show differences in gene expression, 
where high pairing lines show low expression during early meiotic stages compared to low pairing 
lines. Ph1 locus of wheat was successfully used to induce to homoeologous recombination to 
transfer genes from distant wheat wild relatives and silencing of C-Ph1 gene also resulted in 
alien/homoeologous recombination. Thus, suggesting that C-Ph1 gene evolved its function of 
chromosome pairing control via polyploidization specific changes in gene structure and expression 
that can be used to induce alien/homoeologous recombination. 

 
Quantitative trait loci associated with lodging, stem strength, and other 
important agronomic traits in dry field peas 
 
J.A. Smitchger1* and Norman Weeden1 

1Department of Plant Sciences and Plant Pathology, Montana State University, Bozeman, MT USA 
*Correspondence: jamin.smitchger@msu.montana.edu  
 
In order to discover the Quantitative Trait Loci (QTL) influencing lodging resistance and other 
important characteristics in dry pea, a recombinant inbred line (RIL) population was created from a 
relatively wide cross between the commercial variety ‘Delta’ and a wild type pea variety. Field 
research was conducted in Bozeman and Moccasin, MT, USA, and data was collected for 20 
quantitative morphological traits and several categorical traits which might be linked to lodging 
resistance or other agronomic characteristics. This phenotypic data was linked to genotypic data 
derived from genotype by sequencing, simple sequence repeat markers, and cleaved amplified 
polymorphic sequence markers. Based on 6 site years of data, the major genes influencing lodging in 
the RIL population are Mendel’s dwarfing gene (le) and the semi-leafless mutation (af), which 
together account for approximately 57.3% of the variation in lodging in pea. This study also indicates 
that there is a major lodging QTL on upper linkage group III, which is associated with the M, HR, or 
RMS1 genes. A lodging QTL mapped in 2003 was confirmed in this study, and 6 other lodging QTL 
were found. Due to the large amount of phenotypic data collected on other traits, the underlying 
phenotype causing lodging resistance was determined for each QTL. In nearly every case, lodging 
resistance was caused by decreases in height and increases in stem diameter. This study also 
describes QTL for other traits such as stem width, compressed stem diameter, side branch diameter, 
compressed branch diameter, hypocotyl diameter, maturity time, basal branching, aerial branching, 
leaf length, leaf width, nodes to first flower, total nodes attained prior to senescence, germination, 
seed imbibition, 100 seed weight, plant height, internode length, yield per plant, and small plot yield. 
Genetic markers will be developed for these QTL, allowing faster selection of desirable 
characteristics. 
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Genotypic variation for nitrogen use efficiency in Canadian hard red spring 
wheat 
 
Hiroshi Kubota1*, Muhammad Iqbal1,3, Sylvie Quideau2, Miles Dyck2, Dean Spaner1* 
1Department of Agricultural, Food and Nutritional Science, 410 Agriculture/Forestry Centre, 
University of Alberta, Edmonton, Alberta, T6G 2P5, Canada 
2Department of Renewable Resources, 751 General Services Building, University of Alberta, 
Edmonton, Alberta, Canada, T6G 2H5 
3National Agricultural Research Centre, Park Road, Islamabad, Pakistan 45500 
*Corresponding author. Email: hkubota@ualberta.ca  
 
Improving Nitrogen Use Efficiency (NUE) for wheat production in Canadian prairies is important for 
ensuring sustainable land and natural resource management while maintaining substantial yield in 
both organic and conventional systems. Past progress made in the increased yield in Canadian 
Western Red Spring Wheat (CWRS) was mainly taken place in conventional agriculture through the 
breeding for ideal ideotypes with an optimum nitrogen (N) fertilizer application. However, N 
fertilizer recovery in crops is estimated at 25 to 50%. Profound environmental concerns due to this 
inefficient N fertilizer usages suggested exploring genetic potentials to increase NUE of wheat. We 
designed an experiment to investigate 1) genotype and environmental variation for wheat NUE traits 
and 2) relationships between N use traits and agronomic traits in both organic and conventional 
management systems. We grew 15 diverse CWRS cultivars registered from 1910 to 2010 with and 
without N fertilizer in conventional systems, and again in very low input organic systems at six sites 
over three years (in a total of 18 environments). Data were collected on 26 traits, including a plethora 
of agronomic and NUE traits. Grain yield was positively correlated to NUE traits but negatively with 
grain protein content in all treatments. Lower vegetative biomass was associated with increased 
Nitrogen Utilization Efficiency (NutE). 

 
Mapping Milling Quality Traits in a Lentil Recombinant Inbred Line Population 
 

Maya Subedi1, Kristin E. Bett1and Albert Vanderberg1 
1Department of Plant Sciences, University of Saskatchewan, Saskatoon, SK, CANADA 
*Correspondence: mas248@mail.usask.ca  
 
Milling qualities are key export and vital traits for the red lentil industry. Genotype plays an important 
role for these quality attributes. The objective of the study was to identify quantitative trait loci 
(QTL) associated with milling quality in a lentil inbred population. A total of 127 recombinant inbred 
lines (RILs) of the LR-18 (CDC Robin x 946a-46) population were assessed for milling quality traits in 
two growing seasons (2013 and 2014) at two locations in Saskatchewan, Canada. Lentil quantitative 
traits related to milling recovery qualities include, dehulling efficiency, milling recovery and football 
recovery were detected using a total of 547 SNPs, 10 SSR and four morphological markers ((yc, Ggc, 
Tgc and Scp). Previously developed linkage map using these markers was used to locate QTLs for 
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milling quality traits. QTLs were determined using composite interval mapping by Windows QTL 
Cartographer V2.5. The result showed QTL governing dehulling efficiency and milling recovery were 
clustered in linkage group 1, 2 and 7 while football recovery were clustered in 4, 5, 6 and 7. One 
morphological marker yc (yellow cotyledon color) was associated with milling recovery traits. 
Markers linked with milling quality traits and detected in LG7 were stable. 
 

Development of molecular markers linked to Leptosphaeria maculans 
resistance gene Rlm6 and inheritance of SCAR and CAPS markers in B. napus X 
B. juncea interspecific hybrids 
 
M. Harunur Rashid1, Zhongwei Zou1 and W.G. Dilantha Fernando1 

1Department of Plant Science, University of Manitoba, Winnipeg, MB, R3T 2N2 Canada 
*Correspondence: rashidhrc@gmail.com  

Brassica napus is an economical crop in Australia, Europe and Canada. It interacts to a few major 
fungal pathogens including Leptosphaeria maculans, which is a causal agent of blackleg disease 
resulting in significant yield loss. Brassica species B. juncea carrying the B-genome has high levels of 
resistance to blackleg disease. A differential set of L. maculans isolates was employed to characterize 
the B. juncea cultivar ‘Forge’. This study revealed that the cultivar ‘Forge’ carried a single dominant 
gene Rlm6 resistance to fungal pathogen L. maculans. To transfer resistance gene Rlm6 from B. 
juncea into B. napus, an interspecific cross between B. napus ‘Topas DH16516’ and B. juncea ‘Forge’ 
was performed followed by developing of F2 and F3 generations. In addition to that SCAR and CAPS 
markers linked to L. maculans resistance gene Rlm6 were also developed. The segregation of SCAR 
and CAPS markers linked to Rlm6 in F2 and F3 progeny were confirmed by PCR genotyping. 
Genotyping SCAR marker suggested that approximately 52% of F2 and 28% of F3 plants carried Rlm6 
indicating a distortion of the expected segregation ratio for the dominant markers. Importantly, 
segregation of CAPS marker and phenotype for the blackleg disease severity in F2 plants have an 
acceptable fit to a 3:1 ratio of resistant versus susceptible plants, respectively, supporting the genetic 
control of the resistance by a single dominant gene. The molecular markers developed here linked to 
L. maculans resistance gene Rlm6 would facilitate marker-assisted backcross breeding towards a 
variety development program. 

 
Marker assisted backcross selection of virus resistance in pea  
(Pisum sativum L.) 
 
A.L. Scegura1* and K.E. McPhee2 

1Department of Plant Sciences, North Dakota State University, Fargo, ND, United States, 58102 
2 Department of Plant Sciences, North Dakota State University, Fargo, ND, United States, 58102 
*Presenter: amy.scegura@ndsu.edu  
 
Viruses are a destructive plant pathogen resulting in significant yield loss and reduced grain quality. 
Pea seed-borne mosaic virus (PSbMV) is an economically important viral disease in pea (Pisum 
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sativum L.) and has recently been detected in the Northern Great Plains with significant impact on 
the industry. PSbMV is aphid-transmitted from plant to plant and can be seed-borne. It causes 
malformed leaves, discolored or split seed, and reduced size and number of seed. Marker assisted 
backcross breeding was used to transfer the single recessive resistance allele for PSbMV (sbm-1) 
located on LG VI into locally adapted breeding lines. Parental breeding lines were hybridized with cv. 
‘Lifter’ in the fall of 2015 to develop F1 progeny. F1 plants were selfed or backcrossed to the adapted 
breeding line as the recurrent parent in the greenhouse in the spring of 2016. F2 and BC1F1 seed were 
planted in the field and individual BC1F1 plants possessing sbm-1 were identified using the 4Egenomic 
primers previously developed. Individual plants containing sbm-1 were allowed to self-pollinate to 
produce BC1F2 seed or were backcrossed to the recurrent parent to develop BC2F1 populations. BC2F1 

populations were self-pollinated, and the BC2F2 seed was planted in the greenhouse in the spring of 
2017. BC2F2 populations will be evaluated identifying homozygous recessive individuals conferring 
resistance. They will also be mechanically inoculated to validate marker data. Populations will be 
evaluated during the summer for disease resistance against the PSbMV strain present in the 
Northern Great Plains and for agronomic adaptation including yield performance. 

