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Canadian Prairie Salinity Map

 5-6 million ha saline areas
 20 million ha risk of salinization

Saline: soils 
contain sufficient 
water soluble salts 

BC ON



Foxtail barley 

Source: https://soilsofsask.ca/soil-survey-soil-characteristics/salinity-class.php

Weed source: 

Economic return



 >4 million ha in the Canadian Prairies 

 Genetically diverse

 Current cultivars for salt tolerance: 
• 50+ alfalfa cultivars (NAFA 2020)
• Fall dormancy categories >= 4
• Higher tolerant, adapted cultivars 

are needed

Alfalfa Genetic Improvement



• Germination/greenhouse study

• RNA-Seq study

• Breeding update

• Objectives
 Understand responses of different salt tolerant 

alfalfa cultivars  
 Identify associated traits and markers for plant 

selection



Five salinity levels
0 dS m-1

4 dS m-1

8 dS m-1

12 dS m-1

16 dS m-1

Germination study

Alfalfa cultivars
Halo (Tolerant)
Vernal (Intolerant)

 Cumulative seed germination
 Seed vigor =germination percentage ×seedling 

length /100 Salt: NaCl



Germination and seed vigor



Greenhouse study: Plant materials and salt treatment

Five salinity levels
0 dS m-1

4 dS m-1

8 dS m-1

12 dS m-1

16 dS m-1

Five alfalfa cultivars
Tolerant

Halo
Intolerant

Vernal

Hoagland 
solution 



Figure 1. Average plant height (cm) of alfalfa plants at different stages of 
growth under five gradient of salt stresses

Plant height
45cm

20cm

Observation in the greenhouse



Figure 2. Fresh and dry root and shoot biomass yield of five alfalfa varieties 
under four gradient of salt stress

Shoot Root

Biomass

After 4 dS/m, 
6% shoot yield 
reduction for each 
1dS/m increase Almost no 

survival at 
16dS/m



Cultivar Salt 
 

 
(dS m-1) Chlorine  

Halo 0 149±28  
12 9278±461 

Vernal 0 240±16  
12 11952±261 

 

Chlorine content in the leaves  (integrated 
absorption peak areas based on XRF 
spectroscopy )

Tolerant

Intolerant





RNA-Seq analysis

Clones:

Tissue:

Time:

Cultivars: Halo & Vernal

12ds/m salt stress
Leaf   root  

6 identical clones

Four biological replications



Alfalfa tissue 
samples (96)

RNA extraction

2 cDNA libraries

Sequencing
Illumina HiSeq v4

SENSE 
mRNA-Seq 

Library

Raw Reads

Clean Reads

Trimmomatic 0.36 

Alfalfa reference 
genome

Trinity
RSEM

DEGs and Functional 
annotation

Trinotate
edgeR

FDR <0.05 & log2 (fold change) >2 

RNA-Seq analysis

408 million

381,482,398

84.8% mapped  

Transcripts 436,358

DEG: 237 root
295 in leaf



Number of DEGs

Halo
Vernal

Leaf 

Root



Gene ID nr ID1 log2FC2 (Leaf) Putative function 

  
MS.gene07287 XP_003591401.1 8.8 11.2 10.5 calvin cycle protein CP12-2, ch   

  

0h           3h           27h

MS.gene058673 PNX87529.1 7.9 5.5 9.5 heavy-metal-associated domain-    
pratense] 

  

The genes were involved in transmembrane protein function, photosynthesis, carbohydrate  
metabolism, defense against oxidative damage, cell wall modification and protection against  
lipid peroxidation.  

Salt responsive candidate genes highly expressed in salt 
tolerance cultivar ‘ Halo’

Leaf
Root 

• Halo alfalfa: 15 in leaf and 18 in root



Breeding for salt tolerance (progress)
- Diverse genetic background - 5 cycles of selection (C1-

C5)  
- Winter hardiness
- Validate new selected genotypes using molecular 

markers 
- Test breeding lines in saline areas
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