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= New grass variety update

» Legume (alfalfa) breeding (salt-grazing)
= Future perspectives
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UofS Forage Breeding Program

Minor species
 Orchardgrass
« Tall fescue
 Timothy

Hybrid wheatgrass

Hybrid brome Meadow brome

Crested
wheatgrass

Globa curity



Species fit to the forage system

April May June July August September October

Hybrid brome

Meadow brome

_ Crested wheatgrass

Intermediate wheatgrass

Alfalfa

Sainfoin

Cicer milkvetch

Timothy — water logging tolerance, major hay for horses
Hybrid wheatgrass — salinity tolerance



Saskatoon grass breeding
= Hybrid brome - high fiber (NDF) digestibility
= Collaborative research with Dr. Greg Penner’s lab

NDFd — forage intake, total energy, high animal gain/milk
production

NDF is about 50-60% of forage dry matter

Forage yield +
regrowth 200 plants x 2 yrs . —
§> TSilet wrimilaeE E>}> samples >>> In situ NDF digestibility

Plant height
Disease rating High Low

NDF NDF
59624 S9625




59624 — high NDF digestibility

Table 1. Vigor score of hybrid brome breeding lines and cultivars in a spaced nursery in 2020 and 221 near
Clavet, SK.

Cultivar Spring vigor (1-5 scale) Hay vigor (1-5 scale)
2020 2021 2-yrmeans 2020 2021 2-yr means
AC Knowles 2.8b  2.9ab 2.8b 276 3.1b 2.9¢
AC Success 29b  2.6¢ 2.7b 3.0a  3.2ab 3.1b
S9624HB 2.7b  2.7bc 2.7b 29ab 3.0b 3.0bc
S9625HB 3.1a  3.0a 3.1a 3.1a  3.5a 3.3a
P value 0.01  0.007 <0.01 0.004 0.002 <0.001
SEM 0.11 0.1 0.08 0.09 0.12 0.09

Note: Each value represents means of 90 individual
plants



Table 2. Forage yield (kg/ha) of hybrid breeding lines selected for high and low NDF
digestibility in sward density trial near Clavet, SK

2020 DM Yield 2021 DM Yield
Cut Cut Yield Cut Cut Yield
: : Total % . Total %
Cultivar ~ Height 1 2 : Height 1 2 :
Yield of Yield of
/cm/  June Sep kolha  AC /fecm/  June (no kotha  AC
29 10 8 28 cut) 8
Success Success
AC Knowles 114 4634 287 5238 93 63 1727 - 1727 86
AC Success 115 5447 228 5630 100 65 2002 - 2002 100
S9624HB 116 5088 181 5291 94 61 1660 - 1660 83
S9625HB 116 5063 221 5269 04 65 1792 - 1792 90
P-value 096 0.61 035 0.69 - 0.82 062 - 0.62 -
SEM 251 337 539 365 - 3.23 173 - 173 -




Table 3. Nutritive value of hybrid breeding lines selected for high and low NDF digestibility at

early anthesis stage near Clavet, SK

2020 2021
Cultivar % % % %
70 NDF ADF Protein 7o NDF ADF Protein
AC Knowles 61.5 37.2 9.4 59.3 314 11.6
AC Success 61.5 36.1 10.0 58.9 30.6 12.4
S9624HB 60.8 369 11.2 57.2 30.2 128
S9625HB 62.4 37.9 9.1 59.4 31.6 11.8
P-value 0.11 0.16 0.34 0.12 0.11 0.44
SEM 0.65 0.59 0.58 0.45 0.38 048

Highly digestible hybrid brome development is possible, but there is a

potential risk of yield reduction.

Further selection is underway...




Saskatoon grass breeding
- Crested wheatgrass

Dr. Alison Ferrie’s (NRC

Saskatoon) on-going

research on developing

DH lines of crested

wheatgrass

- Value to genomic and
molecular study

- Cross to produce new
genotypes

Diploid Tetraploid Hexaploid



Crested wheatgrass

Value: drought tolerance, early greenness for early grazing
Breeding goal: Late maturity

April 21 2015 Seed head development

Alfalfa CWG



Germplasm collection

Total: 45 populations



Selection for late maturity in crested wheatgrass

* Genetically very diverse
« Maturity
« 5 days on average
« Later maturing lines
 Afew days
* Leaf-to-stem ratio
better choice?