 
Genomic prediction accuracy of grain yield and protein content in the NDSU 
durum wheat breeding population (Triticum tugidum L. var. durum Desf) 
 
E. Salsman¹*, Y. Liu¹, J. Fiedler¹, J. Hegstad¹, E. Elias¹, F. Manthey¹, and X. Li¹ 
¹Department of Plant Sciences, North Dakota State University, Fargo, ND USA 
*Correspondence: evan.salsman.2@ndsu.edu  
 
North Dakota leads the United States in acreage and production of durum wheat (Triticum tugidum 
L. var. durum Desf).  Improvements in grain yield can result in substantial increases in profit for both 
farmers and the state.  Additionally, improvement of protein concentration can increase grain value, 
nutrition, and end-use quality.  To date, all cultivar yield and protein improvements in the North 
Dakota State Durum Wheat Breeding Program can be attributed to phenotypic selection on 
replicated-plot yield trials in late generations.  To understand the prospect of genomic selection (GS) 
in the same germplasm, results from unbalanced yield trials including approximately 1,000 breeding 
lines from 2012-15 were used as a training population to generate a GS model and predict breeding 
values of lines from the 2016 generation.  In general, the forward prediction accuracies increased as 
additional breeding generations were added to the model and prediction accuracies for the 2016 
generation were 0.45 and 0.44 for grain yield and protein content, respectively. This information can 
further our understanding of the accuracy plant breeders can expect when applying GS to complex 
traits in an active wheat breeding program. 
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Genetic diversity and association mapping of QTL associated with phenotypic 
traits in historical and modern Canadian Western Spring wheat 
 
Hua Chen1, Kassa Semagn1, Muhammad Iqbal1, 4, Neshat Pazooki Moakhar1, Teketel Haile3, 
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Days to heading date, plant height, plant maturity, test weight, kernel weight, grain yield and protein 
content are important traits for wheat breeders in Canada. The objective of the present study was to 
identify genomic regions and single nucleotide polymorphic (SNP) markers associated with the 
above seven traits using genomewide association (GWAS) mapping. The 81 cultivars were 
phenotyped in six environments and genotyped with 19,919 high quality SNP markers. The quality of 
the phenotype data across the six years was generally very good, with high heritability (0.68 to 0.76) 
for plant height, TKW and protein content, and moderate heritability (0.29 and 0.43) for days to 
heading and maturity, test weight and grain yield. Using GWAS we identified a total of 47 significant 
marker-trait associations, which include one for days to heading, 13 for test weight, two for days to 
maturity, four for grain yield, 12 for protein content and 15 for plant height. Seven SNPs at 43.15- 
43.19 cM on 4B were on high LD (r2 ≥ 0.8) with Rht-B1. The SNP ‘IAAV971’ showed the highest LD with 
Rht-B1 was in the predicted region of Rht-B1 ‘Traes_4BS_02C28E638’. A known early maturity gene 
Vrn-A1 has been located on 5A showing identity with seven SNPs (r2 =1) at 157.37cM in our study, but 
not in the predicted region of this gene. 

 
Genomic and Phenotypic Characterization of Early Flowering (Epi)Mutants 
Derived from 5-Azacytidine Treated Flax (Linum usitatissimum L.) Cultivar 
‘Royal’ 
 
Akshaya Vasudevan1*, Raja Ragupathy1, Megan House1, Lester Young1, Stephen J. Robinson2, 
Helen. M. Booker1 

1Department of Plant Sciences, University of Saskatchewan, Saskatoon 
2Agriculture and Agri-Food Canada, Saskatoon Research & Development Centre 
*Correspondence: akv529@mail.usask.ca 
 
Canada is the leading producer and exporter of flax, and Saskatchewan is the major contributor since 
1993-1994. Currently, the flax production is restricted to the southern parts of the prairies due to the 
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severe damage by the early fall frost in the northern grain belt. This has created a need to develop 
early maturing cultivars that would help producers to expand the area under cultivation, and also 
make harvest in the current growing regions easier by avoiding the tangling of green stem to the 
harvest equipment. Three early flowering mutant lines, namely RE1, RE2 and RE3 were derived from 
the cultivar ‘Royal’, upon treatment with 5-azacytidine, a hypomethylating chemical mutagen 
(Fieldes 1994). The early flowering phenotype of these mutant lines was found to be stable across 
nine generations (Sun 2015). Hence, towards genetic dissection of the trait; RE2, the earliest 
flowering and least-photoperiod sensitive among the three lines was crossed to its parent ‘Royal’ to 
develop a recombinant inbred line (RIL) population segregating for the trait. Resequencing of ‘Royal’ 
and its derivatives was done and a secondary reference assembly for the ‘Royal’, totalling to ~317 
million bases was generated using a novel algorithm developed at Dr. Steve Robinson’s lab with the 
help of the sorted ‘CDC Bethune’ genome representing all 15 chromosomes of flax. The resequencing 
data from RE1, RE2 and RE3 were aligned to the secondary reference of ‘Royal’ using bowtie2, and 
single nucleotide polymorphisms (SNP) calling was carried out using GATK bioinformatics pipeline. A 
total of 401 SNPs were identified at a high quality threshold of 5,000. The potential SNPs associated 
with the early flowering phenotype will be identified employing a novel strategy called QTL-seq 
(Takagi et al., 2013), which combines the advantages of both bulk segregant analysis and high-
throughput sequencing, using the RIL population which was phenotyped in the years 2015 and 2016 
and the secondary ‘Royal’ reference, as resources. Also, whole genome bisulfite sequencing of the 
phenotypic extremes in the RIL population will be carried out to identify the possible epigenetic 
basis of the early flowering trait. 

 
Ornamental and Commercial Serviceberry Trial and Production in North 
Dakota 
 
Jorden Hinrichsen1* and Harlene Hatterman-Valenti1 

1North Dakota State University, 1360 ALBRECHT BOULEVARD 460 B, FARGO, ND, USA 
*Correspondence: JORDEN.HINRICHSEN@NDSU.EDU  
 
Saskatoon serviceberry (Amelanchier alnifolia Nutt.) is an ornamental shrub which produces high 
quality, berry-like pome fruit; it is comparable to blueberry (Vaccinium spp.) in richness in nutrients 
and flavor. A member of the Rosaceae family, serviceberry produce delicate, white flowers and 
create a naturalistic look in aesthetic plantings. Most serviceberry is propagated in Canada. However, 
imported stocks are often expensive and reduced quality. In 2007 and 2008, clones were accessed 
from 70 locations throughout North Dakota and proliferated in tissue culture. Following 
establishment, a replicated field trial of these wild biotypes of Amelanchier alnifolia Nutt. was made 
in the North Dakota State University Arboretum near Absaraka, ND and in the Williston Research 
Farm. With the intent of introducing edible landscaping plants with ornamental value, yield data was 
taken upon harvest in summers 2014-2016 in the Arboretum and 2016 in Williston. Native plants were 
comparable to and often out-yielded market cultivars. Some of the highest-yielding biotypes were 
ND 48-2, ND 1-7, ND 1-2, ND 1-5, ND 1-6, ND 1-4; comparable with market cultivars Success, Parkhill, 
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and Regent. Other qualities to be noted are growth dimensions and presence of disease. In addition 
to field trials, tissue culture is being optimized. By combining these studies, North Dakota growers 
may have quality serviceberry from a local source. 
 
 
Genomic prediction of quantitative traits for wheat breeding 
 
Teketel A. Haile1*, Pierre J. Hucl1 and Curtis J. Pozniak1 

1Crop Development Centre, University of Saskatchewan, College of Agriculture and Bioresources, 51 
Campus Drive, Saskatoon, SK, Canada, S7N 5A8 
*Correspondence: teh837@mail.usask.ca  
 
Genomic selection (GS) was suggested as a new breeding strategy that combines statistical 
modelling and genomics to improve genetic gain of quantitative traits. However, there is limited 
empirical evidence on the practical application of GS for wheat breeding. The objectives of this study 
were ⅰ) to evaluate the potential of single and multiple-trait GS prediction models for wheat 
breeding ⅱ) to examine improvements in prediction accuracy when modelling genotype by 
environment (GxE) interactions. This study was based on 231 hexaploid wheat lines that were 
genotyped using the wheat 90K iSelect assay and evaluated for several agronomic and end-use 
quality traits in ten environments in western Canada. Several single-trait (RR-BLUP, G-BLUP, BayesA, 
BayesB, BayesCπ, BRR, BL, and RKHS) and multiple-trait (MT-BayesA, MT-BayesA-matrix, and MT-
BayesA-scalar) models were used to predict yield and other traits. The effect of modelling GxE 
interactions on GS model prediction accuracy was assessed using a marker by environment 
interaction model and reaction norm models that incorporates environmental data. The average 
prediction accuracies ranged from 0.5 to 0.8 for the various traits and models. Prediction accuracy 
for single trait prediction models was similar to that when multiple trait prediction models were 
used. For some traits, multi-trait prediction accuracy was lower compared to single trait prediction, 
but this was dependent on the inter-trait correlation. Modeling GxE interactions improved prediction 
accuracy dependent on the cross-validation scheme. Results obtained from this study are promising 
but further investigation is required to fully implement GS for wheat breeding. 
 
Association mapping of iron concentration in lentil (Lens culinaris Medik)  
 
R. Podder1*, H. Khazaei1, C. T. Caron1, A. Vandenberg1 and K. E. Bett1  
1Department of Plant Sciences, University of Saskatchewan, 51 Campus Drive, Saskatoon, SK, Canada 
S7N 5A8  
*Correspondence: rap039@mail.usask.ca  
 
Iron (Fe) deficiency is one of the most prevalent health concerns worldwide, especially in 
developing countries where diets can be Fe-deficient. Lentil (Lens culinaris Medik.) is an 
important staple grain legume that provides proteins and micronutrients for human diets. 
Research has been initiated at Crop Development Center of the University of Saskatchewan to 
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increase Fe concentration using different genetic and agronomic practices. Marker-trait 
association is one of the most promising tools that can help researchers to use modern genomic 
technologies to exploit natural diversity and to assess the historical and evolutionary 
recombination event occurred in population level. Knowledge about the genetic basis for Fe 
uptake in lentil seed is limited but important to increase sustainable Fe concentration in seeds. In 
this study, the objectives were to characterize genetic variation in seed Fe concentration and to 
identify molecular markers associated with this trait across a range of lentil accessions. A set of 
138 diverse cultivated lentil accessions from 34 countries were evaluated in four environments (2 
sites Ã— 2 years) in Saskatchewan, Canada. The collection was genotyped using 1150 SNP (single 
nucleotide polymorphism) markers that are distributed across the lentil genome. Our results 
revealed that screened germplasm exhibited a wide range of variation for seed Fe 
concentration. The marker-trait association analysis detected two SNP markers tightly linked to 
seed Fe concentration (âˆ’log10 P â‰¥ 4.36). Additional significant markers were detected at 
âˆ’log10 P â‰¥ 3.06. Most of the significant markers linked to the seed Fe concentration were 
found on lentil chromosome 5. This is the first study to explore the genetics controlling seed Fe 
accumulation in lentil seeds. The markers identified from this marker-trait association study 
should help to increase the efficiency of selection for increased seed Fe concentration in lentil. 
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Agronomy and Weed Science 

Spectral Analysis of Potato 
 
S.A. Falde1, A.L. Thompson1, I. MacRae2 

1Department of Plant Sciences, North Dakota State University 
2Department of Entomology, University of Minnesota 
*Correspondence: steffen.falde.1@ndsu.edu  
 
The commercial potato (Solanum tuberosum L.) is an important world food crop, recognized for its 
starchy, edible tubers.  Native to the Americas, potato was domesticated in the highlands of Bolivia 
and Peru, and in southern Chile.  European potato was selected for from Andean germplasm and 
disseminated throughout the world, later influenced by Chilean germplasm.  Potatoes are grown for 
the fresh, chip and French fry processing markets, as well as for seed.  Potato Virus Y is a non-
persistent, aphid-vectored virus, that affects yield and quality of potato.  In seed potato, even low 
levels of Potato Virus Y may result in rejection for certification.  Viral expression varies by strain, 
potato cultivar, and environment.  In some cases, expression is asymptomatic.  Visual observation is 
not always reliable.  Remote sensing, utilizing spectral analysis, can detect stress in plants through 
the interpretation of spectral reflectance curves.  Establishing wavelength frequencies in the 
electromagnetic spectrum associated with the presence of Potato Virus Y in potato would facilitate 
rapid detection of the virus.  Differences in spectral reflectance of infected and uninfected plants 
have been observed in several cultivars.  Mineral oils are commonly applied to deter aphid probing in 
potato.  Applications of oil on plant material may alter reflectance and therefor result in 
misinterpretation of data.  To assess the potential impact on reflectance, a 4% suspension of Aphoil® 
in water was applied to replicated plots of three uninfected cultivars of greenhouse-planted potato 
at a rate of 18.7 mL/m2 11 weeks after planting.  An equal number of plots were left untreated for 
comparison.  Reflectance, utilizing a hyperspectral spectroradiometer, was measured 1, 4, and 7 days 
after application on a primary leaflet from the first fully-expanded leaf on a chosen stem in each plot.  
Results and varietal interactions will be discussed for the cultivars ‘Dakota Ruby,’ ‘Red LaSoda NY-
20,’ and ‘Russet Burbank.’ 
 
Biodegradability and physical properties of Arabinoxylan films 
 
C. Anderson1* and S. Simsek1 

1Plant Sciences Department, North Dakota State University, Fargo, ND, USA 
*Correspondence: cassie.anderson@ndsu.edu  
 
The biodegradability and physical properties of arabinoxylan films are related to their composition. 
The main purpose of this research was to determine the differences between the amounts of 
biodegradable material present in films made from wheat bran arabinoxylan, maize bran 
arabinoxylan, and dried distillers grains arabinoxylan. Secondary purposes of this research included 
analysis of both the color and surface roughness of the same films to determine how they vary with 
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film composition. All films were made with either glycerol or sorbitol at varying levels (100, 250, or 
500 g kg-1). The chemical compositions of the three types of arabinoxylan used to make the films 
were determined using standard methods from the American Association of Cereal Chemists 
International. These chemical compositions were then analyzed in conjunction with the 
biodegradability and physical properties of the films. The three types of arabinoxylan used were 
alkaline extracted and had the following purities: 730 g kg-1 for wheat bran arabinoxylan, 850 g kg-1 

for maize bran arabinoxylan, and 580 g kg-1 for dried distillers grains arabinoxylan. The aerobic 
biodegradability of all films at least 490 g kg-1, and in some cases as high as 680 g kg-1. In addition, as 
the level of plasticizer increased, the biodegradability of the films increased. The wheat bran 
arabinoxylan films were the darkest, while the maize bran arabinoxylan films were the lightest. The 
colors of the films demonstrated the presence of impurities including protein and phenolic acids. The 
surface topography of all films was analyzed using atomic surface microscopy, and the wheat bran 
arabinoxylan films were the roughest. Overall, this research showed that the composition of 
arabinoxylan films affected their biodegradability and physical properties including color and surface 
topography. 

 
Optimization of plant spatial arrangement for dry bean (Phaseolus vulgaris) 
production in Manitoba 
 
Laura Schmidt1 and Rob H. Gulden1 

1Dept. of Plant Science, University of Manitoba, Winnipeg, MB R3T 2N2 
*Correspondence: laura.dawn.marie@gmail.com  
 
Manitoba accounts for a large proportion of dry bean (Phaseolus vulgaris) acreage in Canada, yet 
most of the current production recommendations are based on data from other regions and need to 
be revisited for modern varieties. An optimized spatial arrangement combines row spacing and plant 
stand density and has been previously shown to be a critical requirement for maximization of yield 
and biomass accumulation through early resource capture as well as play a key role in increasing the 
crop’s ability to tolerate biotic and abiotic stresses. Since Manitoba has a relatively short growing 
season early acquisition of resources is essential to maximizing plant productivity. This study aims to 
determine the optimal combinations of row spacing and plant stand density for different varieties to 
maximize yield for dry bean production. Field experiments were conducted at Carman and Portage la 
Prairie, Manitoba in 2015 and repeated in 2016. Plant spatial arrangement was evaluated for the two 
most commonly grown market classes of dry bean in Manitoba, navy and pinto beans. For each 
market class two varieties were chosen with differing plant architectures, either an indeterminate 
short vine or a determinate upright short vine, and planted at row spacings of 20, 40, 60, and 80 
centimeters. Navy beans were planted for target population densities of 20, 30, 40, 50, and 60 plants 
m-2 and pinto beans were planted for a target population of 10, 20, 30, 40, and 50 plants m-2. Plots 
were harvested by hand to determine final yield. Initial results indicate that row spacing has a 
significant effect on dry bean seed yield for all varieties across locations. The narrowest row spacing 
of 20 cm produced the highest yields while the effect of density was inconsistent. The results from 
this research will lead to increased revenue for Manitoban producers. 
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Distillers By-Products as Compared to Other Nitrogen Sources as a Fertilizer 
for Corn 
 
Elizabeth Lovering1 
1Department of Plant Sciences, North Dakota State University, USA 
*Correspondence:	elizabeth.lovering@ndsu.edu  
 
Demand for corn (Zea mays L.) based ethanol has increased over the past decade as the United 
States strives toward energy independence from fossil fuels. With this increase in production comes 
an increase in by-products such as wet distillers grain (WDG).  A field experiment was conducted to 
evaluate the effectiveness of WDG as a nitrogen (N) source for corn in North Dakota in comparison 
to more commonly used fertilizers such as urea and UAN, and other slow release products such as 
SuperU and Environmentally Smart N (ESN). WDG was found to yield similarly to other slow release 
products at most locations. Utilization of the WDG could prove to be economically beneficial in years 
where conditions are conducive to N loss and when prices are competitive. 
 

Integrated weed management in organic field pea (Pisum sativum) and Lentil 
(Lens culinaris) 
 
Oleksandr Alba*, Lena Syrovy, Shaun Campbell and Steve Shirtliffe 
Department of Plant Sciences, University of Saskatchewan, Saskatoon, SK, Canada 
*Presenter: ola754@mail.usask.ca ;Correspondence: steve.shirtliffe@usask.ca    
 
Weed control is a major challenge for organic producers, as synthetic herbicides, fertilizers and pests 
are prohibited in organic production. Nevertheless, organic farmers mainly rely on crop rotation and 
cultural practices, tillage still remains important component of their weed management system. This 
study will determine effect of mechanical weed control (rotary hoeing, post-emergence harrowing 
and inter-row cultivation) and crop seeding rate on yield and weed suppression in organically grown 
pea and lentil. Experiments will be conducted on certified organic land in Kernen Research Farm and 
Goodale in Saskatoon, SK during 2016/2017 field seasons. Seeding rates for both crops will be 1x and 
2x according to organic recommendations. Initially, two passes of Rotary-mini will be done as a pre-
emergence weed control. Next, harrow will be applied as a post-emergence weed control. Finally, as 
the Rotary mini-till and harrowing could not suppress large weeds the inter-row cultivator will be 
used. Achieved results will be presented at the conference. 
 

Predicting potato yield loss due to metribuzin sensitivity in North Dakota 
 
R. Ibrahim1*, H. H. Valenti2 and A. L. Thompson3 

1Graduate Student, Department of Plant Sciences, North Dakota State University, USA 
2Professor, Department of Plant Sciences, North Dakota State University, USA 
3Associate Professor, Department of Plant Sciences, North Dakota State University, USA 
*Correspondence: razi.ibrahim@ndsu.edu 
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Metribuzin is a popular herbicide used to control broadleaf weeds and annual grasses in most potato 
production areas in North America. Potato cultivars often show differences in tolerance to 
metribuzin. As new cultivars are released, it is important for growers to know the cultivar’s response 
to metribuzin to avoid injury (foliar chlorosis and necrosis, reduced plant height) and yield loss. 
Researchers in Idaho established a model to predict yield loss from metribuzin without harvesting. 
This model can help scientists quickly evaluate a large number of breeding lines and help growers 
with weed control decisions for the cultivars they have planted. However, the model was 
constructed based on the environment of Idaho. Our experiment was done to evaluate if this model 
is equally applicable for North Dakota using 26 potato clones (cultivars and breeding lines). 
Metribuzin (1.12 kg a.i./ha) was applied to plants at 8-12” canopy height in 2016 at the Northern Plains 
Potato Growers irrigation site near Inkster, North Dakota. Plant injury was rated as the percent of 
foliage from an average plant showing typical symptoms (chlorosis, necrosis, vine cleaning) and 
plant height was taken before harvesting. Predicted yield reduction was obtained by comparison to 
untreated plots and was calculated using the equation: [1(1.142+0.176(log(plant height treated/plant 
height untreated))X 0.00796( foliar injury)]. Most of the potato clones showed differences in their 
predicted yield reduction and actual yield reduction. Clone AND00272-1R had 24% predicted yield 
reduction where as it had only 2% actual yield reduction. On the other hand, the equation predicted 
yield reduction for potato clone ND8068-5Russ, ND8305-1 and ND092355CR-2Russ, while the actual 
yields were not decreased. It is obvious that this model is not valid for the ND environment. More 
data will be collected in 2017 to modify the model for ND. 