RNA-Seq Study —DEGs
Collaborative research with Dr. Yong Bi Fu’s lab at AAFC Saskatoon



qRT-PCR analysis of the gene expression of 12 DEGs at stem elongation

Marker assisted
screening might be
important for the
development of
Later maturing
crested wheatgrass



New Grass Cultivars
= ‘CDC Torsion” Meadow brome: released in 2020

Licensed to Brett Young Seed
improved biomass/regrowth yield

Table 1. Forage dry matter yield (kg/ha) of $9549 meadow brome
at various sites |
Zone Location Year Fleet 89549 | .. Plant Hetght (cm)
Brown Swift Current 2018 1787 1965 | .o
2019 2246 2228 | <o
Dark Brown Saskatoon 2018 5225 513 | eo
2019 7370 871 | 4o
Black Melfort 2018 4203 4039 | 2o
2019 6044 7165 ° CDC Torsion Fleet
Mean Station-year 6 4479 4737
% Fleet 100 106




= CDC Tiznow Timothy (ST1)

* 7% higher biomass yield than ‘Climax’
(15 site —year)

* 45% higher seed yield than ‘Climax’
(4 site —year)



Hybrid wheatgrass S9615
» Proposed variety name: CDC Salt King
» Main use: saline area
» Seclected for higher seed yield without reducing salt tolerance
> 4 site-year test: 17.6% higher seed yield than AC Saltlander
» Slightly early maturing (2-3 days) compared to AC Saltlander
» Shorter rhizome than AC Saltlander
» Good salt tolerance
» No major disease issue

S9615 AC Saltlander



Hybrid wheatgrass S9615 — Breeder seed plot (2021)



New Grass Cultivars
Hybrid wheatgrass

AAFC Swift
Current Salt lab

EC=16dS/m




Hybrid wheatgrass
Strongfield SK 2019

Central Butte
2020

EC=9.8 dS/m
EC=9 dS/m
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Forage legume breeding



Evaluation of saline-
tolerant forage mixtures
for establishment, forage

vield, and saline soil

remediation.

Alex Waldner

M.Sc. Candidate Plant Sciences

Collaborative research with Dr.
Jeff Schoenau’ s lab (Soil Science)

CDC Salt King hybrid wheatgrass
Salt tolerant alfalfa

Soil Microbial Biomass

Pollinator Activity



Forage Legume breeding

Alfalfa salt tolerance

» Moderate tolerance

» over 50 varieties in USA
» Germination under salt
» Bridgeview

» Halo

» Rugged

Figure 2. Two-phase growth response to salinity (From
Munns, R. 2005. New Phytologist; 167:645-663.)
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Figure 4. Fresh and dry root and shoot biomass yield of five alfalfa varieties

under four gradient of salt stress



Selection for salt tolerance (Current project)

- Diverse genetic background

- Test breeding lines 1n saline areas
- Germination
- Germination stage tolerance # mature plant tolerance
- Growth

- Winter hardiness
_ Populations: S906(1), S906 (2), S906 (3), S906 (4), S906(5)



Shoot Biomass vs Alfalfa Generation by Inoculant at 60 days in 8ds/m

M.Sc candidate Seth Lundell’s
Research

C =Control

C+ N= 100kg/ha N fertilizer

. E=rhizobia for N fixation

H= Halomonas maura

E + H= rhizobia + salt tolerant bacteria

0.0-

1 2' 3 4
eration by Inoculant

S906(1) S906 (2) S$906 (3) Halo



Number of differently expressed gene (DEGs)

Leaf —

Root =

Number of DEGs
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BMC Plant Biology



Application of KASP method for validating SNPs in
alfalfa salt tolerance

Homozygous genotype: aaaa

Heterozygous genotype: Aaaa

« Kompetitive allele-specific
AAaa, AAAa

PCR (KASP) assay
 Validate significant SNPs
associated with agronomic

traits
Homozygous genotype: AAAA



SNP chr1.1_32922152

MS.gene037960: abiotic
stress tolerance
(Dong et al. 2006)

35 markers

20 random
plants/population



Selection of Legumes under intensive grazing

= Dr. Bart Lardner’s group

» ADF/SCA funded project

= 3-yrs of grazing pressure at LFCE
= 0.3 ha x 4 replications

= Sainfoin - grass

= Alfalfa —grass

= Crossed 1 breeding
population/each species

= More results to come....
Photo by: Cassidy Sim and Lana Height



Saskatoon program- Development of grazing tolerant alfalfa
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Long-term grazing sites (> 25 years)

Crooked River Shellbrook

(Grey Wooded) (Grey Wooded)
Erwood MacDowall

(Grey Wooded) (Black)

54 years



Long-term grazing sites (> 25 years)

Rockhaven Arcola
(Black) (Black)
Gull lake Val Marie

(Brown) (Brown)



2017 summer
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Verticillium wilt disease evaluation