 
Delayed harvest affects grain and semolina quality of durum wheat 
 

P. Cabas-Lühmann1*, and F. A. Manthey1 
1North Dakota State University, Fargo, ND, U.S.A. 
*Correspondence: patricia.cabaslhmann@ndsu.edu 
 
Harvest can be delayed because of weather, breakdown of harvest machinery, or other crops ready 
to be harvested. Delayed harvest prolongs the exposure of the grain to the environment. This 
research was conducted to determine the effect of delayed harvest on grain and semolina quality of 
durum wheat (Triticum turgidum L. ssp. durum [Desf.] Husn.). Twelve durum cultivars were planted 
in eight-row plots with four replicates at three environments. Three sets of cultivars were tested: old 
cultivars (Ben, Dilse, Lebsock, Mountrail, and Pierce), current cultivars (Alkabo, Divide, Grenora, and 
Strongfield), and new cultivars (Carpio, Joppa, and Tioga). Two rows were harvested at four times 
according to grain moisture. The trend for all cultivars was for an increase in percent of large kernels, 
kernel brightness, and thousand kernel weight with delayed harvest, while grain yield, test weight, 
and kernel vitreousness generally decreased.  At Prosper 2014, ‘Joppa’, and ‘Alkabo’ had the highest 
yields with the lowest decline throughout delayed harvest time. At Prosper 2015, yield at the first 
harvest was generally similar for all cultivars. At the fourth harvest time, ‘Dilse’ had the lowest 
decline (79 g plot) and ‘Divide’ had the highest decline (312 g plot) in yield. Yellow pigment content 
of all cultivars declined with delayed harvest at all three environments. ‘Carpio’ and ‘Joppa’ had the 
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highest yellow pigment content.  Gluten index increased between the first and fourth harvest dates 
at all environments. ‘Carpio’ and ‘Joppa’ had very strong gluten index and were affected least by 
harvest date.  Gluten index of ‘Lebsock’ and ‘Grenora’ tended to be affected the most. In conclusion, 
grain and semolina quality generally declined with delayed harvest but varied with cultivar. 
 
Metribuzin tolerance of soybean genotypes 
 
E. Endres1*, T.C. Helms1 

1Department of Plant Sciences, North Dakota State University, Fargo, ND United States 
*Correspondence: erin.endres@ndsu.edu  
 
Soybean (Glycine max L. Merr) is a commonly grown in the Red River Valley of North Dakota. In 
recent years, there has been an increase in herbicide-resistant weed species in this region. 
Glyphosate-resistant common ragweed (Ambrosia artemisiifolia L.) has posed a problem for soybean 
growers, so using alternative weed control options such as metribuzin has also gained popularity. 
Metribuzin has demonstrated potential to injure soybean, but little research has been conducted on 
cultivars grown in North Dakota and Canada. Genetic differences to tolerance of metribuzin exist 
between soybean cultivars. A screening technique to grow soybean genotypes in hydroponic 
solution was developed to determine tolerance and susceptibility to metribuzin. Fourteen released 
and experimental soybean lines were screened in an experiment and repeated twice. Visual 
metribuzin injury was rated on a 1-5 scale, along with average plant height, plant shoot weight, and 
plant root weight. There was a significant variety by metribuzin interaction for injury, average height, 
and shoot weight. Root weight was non-significant for variety by metribuzin interaction. Genotypes 
with a visual injury rating less than 2.5 were considered tolerant, while those rated a 2.5 or greater 
was deemed susceptible to metribuzin herbicide.  The results from the screening experiments 
provide growers with information on metribuzin tolerance of experimental soybean genotypes that 
may be released in upcoming years. This information will allow for informed decision making in 
soybean production in North Dakota. 
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Plant Pathology and Host-Pathogen Interaction 

Evaluating Efficacy of Endothall Treatment on Eurasian and Hybrid 
Watermilfoil in Jefferson Slough, Montana 
 
P.R. Guastello1*, R.A. Thum1 
1 Department of Plant Science and Plant Pathology, Montana State University, Bozeman, MT, USA 
*Correspondence: paula.guastello@gmail.com  
 
Eurasian watermilfoil (Myriophyllum spicatum) is a heavily managed aquatic invasive species that 
impedes waterbody uses.  Eurasian watermilfoil hybridizes with its native sister species, northern 
watermilfoil (M. sibiricum).  Resulting hybrids are an emerging concern for aquatic plant managers, 
because some hybrid genotypes exhibit faster vegetative growth and/or reduced herbicide 
response.  However, direct comparisons of pure versus hybrid genotypes are currently limited.  In 
this study, we evaluate the potential to control nuisance pure and hybrid Eurasian watermilfoil with 
endothall in a riverine environment (Jefferson Slough, Montana).  First, we compared vegetative 
growth and endothall response of hybrid and Eurasian watermilfoil in the greenhouse. We did not 
identify any clear difference in response to endothall by hybrids versus pure Eurasian watermilfoil in 
the greenhouse. However, hybrids exhibited faster vegetative growth rates in the absence of 
endothall.  Next, we evaluated the efficacy of an operational endothall treatment in Jefferson 
Slough.  Similar to the greenhouse study, hybrid and Eurasian watermilfoil were reduced to the same 
average abundance after endothall treatment in the Slough. Therefore, we did not find any evidence 
that hybrid watermilfoil is inherently more tolerant to endothall in Jefferson Slough.  However, post-
treatment, we observed a qualitative increase in relative frequency of occurrence of hybrids in the 
section of the Slough where pure and hybrid Eurasian watermilfoil overlapped pre-treatment.  This 
observation, along with the faster hybrid growth rates in the greenhouse, may indicate subtle 
differences in the relative rate of re-growth and re-establishment of hybrid versus pure Eurasian 
watermilfoil in the field. 
 

Characterization of disease expression conferred by three host-gene-
necrotrophic effector interactions in the wheat-parastagonospora nodorum 
pathosystem 
 
Amanda R. Peters1, Timothy L. Friesen2, Justin D. Faris2 

1Department of Plant Sciences, North Dakota State University, Fargo, North Dakota 58102, USA 
2Northern Crop Science Laboratory, United State Department of Agriculture-Agricultural Research 
Service, Fargo, North Dakota 58102, USA 
*Correspondence: amanda.r.peters@ndsu.edu  
 
Septoria nodorum blotch (SNB), which is a major foliar disease on wheat, is caused by the 
necrotrophic fungus Parastagonospora nodorum. The wheat-P. nodorum pathosystem involves the 
recognition of necrotrophic effectors (NEs) secreted by P. nodorum by corresponding wheat NE 
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sensitivity genes. Recognition leads to effector-triggered susceptibility and ultimately disease. This 
type of interaction has been coined inverse gene-for-gene, with wheat-P. nodorum currently being 
studied as a model system. The objective of this project was to determine the effects of multiple 
host-NE interactions alone and in various combinations to determine the relative importance of 
these interactions in causing disease. A recombinant inbred wheat population was developed that 
segregates for the NE sensitivity genes Snn1, Snn3-B1, and Tsn1, which recognize the NEs SnTox1, 
SnTox3, and SnToxA, respectively. P. nodorum isolates that produce various combinations of the 
three NEs were used to quantify the level of disease explained by each interaction through spore 
inoculations and QTL analysis. When present, the Tsn1-SnToxA interaction accounted for 12-33% of 
the disease variation, and Snn3-B1-SnTox3 explained 17-25%. The Snn1-SnTox1 interaction explained as 
much as 31% of the variation, but the Snn3-B1-SnTox3 and Tsn1-SnToxA interactions were epistatic to 
the Snn1-SnTox1 interaction in some isolates as revealed through the analysis of knockout mutants. 
Currently, experiments to determine if NE expression is associated with disease susceptibility are 
being conducted. Results from this research will contribute to understanding this pathosystem and 
provide researchers with knowledge for reducing losses to SNB. 

 
Effect of fungicide application timing on Fusarium head blight in durum 
wheat 
 
G. Singh1*, G. Hnatowich2, J. Weber3, G. Issah3, W. May4 AND H.R. Kutcher1 
1Crop Development Centre/Department of Plant Sciences, University of Saskatchewan,  
Saskatoon, SK, Canada. 
2Irrigation Crop Diversification Corporation (ICDC), Box 609, Outlook, SK S0L 2N0, Canada. 
3Western Applied Research Corporation (WARC), Box 89, Scott, SK S0K 4A0, Canada. 
4Agriculture and Agri-Food Canada, Research Farm - Indian Head, Box 760, SK S0G 2K0, Canada 
*Correspondence: Gursahib.singh@usask.ca 
 
Fusarium head blight (FHB) is one of the most important diseases of wheat in Canada. Presently 
farmers rely on the current recommendation to apply fungicide at 50% anthesis (BBCH 65) to 
manage the disease. Field experiments were conducted at Saskatoon, Indian Head, Scott and 
Outlook in 2016 to assess the effect of fungicide application timing and seeding rates on durum 
wheat affected by FHB. Seven treatments of metconazole fungicide ‘Caramba®’ were applied to 
two seeding rate treatments: 400 seeds/m2 and 75 seeds/m2. The fungicide treatments consisted of 
an untreated check (no fungicide), a treated check (fungicide application at all stages), and 
applications at: BBCH 59 (heading), BBCH 61 (early anthesis), BBCH 65 (50% anthesis), BBCH 69 (late 
anthesis) and a treatment with two applications: BBCH 61 followed by BBCH 73 (soft dough). 
Evaluated parameters were: FHB index (IND), yield and percentage of fusarium damaged kernels 
(FDK). Seeding rate had an effect on all parameters except FDK. Higher seeding rate had higher IND 
and yield as compared to lower seeding rate. All fungicide application treatments led to lower IND 
and FDK than the untreated check; however, relative to the treated check, the BBCH 61 treatment 
had the lowest IND. The treatment with two fungicide applications had the lowest FDK; however, 
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the BBCH 65 treatment had the greatest yield. These are preliminary results from year one of a 
multiple site-year study. 

 
RNA-seq analysis of response to clubroot pathogen infection in Arabidopsis 
shoot and root 
 
S. Irani1, N. Nagabhushana1, J. Tu1, B. Trost2, M. Waldner2, T.J. Kusalik2, C.D. Todd1, Y. Wei1, 
P.C. Bonham-Smith1* 
1Department of Biology, University of Saskatchewan, Saskatoon 
2Department of Computer Science, University of Saskatchewan, Saskatoon 
*Correspondence: peta.bonhams@usask.ca     
 
Clubroot is an important disease that infects the Brassicaceae. The disease is caused by the obligate 
parasite Plasmodiophora brassicae. As a soil-borne pathogen, P. brassicae induces generation of 
abnormal tissue in the root, resulting in the formation of galls. Following root infection, uptake of 
water and nutrients in host plants is negatively affected and plant growth and productivity is 
severely reduced. Many studies on clubroot were emphasized on the molecular and physiological 
effects of the pathogen on root tissues or hormonal changes during clubroot infection. The aim of 
present study is to better understand the molecular effect of pathogen on both shoot (source) and 
root (sink) parts of the infected plant. Therefore, we performed RNA sequencing analysis on samples 
from three specific time points following infection of Arabidopsis thaliana, a model plant and a host 
for the pathogen. Differentially expressed genes were mapped to pathways, resulting in 
identification of pathways with highly up or down- regulated genes in Arabidopsis following 
infection. In addition, analysis of the RNA-seq data with MapMan software enabled an overall 
metabolic view of the transcriptome data. We identified changes in gene expression related to 
metabolisms of secondary metabolites and hormones in infected plants compared to uninfected 
controls. Overall, the data obtained in this study will be useful in understanding the molecular 
mechanism of plant responses to clubroot infection.  

 
Rust resistance in the Guatemalan climbing bean germplasm collection 
 
Montejo, Luz de María1., J.M. Osorno1, P. McClean1, J. Steadman2 and J.C. Villatoro3 

1Dept. of Plant Sciences, North Dakota State University  
2Dept. of Plant Pathology, University of Nebraska, Lincoln and  
3Agricultural Institute of Science and Technology of Guatemala 
*Correspondence: luzdemaria.montejodo@ndsu.edu  
 
Common bean (Phaseolus vulgaris L.)  is the main source of quality protein, fiber, and iron for 
Guatemalan's poorest households, where per capita consumption is approximately 13.6 kg per year. 
However, bean productivity is affected by abiotic and biotic stresses. One biotic factor is bean rust 
(Uromyces appendiculatus) (Pers) Unger which can cause up to 100% yield losses. In addition, it is 
problematic due to its abundant genetic diversity for virulence; more than 24 (Ur) rust resistance 
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genes have been formally named in common bean so far. There is limited information about bean 
rust virulence in many locations of Guatemala, especially at mid-altitude highlands, where climbing 
beans are mostly cultivated. Climbing beans have received less attention and breeding efforts 
compared to bush types, but can be a potential source of resistance. The main objectives of this 
projects are: 1) To identify the race diversity of bean rust from the Western Highlands in Guatemala; 
2) to evaluate disease reaction of the climbing bean in Guatemalan germplasm to rust races from 
Guatemala and North Dakota (USA); 3) to identify genomic regions associated with rust resistance 
and 4) to identify reliable molecular markers that could be used in Markers Assisted Selection (MAS). 
A recent study conducted at this region found six different virulent patterns across 12 locations 
showing the high rust diversity in Guatemala. During the 2015 growing season, 23 bean rust samples 
were collected from 11 locations across three departments in the Western Highlands. Pathogen 
characterization was performed by single pustule inoculation on a set of 12 differential lines and two 
races were identified: 63-1 and 31-1.  These two races from Guatemala and race 20-3 from North 
Dakota were used to evaluate the climbing bean germplasm. Disease reaction of each plant were 
recorded 10-14 days after inoculation using the 1 to 6 scale. Significant differences (P<0.001) were 
detected for the disease reactions of the 372 climbing bean genotypes to the three bean rust races.  
Genome Wide Association Studies (GWAS) are under analysis by using 78,754 SNP markers. 

 
Identification of leaf rust resistance genes in a durum wheat population  
 
Xiangyu Pei12*, Brent D. McCallum1, Colin W. Hiebert1, Curt A. McCartney1, Anita Brûlé-
Babel2, Dana F. Schroeder3  
1Cereal Research Centre, Agriculture and Agri-Food Canada, 101 Route 100, Morden, MB R6M 1Y5, 
Canada  
2Department of Plant Science, University of Manitoba, 66 Dafoe Road, Winnipeg, MB R3T 2N2, 
Canada  
3Department of Biological Sciences, University of Manitoba, Winnipeg, MB R3T 2N2, Canada  
*Correspondence: peix@myumanitoba.ca or bruce.pei@canada.ca  
 
Leaf rust, caused by Puccinia triticina Eriks. (Pt), is an economically important disease of wheat 
worldwide. Deploying wheat cultivars with effective leaf rust resistance (Lr) genes is an efficient 
method for disease management. The genetic basis of leaf rust resistance was studied a doubled 
haploid (DH) population of the cross Strongfield/Blackbird. Strongfield is the major durum wheat 
variety (Tritucum turgidum var. durum L.; genome AABB) in Canada and it was developed from the 
Agriculture and Agri-Food Canada, Swift Current, Saskatchewan, which was highly resistant to Pt in 
Canada. Blackbird (Triticum carthlicum; genome AABB) is susceptible to Pt at the seedling stage but 
may possess adult plant resistance to leaf rust. Two leaf rust resistance genes were identified in the 
Strongfield/Blackbird DH population based upon seedling inoculation data and 90K wheat Infinium 
SNP genotype results. Preliminary analyses of field data indicate that four genes segregate for adult 
plant resistance in the Blackbird/Strongfield DH population. Specific KASP markers will be designed 
for markerassisted selection. This project is continuing so that more details will come soon. 
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QTL mapping of Fusarium head blight resistance in a winter wheat doubled 
haploid population 
 
Yang Lin1, Anita Brûlé-Babel1, Curt McCartney2, Michele Loewen3, Kerry Boyle3 and  
Gavin Humphreys4 
1Department of Plant Science, Faculty of Agricultural and Food Sciences, University of Manitoba, 66 
Dafoe Road, Winnipeg, MB, Canada, R3T 2N2 

2Morden Research and Development Centre, Agriculture and Agri-Food Canada, 101 Route 100, 
Morden, MB, Canada, R6M 1Y5 
3National Research Council of Canada, 110 Gymnasium Place, Saskatoon, SK, Canada S7N 0W9 
4Ottawa Research and Development Centre, Agriculture and Agri-Food Canada, 960 Carling Ave, 
Ottawa, ON, Canada, K1A 0C6 
*Correspondence: liny3457@myumanitoba.ca 
 
In Canada, Fusarium graminearum is the primary causal agent of Fusarium head blight (FHB) in wheat, 
resulting in yield and end-use quality losses. Resistance to FHB is complex and often involves multiple 
genes with relatively small effects. As a result, the breeding strategy is to combine different types of 
FHB resistance into a single genotype. The breeding line 32C*17 showed strong FHB resistance under 
severe disease pressure in both Canada and Germany. One hundred doubled haploid lines were 
made from a cross between 32C*17 and an intermediate variety (Peregrine). The 90K wheat Illumina 
Infinium iSelect single nucleotide polymorphism array was used to genotype this population. 
Replicated field trials inoculated with a F. graminearum macroconidial suspension were conducted at 
two locations in 2015 and three locations in 2016. Dual floret inoculations were performed in the 
greenhouse in a replicated trial. Inoculum used in all trials was a mixture of two isolates of 3-
Acetyldeoxynivalenol chemotype producers and two isolates of 15-Acetyldeoxynivalenol chemotype 
producers. Plant height, disease incidence, disease severity and FHB Index were measured in the FHB 
field nurseries. Fusarium damaged kernels and deoxynivalenol (DON) contents were determined 
from field nursery harvested grain samples. Greenhouse disease severity data was also estimated. 
Transgressive segregation was observed for all FHB measured traits. Multiple quantitative trait loci 
(QTLs) were detected. Further characterization of FHB resistance in this population is ongoing. 

 
Identification of new sources of resistance to anthracnose in climbing bean 
germplasm from Guatemala 
 
C.R. Maldonado-Mota1, 2*, J.C. Villatoro-Merida2, P.E. McLean1, J.M. Osorno1 

1Department of Plant Sciences, North Dakota State University, Fargo, ND. 
2Instituto de Ciencia y Tecnología Agrícolas (ICTA), Guatemala. 
* Correspondence: carlos.maldonadomota@ndsu.edu  

 
Common bean (Phaseolus vulgaris L.) is the most important food legume consumed in the world. 
Breeding programs use germplasm to improve disease resistance and other traits of economic 
importance. Anthracnose Colletotrichum lindemuthianum (Sacc. & Magn.) Scrib is a fungal disease 
that affects dry bean in temperate, subtropical, and tropical zones. Seed yield loses sometimes reach 
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100% when the seed is infected and conditions favor disease development.  The breeding program of 
ICTA (Institute of Agricultural Science and Technology) Guatemala has a valuable germplasm 
collection of climbing beans from the highland regions. Climbing beans in Guatemala are relevant 
because they represent the main source of protein in the diet of the habitants of this region. This 
crop also has socioeconomic importance and is considered a basic grain with an annual per capita 
consumption of 8.3kg. There are some field data related to anthracnose resistance based on natural 
pressure, but there has not been a systematic effort to identify the predominant races and the 
potential genes conferring anthracnose resistance within the germplasm. Therefore, new sources of 
resistance need to be identified to be used by bean breeding programs not only in Guatemala but 
elsewhere. In this research, resistance to anthracnose for race 73 from North Dakota have been 
detected. 10% of 369 climbing beans accessions showed complete resistance to this race. In addition, 
an effort to map genomic regions associated with anthracnose resistance have been done using a 
Genome Wide Association Study (GWAS) approach. Resistance found will be useful in breeding 
programs to enhance resistance in existent cultivars. 