Verticillium wilt spore
under 40X microscope



Genetic variation by four

soil zones based on

19,853 SNPs of 142
alfalfa genotypes

representing 14 alfalfa

populations from long- Dark
term grazing sites

Brown

Wang et al. Scientific
report 2022



Plant materials:

« Alfalfa populations from long-term grazing (> 25 years) sites

* 11 commercial alfalfa cultivars released from 1926 to 1980 in
Western Canada

1926 1935 1954 1955 1961 1966 1971 1972 1973 1975 1978

Grimm Ladak Vernal Rambler Beaver Roamer | | Drylander Anchor | | Algonquin Anik Rangelander

USA USA

Methods:
* Genotyping-by-sequencing (GBS)




Genetic relationship of 110
alfalfa genotypes
representing 11 commercial
alfalfa cultivars released
from 1926 to 1980 based on
19,853 SNPs

> Cluster III

=
> Cluster |l

=

} Cluster |

Cultivars from Canada:

Grimm
Algonquin
Beaver
Ladak

Anik
Rangelander
Roamer
Rambler
Drylander

Vernal from USA

Anchor from USA
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with 11 commercial alfalfa cultivars released from 1926 to 1980 in Western
Canada
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Alfalfa selection from Long-term grazing sites

Alfalfa forage yield [kg/ha} trial at Clavet SK

Cultivar 2020 2021 2022
Forage vield % of Beaver Forage yield % of Beaver Forage yield % of Beaver

Beaver 7,789 100 3.175 100 6,727 100
Unicommn 6,684 36 3,531 111 6,094 91
Rangelander T.174 92 3.464 109 6,002 89
SLO0SAF 6,456 &3 3,743 118 6,779 101
CRE1001 6,865 28 2.813 89 5397 80

AC Grazeland 7,268 93 3.308 104 3319 79

LSD 111442 248.02 1479.00

P-valne 0.20 0.002 0.05

CV% 6.80 965 10.09




Forage breeding: future perspectives



Application of newer technologies

Precision phenotyping

* UAV-Multi-spectral
(Camera) phenotyping
10-15 min/flight

NDVI

Plant height

* Density



David MacTaggart (M.Sc. Candidate)

NDVI CANOPY
VOLUME

NDVI Green Area




CORRELATIONS WITH FORAGE YIELD

Forage DMY
Forage DMY 1
Max Stem Length 0.69 * %k
Leaves/Stem 0.60 * ok
Stem Density 0.68 * %k
NDVI Green Ared 0.92 * ok ok
NDVI Canopy Vol. 0.87 * % %
Forage DMY
Forage DMY 1
Max. Stem Length 0.60* **
Leaves per Stem -0.07
Stem Density 0.40* * *
Rhizome Spread 0.39* **
NDVI Green Area 0.66***
NDVI Canopy Volume 0.44***

1St
Harvest

Stockpile
Harvest

49



Application of marker assisted selection

» KASP method 1s an example

» RNA-Seq can generate lots of SNPs

> Genomic selection



Genomic selection: Alfalfa

https://wiki.groenkennisnet.nl/display/TAB/Chapter+8.15%3A+Genomic+selection



Genomic prediction of plant height at Saskatoon 1n 2021 and 2022

Figure. Comparison of prediction accuracy of six additive genomic selection models for plant height at Saskatoon in 2021 and
2022.



Then the genomic selection model with the highest prediction accuracy was
used to calculate the GEBYV of plant height for testing populations (117
genotypes) at 1000 random runs

GEBYV at
each run




Highest 20 genotypes for plant height at 1000 random runs

D Count at 1000 random |Frequency in 1000 random| The average GEBV of BLUE value
runs runs 1000 random runs

Gen 272 458 0.458 90.5 63.2
Gen 271 423 0.423 89.8 79

Gen 87 408 0.408 89.5 72.3
Gen 256 376 0.376 89.7 78.5
Gen 167 361 0.361 89.1 68.7
Gen 260 361 0.361 89.3 82.7
Gen 95 354 0.354 89 83.3
Gen 248 339 0.339 88.9 84.3
Gen 114 332 0.332 88.6 95.7
Gen 328 328 0.328 88.9 72.7
Gen 270 328 0.328 88.7 92

Gen 116 324 0.324 90 81.8
Gen 34 320 0.32 89 92.5
Gen 274 318 0.318 89 81

Gen 223 314 0.314 89 98.8
Gen 236 290 0.29 88.8 83.2
Gen 178 284 0.284 89.3 79

Gen 288 279 0.279 88.8 87.8
Gen 240 274 0.274 88.8 71.2
Gen 63 271 0.271 88.8 85.9
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