 
Genome-Wide Analysis and Expression Profiling of NBS-LRR Genes in 
Chickpea Against Ascochyta rabiei  
  
M.S. Sagi1*, A.A. Deokar1., and B. Tar’an1  
1Department of Plant Science, University of Saskatchewan, Saskatoon, SK. 
*Correspondence: mandeep.sagi@usask.ca  
  
Plant disease resistance genes are key components of genetic interactions between plant and fungal 
pathogen and among them a sub-class; Nucleotide binding site and leucine rich repeat (NBS-LRR) is 
the most common domain involved in governing resistance against a wide range of pathogens. This 
study tested the hypothesis that NBS-LRR genes are involved in governing resistance to ascochyta 
blight in chickpea. Genome-wide analysis identified 121 NBS-LRR genes in the chickpea genome that 
comprises of 0.4 % of total annotated genes. The NBS-LRR genes are not evenly distributed across 
the chickpea genome and inclined to form clusters. Chromosome 5 has the highest number of the 
NBS-LRR genes (27% of mapped genes) while chromosome 8 has the lowest number of NBS-LRR 
genes (4%). A total of 26 NBS-LRR genes were co-localized with the previously reported QTLs for 
ascochyta blight resistance. Real-time PCR was used to measure relative expression of these 26 
genes in three chickpea cultivars (two resistant and one susceptible) at different time points (12, 24, 
48 and 72 hours) after inoculation with isolate AR170-3. Differential expression as early as 12 h post 
inoculation between the moderately resistant cultivars (CDC Luna, CDC Corinne) and the susceptible 
(ICCV 96029) cultivars was observed. Differential expression observed among the resistant cultivars 
(CDC Luna and CDC Corinne) at different time points indicating the potential of these cultivars as 
different sources of resistance. Further efforts to examine the association between NBS-LRR genes 
with reaction to ascochyta blight infection were done using four recombinant inbred line (RIL) 
populations derived from crosses between resistant by susceptible and resistant by resistant 
genotypes under field and greenhouse conditions. 
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Research Proposals 

Effects of Oat Starch on Oat Quality 
 
B. Stebbins1* and S. Simsek1 

1Plant Sciences Department, North Dakota State University, Fargo, ND, USA 
*Correspondence: bethany.stebbins@ndsu.edu  
 
Oat flake quality is a main determinant in consumer preference.  This study seeks to identify how the 
starch composition of oats affects the quality of rolled oat flakes. This will be done by first obtaining 
oats of various cultivars grown in different regions. The oats will be dehulled and ground to perform 
RVA and total starch analysis. Additionally, electron microscopy will be performed to visually inspect 
starch granules. Whole groats will then be steamed, kilned dried, and rolled mirroring industrial 
processes. The resulting flakes will be analyzed for size, thickness, water absorption, and pasting 
properties. Statistical analysis will then be performed to determine if total starch or unprocessed oat 
flour RVA are correlated with flake quality. 

 
Nutritional profiling of pea seeds by X-ray fluorescence spectroscopy 
 
R. Bamrah1, P. Vijayan1, D. Muir2, C. Karunakaran2, and T.D. Warkentin1 

1Dept. of Plant Sciences, University of Saskatchewan, 2Canadian Light Source Inc., Saskatoon, 
Saskatchewan, Canada 
*Correspondence:	rkb778@mail.usask.ca  
 
Breeding pulse crops with enhanced nutritional profile is important for marketing premium quality 
grain, processed foods. Current methods for quantifying minerals are time consuming, expensive 
and relatively low throughput. We are developing a standard protocol for rapid analysis of minerals 
including Fe, Zn, K, and Se in pea seed flour using synchrotron-based X-ray fluorescence 
spectroscopy in collaboration with the Canadian Light Source, Saskatoon, Canada. A wide diversity of 
pea genotypes has been analyzed with X-ray fluorescence spectroscopy and results will be compared 
with the Atomic Absorption Spectroscopy method, which is currently the standard method for 
mineral analysis. When fully developed and adapted, we expect this X-ray spectroscopic method to 
enable routine nutritional phenotyping of pea seed samples, fractions, as well as other grain crops.  

 
Increasing genetic diversity in Camelina sativa using interspecific 
hybridization 
 

R. Chaudhary1*, K.E. Bett1 and I.A.P. Parkin2 

1Crop Development Centre/Department of Plant Science, University of Saskatchewan, Saskatoon, SK 
Canada 
2Agriculture and Agri-Food Canada, Saskatoon, SK Canada 
*Correspondence: raju.chaudhary@usask.ca  
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Camelina sativa is an industrial oilseed crop from the family Brassicaceae. It is an ancient crop gaining 
prominence as a next generation biofuel. It is well suited to growth on the Canadian prairies with 
good germination capacity at low temperature. The crop is primarily self-pollinated in nature with 
low rates of out-crossing. Furthermore, it is a short duration crop and is resistant to a number of 
common pathogens and pests that commonly affect Brassicaceae species. Despite these benefits, 
there is interest in improving seed size, stand establishment and overall yield. However, Camelina 
breeding is handicapped by low levels of genetic diversity in available germplasm and further 
breeding could include identification of novel sources of allelic variations in wild relatives  and 
interspecific hybridization to increase diversity. A low level of genetic differentiation has been 
reported between the subgenomes of C. sativa; yet, there has been no report of introgression 
between these subgenomes. Similarly, there are reports of possibilities for wide hybridization in 
Camelina but it will be interesting to see how the chromosomes behave upon hybridization among 
the related species. The genome sequence of C. sativa is now available, which will provide an 
opportunity to apply techniques such as genotyping by sequencing to this crop, a highly useful tool 
for determining the genetic makeup of plants and developing markers associated with traits.  
The project will define the level of variation among C. sativa and related species using modern marker 
techniques, and will utilize standard intraspecific crosses to introduce novel allelic variation into 
current C. sativa breeding lines. 
 
Objectives 

• Elucidate the degree of relatedness among C. sativa accessions and related species through 
genotyping by sequencing 

• Develop Camelina populations through intra and interspecific crosses 
• Genetic analysis of developed populations 

 
Root-lesion Nematode and Its Impact on Wheat Production 
 
KC Ashmit1 and Dr. Guiping Yan1 
1North Dakota State University, Fargo, ND, USA 
*Correspondence: ashmit.kc@ndsu.edu  
 

Root-lesion nematodes (RLN) are migratory root endoparasites, capable of affecting many monocot 
and dicot plant species. They reduce the number of root hairs and branches, degrade the root 
cortex, reduce plant vigor, reduce water and nutrient uptake, and even reduce grain yield and test 
weight. Many RLN complete their lifecycle in about 45-65 days. They usually reduce yield of wheat 
without causing visual symptoms. RLN associated with wheat are not restricted by soil type. Eight 
species in the genus Pratylenchus are considered parasitic to wheat. Among them, Pratylenchus 
neglectus and P. thornei are often attributed to yield loss in wheat. P. thornei has been reported to 
reduce the yield by 85% in Australia, 70% in Israel, 50% in the US, and 37% in Mexico whereas P. 
negelctus has been reported to cause yield loss by 37% in the US. These two species were estimated 
to reduce farm profitability by approximately $51 million annually in three Pacific Northwest states. 
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The use of resistant and tolerant cultivars is considered to be the best approach for managing RLN. 
The importance of RLN on wheat production in the PNW was demonstrated a decade ago but no 
such study was carried out in ND. In 2014 and 2015, nematode surveys in Nelson and Walsh counties, 
ND led to detection of the root-lesion nematode Pratylenchus negelctus on wheat for the first time. 
To identify wheat cultivars with resistance to P. neglectus, 20 hard red spring wheat and durum 
wheat cultivars in ND were screened for resistance to P. neglectus. Two resistant checks and two 
susceptible checks from Oregon were included for comparison. Reproduction factors (RF) were 
determined by measuring the final and initial nematode populations. The cultivars evaluated showed 
a range of reactions with RF ranging from 0.5 to 5.4. The experiment is being repeated with the same 
seed lots. Qualitative classification of resistant, moderately resistant, moderately susceptible and 
susceptible will be assigned to each cultivar based on data from two repetitions. This study can assist 
farmers to select the resistant wheat cultivars to optimize the yield and protect their wheat crop 
from yield loss in infested fields. 

 
Cultivation Effect on Residual Sugarbeet Herbicides Applied Early 
Postemergence 
 
Nathan Haugrud1 and Dr. Tom Peters1 

1Department of Plant Sciences, North Dakota State University, Fargo, North Dakota 58102, USA 
*Correspondence: nathan.haugrud@ndsu.edu  
 
The task of weed control has become progressively more difficult for sugarbeet producers in the last 
decade. As the problem of herbicide resistance advances across the northern Great Plains, 
widespread glyphosate resistance has dramatically increased the use of soil residual herbicides, 
particularly chemistries from SOA 15 (VLCFA inhibitors). A soil residual herbicide is applied post-
emergence to crop, pre-emergence to target weeds (lay-by) and provides extended control of 
germinating weeds, especially waterhemp. While soil residual herbicides are an effective supplement 
to glyphosate applied post emergence, their efficacy is influenced by timely precipitation for 
herbicide activation. Producers have resorted to using “dated” methods such as mechanical 
cultivation or hand-weeding to control troublesome weeds in the case of poor herbicide efficacy. 
Very little research has been done on row-crop cultivation in sugarbeet since the approval of 
RoundUp Ready Sugarbeet in 2007, let alone its effect on the activation of herbicides. The purpose 
of this experiment is to develop an integrated weed management approach that combines 
mechanical cultivation with use of soil residual herbicides. Objective of this experiment is to evaluate 
the effect of row-crop cultivation on the activation of the residual herbicides, S-metolachlor, 
dimethenamid-P, acetochlor, trifluralin, and cycloate. Experiment shall be a split-block design with six 
replications. Treatment factors shall be cultivation and herbicide. Experiment will be planted at 
multiple locations representing the sugarbeet growing region in MN and ND. Soil residual herbicide 
will be applied at the sugarbeet V4 stage followed by a cultivator pass. Visual percent weed control, 
weed counts per plot, and leaf area index of non-cropping area will be measured 14 and 28 days after 
cultivation. Data will be analyzed using the GLM procedure in SAS. 
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Characterization of Cruciferin and Napin Proteins in a Brassica napus Nested 
Association Mapping Population 
 
A. Ammeter1*, S. Vail2, I. Parkin2, J. Wanasundara2, R. W. Duncan1 

1Department of Plant Science, University of Manitoba, Winnipeg, MB, Canada 
2Agriculture and Agri-Food Canada, Saskatoon, SK, Canada 
*Correspondence: ammetera@myumanitoba.ca  
 
With an annual economic impact of $19.3 billion to the Canadian economy, canola (Brassica napus L.) 
is a highly valuable field crop. Currently, most B. napus is grown for oil production while the residual 
protein-rich meal is used as livestock feed. However, with up to 50 % protein by dry basis, the meal is 
also a promising source of protein for human consumption. As such, this project aims to improve the 
understanding of the genetic control of two major B. napus storage proteins, cruciferin (12S) and 
napin (2S). Making up 60-65 % and 20-25 % of the total protein content of mature seeds respectively, 
cruciferin and napin each contribute different functional properties. Thus, it is valuable to examine 
the genetic control of cruciferin and napin quantity independently. First, the impact of the genotype 
by environment interaction on cruciferin and napin content will be characterized. By comparing the 
changes in these traits between locations and years, it will be possible to ascertain the extent of the 
genetic and environmental impact on these traits. Next, the effect of heterosis on cruciferin and 
napin content will be elucidated. This phenomenon will be studied by comparing the variation in 
cruciferin and napin content between hybrids and their parents. Finally, a near-infrared reflectance 
spectroscopy (NIRS) model will be developed through which cruciferin and napin content may be 
inferred. The ability to measure cruciferin and napin content in an efficient, non-destructive manner 
via NIRS would be invaluable. To date, breeding programs have focused on oil content, quality and 
reducing undesirable compounds in the meal. Thus, advancement in the understanding of the 
genetic control of protein-related traits, specifically cruciferin and napin in B. napus may provide the 
potential for highly specialized B. napus breeding efforts. 
 

Exploring the Relationship Between the Law of Constant Final Yield and Field 
Bean (Phaseolus vulgaris) Production in Manitoba 
 

L. Koroscil1 and R. Gulden1  
1Department of Plant Sciences, University of Manitoba, Winnipeg, Manitoba, Canada 
*Correspondence: korosci3@myumanitoba.ca  
 
Research has shown that row spacing and plant density have positive influences on weed control 
and management, yet local and current research is scarce or outdated. As one of the provinces with 
the most field bean (Phaseolus vulgaris) acreage across the country, Manitoba would benefit from 
recent and relevant local research to optimize yields and control weed populations using plant 
spatial arrangement and weed management techniques. The Law of Constant Final Yield states that 
plant biomass increases in proportion to plant density, then plateaus and remains constant after a 
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certain density. Recent research in field beans by Laura Schmidt (unpublished) has shown that as 
planting row width decreases, the field bean yield-density relationship increasingly does not conform 
to the Law of Constant Final Yield. The objectives of this research are to explore the underlying 
reasons behind these observations. 
 
Genome wide association study (GWAS) of micronutrient concentration in 
field pea (Pisum sativum L.)  
 
Dissanayaka D.M.D.N.1, Jha A.B.1, Warkentin T.D.1 

1Department of Plant Sciences, University of Saskatchewan, Saskatoon, SK 
*Correspondence: tom.warkentin@usask.ca  
 
Iron (Fe), Zinc (Zn) and Selenium (Se) are among the twenty essential nutrients which comprise the 
basis of all human nutrition. A large proportion of the world’s population suffers from mineral 
malnutrition, especially from Fe and Zn, as they are dependent on plant based foods which often 
have low mineral density. Among the various strategies to combat micronutrient malnutrition, 
biofortification is a balanced and economical approach. Field pea (Pisum sativum L.) is one of the 
major pulse crops in the world where Canada is the major producer. Previous studies at the 
University of Saskatchewan indicated substantial variation in micronutrient concentration in pulse 
crop varieties including field pea. In this study, a diverse collection of pea varieties will be assessed 
for Fe, Zn and Se concentration using atomic absorption spectroscopy. Phenotypic data will be 
associated with genotypic data generated from genotyping-bysequencing and GoldenGate assay 
using genome wide association study (GWAS). Significant SNPs, if any, associated with Fe, Zn, and Se 
concentration will be identified. 

 
Genetics of Wheat Domestication 
 
S. Sharma1*, J.D. Faris2 and Z. Zhang2 
1Department of Plant Sciences, North Dakota State University, Fargo, North Dakota 58102, USA 
2Northern Crop Science Laboratory, United States Department of Agriculture-Agricultural Research 
Service, Fargo, North Dakota 58102, USA 
Correspondence: sapna.sharma@ndsu.edu 
 
Given the importance of wheat to humankind, understanding its origin and evolution remains of the 
utmost concern. Several critical mutations occured in wheat that enabled gatherers to easily collect 
and separate seeds from kernels and marked the era of domestication. These mutations caused the 
softening of glumes, reduction of ear length, more spikelets per ear, toughess of rachis, and larger 
and free-threshing seeds. The genes known as Q and Tg (tenacious glume) are known to be 
responsible for the free-threshing character of modern domesticated wheat. However, one 
subspecies of hexaploid wheat, Triticum aestivum ssp. spelta Iranian type, has tough glumes and non-
free-threshing seed, but has been shown to carry the free-threshing Q allele. The gene(s) present in 
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Iranian spelta that suppress the free threshing character are unknown. Therefore, the dissection of 
the genetics controlling the non-free-threshing character in Iranian spelta will be one of the targets 
of the proposed research. The Q gene has been cloned, and sequence analysis to date has indicated 
that there are two single nucleotide polymorphisms (SNPs) that differentiate the free-threshing Q 
allele from the non-free-threshing and more primitive q allele. However, it is yet unknown if both 
SNPs are necessary for governing Q function. The second objective will be to evaluate the sequences 
of Q/q alleles from a large number of primitive and early cultivated wheats to determine the 
frequency at which the two SNPs occur, and if alleles with only one or the other SNP exist. Findings 
from this research will further our understanding of the regulatory and functional nature of genes 
governing the critical threshability trait in wheat. This will aid in developing further improvements in 
the crop to help meet the demands of the growing global population. 

 
Waterlogging tolerance in wild accessions of common bean (Phaseolus vulgaris L.) 
and related species 
 
C.F. Velasquez1* 

1Dry Edible Bean Breeding/Department of plant sciences, North Dakota State University, Fargo, ND United States 
of America 
*Correspondence: carlos.velasquez@ndsu.edu 
 
Climate change affects high crop production around the world, especially drastic changes in 
temperature and water availability. Most studies have focused on the negative effects of drought 
and heat effects on crop production. However, little thought has been given to the opposite side of 
climate change, the excess of water and rainfall, and few efforts have been made to understand how 
crops can cope with saturated soil conditions. Legumes, especially common bean, are classified as 
extremely sensitive crops to waterlogging, especially during young development stage. North 
Dakota is the top producer of dry bean in the U.S.; however, production is often affected by excess 
of water, especially during the spring season when seed germination and seedling establishment 
occurs. Excess water also affects the development and maturity of common bean, thus resulting in 
severe economic and seed yield losses. Testing wild accessions of common bean under waterlogging 
condition in the greenhouse, is important to identify sources of tolerance and understand the 
morph/physiological mechanisms that common bean can use to cope with this abiotic stress and to 
detect potential accessions tolerant to waterlogging conditions, and thus continue with the 
development of lines that can combine waterlogging tolerance with other characteristics of 
agronomic importance as seed yield, and thus contribute to cope this problem. 

 
Nutrient credits from cover crops in no-tillage system in the Northern Great 
Plains 

S. Cabello-Leiva1, M. Berti1 

1Forage & Biomass Crop Production Program, Department of Plant Sciences, North Dakota State 
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University, ND USA. 
*Correspondence: sergiofabian.cabello@ndsu.edu  

Conventional tillage is a practice commonly used by farmers who grow wheat (Triticum aestivum L.) 
and corn (Zea mays L.) in the Red River Valley of the North. Conventional tillage leaves the soil 
without protection to the elements during the winter season. Lack of winter soil cover decreases soil 
organic matter and increases nutrient losses by wind erosion, resulting in decreased crop 
productivity in the cropping system, which is an ongoing issue as farmers do not consider wind 
erosion a current problem. This is also a problem since large amounts of agricultural inputs are 
required for maintaining yields, with continuous rises in input costs. The use of cover crops and no-
tillage systems maintain and increase the long-term productivity of current cropping systems in the 
northern Great Plains. Cover crops reduce soil erosion, playing an important role against wind 
erosion, and improve chemical and physical soil properties. The objective of this this study is to 
determine the nutrient credits, physical soil properties change, and soil erosion reduction provided 
by several cover crops and cover crops mixtures established after wheat and their impact on grain 
yield, economics and the environment.  

 
Genetic and transcriptomic analysis for pre-harvest sprouting resistance in a 
mapping population of wheat 

 

M M Uzzal Ahmed Liton1 and Belay T. Ayele1 

1Department of Plant Science, University of Manitoba, Winnipeg, MB, R3T 2N2 
*Correspondence: litommua@myumanitoba.ca  
 

Wheat is the most important cultivated cereal within Canada and second most-produced cereal in 
the world. More than 40% of the world’s population use wheat as their staple food and it provides 
more than 20% of calories and proteins for human. The production of wheat is affected by different 
biotic and abiotic factors that influence the quality of end product. Pre-harvest sprouting (PHS) 
causes significant variation in grain yield and quality during harvest season. PHS resistance is a 
complex trait which is governed by different genotypic and physiological factors. Seed dormancy is 
considered as amajor factor for resistance to PHS. Sprouting of seed during the harvest season can 
be reduced by adequate seed dormancy. This dormancy breaks down during seed storage so that 
seeds germinate uniformly during the planting time. In addition, several morphological factors can 
contribute to PHS resistance in field condition such as the structure and erectness of spike, openness 
of florets and tenacity of glumes. The degree to which these factors contributing the levels of 
resistance to sprouting remains unknown in wheat. Despite this morphological factors involved in 
PHS resistance process, genetic mechanism underlying seed dormancy is needed to study 
extensively. The double haploid population derived from a cross RL4137/Roblin’ will be used in this 
project. The project aims to identify QTL regions and candidate genes for PHS resistance in wheat. 
The QTL analysis will be combined with large scale gene expression analysis to identify putative 
candidate genes and pathways involved in PHS.  
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Introgression of Blackleg resistant gene from Hexaploid lines and B. juncea to 
B. napus and mapping of R- gene in B. napus 
 
Shah K. P.1 and Genyi Li1   
1Faculty of Agricultural and Food Sciences, Department of Plant Sciences, University of Manitoba, 222 
Agriculture Building, Winnipeg, MB R3T 2N2, Canada 
Email: Shahk34@myumanitoba.ca  
 
Blackleg disease (stem canker) caused by Leptosphaeria maculans (DEsm.) Ces & DE Not is one of the 
major constraints to canola (Brassica napus L.) production worldwide. Infection by the fungus can 
cause more than 50% yield losses in canola. In general, various control measures such as cultural 
practices (crop rotations), seed treatment and fungicide applications and genetic resistance are 
available for the blackleg disease. Genetic resistance is a primary method to control blackleg, and a 
high level of resistance can be introduced from Brassica species containing the B-genome through 
interspecific hybridization. Many studies have shown that the high level of blackleg resistance exists 
in Brassica species containing the B-genome, B. nigra (BB), B. juncea (AABB) and B. carinata. Yet, no R-
gene from the B genome has been cloned. Since the high frequency of two Avr-genes, 
AvrLm5/AvrLmJ1 and AvrLm6 has appeared to be in Canadian canola fields, developing new blackleg 
resistant canola lines carrying the corresponding R genes such Rlm5 and Rlm6 that are previously 
mapped in B. juncea would be an important strategy for canola breeders. To introduce blackleg 
resistance from the Brassica B-genome into canola, interspecific hybridization is sometimes used as a 
conventional breeding method. Hexaploid Brassica (AABBCC) lines synthesized from the crosses 
between B. rapa and B. carinata can be used in the interspecific hybridization with B. napus. To date, 
no reports on blackleg resistance in hexaploid Brassica lines have been published. The main 
objectives of this study are (I) introgression of blackleg resistance gene from hexaploid brassica lines 
and B. juncea to B. napus (II) mapping of resistant genes in introgression lines of B. napus using a 
genotyping by sequencing (GBS) approach and (III) identifying resistant gene candidates in 
introgression line with RNA sequencing. 
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The Department of Plant Sciences along with the fully integrated Crop Development Centre (CDC), 
provide a truly unique experience to students by offering teaching and research programs focusing 
on the physiology, development management and production of field and horticultural crops on the 
Canadian prairies and the management of non-arable lands. 

We are the only plant sciences department in Canada capable of offering such a diverse experience 
in plant studies. Our close cooperation between the department and other research institutions on 
campus, such as the Plant Biotechnology Institute of the National Research Council, the Agriculture 
and Agri-food Canada Research Station, the Protein, Oil and Starch (POS) Pilot Plant and the 
Canadian Light Source allows graduate students to participate in interdisciplinary research. 

 

 

 

Saskatchewan Pulse Growers is a pulse crop development board that is accountable to and funded 
by growers. Our mission is to provide leadership and create opportunities for profitable growth for 
the Saskatchewan pulse industry. Our vision is to nourish the world with profitable pulse production. 
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CropLife Canada represents the Canadian manufacturers, developers and distributors of pest control 
and modern plant breeding products. 

Although many aspects of the plant science industry have evolved since our organization was first 
established in 1952, our main purpose remains the same — to advance the collective interests of the 
agricultural industry in Canada. 

With pesticides and modern plant breeding, the plant science industry makes significant social, 
economic and environmental contributions. Our organization’s primary focus is on providing tools to 
help farmers be more productive and more sustainable, but we also develop products for use in a 
wide range of non-agricultural settings, including urban green spaces, public health settings and 
transportation corridors. 

Our primary goals include: 

• Increasing awareness, understanding and acceptance of the benefits, safety and 
sustainability of plant science innovations 

• Securing legislation, regulation and policy that ensure product safety, and encourage 
industry innovation and sound science 

• Being world-leaders in lifecycle stewardship of plant science innovations 
• Forging and leading alliances with stakeholder groups to help achieve the industry’s vision 

and sound public policy 
CropLife Canada is part of the CropLife International consortium, a global federation with members 
across 91 countries that champions agricultural innovations in crop protection and plant 
biotechnology. 
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As a western Canadian seed company, CANTERRA SEEDS is committed to sourcing genetically 
superior seed products that deliver agronomic and economic benefits for producers, while meeting 
end-user needs. With a versatile portfolio of cereals, pulses and oilseeds, CANTERRA SEEDS seeks 
opportunities that allow for mutual success in the agriculture industry. They have also invested in a 
cereal breeding program, Limagrain Cereals Research Canada, that is based in Saskatoon, SK. 

 

 

 

 

 

The Prairie Oat Growers Association (POGA) was established to promote the interests of Western 
Canadian oat growers.  POGA is comprised of a voluntary board of directors from Alberta, Manitoba 
and Saskatchewan.  This board represents approximately 12,000 oat growers across Western 
Canada, and about 90% of the oats grown in Canada.  IN addition, Canada is the largest exporter of 
oats in the world. 

Each provincial commission collects a refundable levy of $0.50/tonne which is used to fund the 
activities of POGA which benefits all western Canadian oat growers.  POGA allocates its funding to 
research, market development, policy, building relationships with the industry and 
communication.  POGA has been able to leverage $2.4M in grower money into $13.3M of total 
funding, or producers pay about $0.18 of every dollar on marketing and research, allowing for 
significantly more research and market development for Canadian Oat growers. 
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Syngenta is a world-leading agribusiness committed to sustainable agriculture – farming with future 
generations in mind. With products in crop protection, seed care and seeds aimed at raising farm 
productivity, Syngenta is helping bring plant potential to life.  
With this, Syngenta Canada Inc. is committed to research and innovation within the agricultural 
industry. Syngenta support for the farming communities where our employees and customers live 
and work, are a driving force behind the Syngenta Giving Back to Agriculture® program. 
The Syngenta Giving Back to Agriculture program concentrates on the organizations that are central 
to Canadian agriculture, focused in the areas of Agricultural Science and Leadership; Agricultural 
Sustainability; Agricultural Stewardship; Hunger and Nutrition; and Rural Communities. 
Syngenta provides ongoing support for programs, such as Leadership At Its Best®, Grower 
University®, Food Banks Canada Rural Support program, University scholarships in sustainable 
agriculture, and biodiversity enhancement initiatives, which are helping build a healthy future for our 
rural communities. 
In 2005, Syngenta became a registered Caring Company with Imagine Canada, Canada’s champion 
for corporate social responsibility. By becoming a Caring Company, Syngenta has made a 
commitment to contribute to the vitality of Canadian charitable organizations and to our 
communities. 
Read more at www.syngenta.ca. 
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Plant Root Simulator (PRS®) Probes 
Sensitive tool for soil nutrient analysis 

• Ion exchange membranes 
• Simultaneously monitor 14 elements 
• In situ, low disturbance 
• Fertilizer recommendations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.westernag.ca/innov 
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The Alberta Wheat Commission is a producer-directed, producer-funded organization in place to 
increase the long-term profitability of the province’s 14,000+ wheat farmers. AWC carries out its 
mission through its program areas: our research program invests in strategic wheat research that 
ensures farmers have access to premium varieties and the best agronomic information possible to 
maximize crop performance. Our Markets Program helps build end-use demand and strengthens 
competitive advantage for Alberta’s wheat farmers. Through our Policy and Government Relations 
Program, AWC helps strengthen the producer voice on key policy issues both provincially and 
nationally. AWC’s Communications program is tasked with recognizing opportunities to share news 
about initiatives across our program areas and provide access to tools and events that support 
farmers. And our Extension and Education program provides access to tools and educational 
resources to help grow farmers’ bottom	lines.	

 

 

 

 
Top Crop Manager is the magazine of crop production and technology, addressing agronomic and 
industry-related topics with an eye on what is to come in the next one to three years.  
We offer insights and in-depth information on plant breeding, research and development, fertility 
and nutrients, the seed and chemical industries, farm equipment, trends and technologies, markets 
and business management issues. 
Our publication is also a trusted resource among government extension personnel, university 
researchers, certified crop advisors and industry stakeholders. 
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Novozymes is the world leader in biological solutions. Together with customers, partners and the 
global community, we improve industrial performance while preserving the planet’s resources and 
helping build better lives. As the world’s largest provider of enzyme and microbial technologies, our 
bioinnovation enables higher agricultural yields, low-temperature washing, energy-efficient 
production, renewable fuel and many other benefits that we rely on today and in the future. 

We call it Rethink Tomorrow. www.novozymes.com 

	

 
 
 
 
 
Bayer is a global Life Science organization focused in the fields of agriculture and health care. Its 
products and services are designed to benefit people and improve their quality of life. Bayer is 
committed to the principles of sustainable development and to its social and ethical responsibilities 
as a corporate citizen. In more than 120 countries around the world, Bayer’s Crop Science Division 
has over 19,000 people hard at work in the agricultural industry. Celebrating 150 years, we continue 
to focus on our vision – “Science for a Better Life.” 
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At the College of Agriculture and Bioresources, we are committed to responsibly caring for the 
environment while finding solutions to meet the demands of a hungry and growing world. 

We offer certificate, diploma, undergraduate and post-graduate degree training are available  

in a wide range of specializations.  

Our research and programs are focused in four theme areas:  

Plants and Animals  

Food, Feed and Bioproducts  

Soil, Environment and Ecology  

Agribusiness and Applied Economics  

In everything we do, the College of Agriculture and Bioresources maintains partnerships, not only 
across the network of bioresource industries that includes agriculture, forestry, recreation, and 
conservation, but also with government, and rural and Aboriginal communities. Our engagement is 
both local and international, with an increasing emphasis on the provision of a safe and nutritious 
food supply for a growing population. 

We are committed to providing an exceptional learning experience by inspiring students and 
preparing graduates for leadership in the bioeconomy. Our learning environment is continually 
enriched by the information flowing from our innovative research programs.  

With a century-long reputation for teaching, research and outreach, we continue to build on a legacy 
of public engagement and co-operative partnerships to help overcome challenges facing 
communities.  

www.agbio.usask.ca  
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Thanks to our Wonderful Team 

 


