
Field validation of the improvement of alfalfa Field validation of the improvement of alfalfa 
stem cell wall digestibility by recurrent stem cell wall digestibility by recurrent stem cell wall digestibility by recurrent stem cell wall digestibility by recurrent 

selectionselection
Annick Bertrand, Annie Claessens, MarieAnnick Bertrand, Annie Claessens, Marie--Noëlle Thivierge, Noëlle Thivierge, 

Solen Solen Rocher, Julie Lajeunesse, Agriculture and AgriRocher, Julie Lajeunesse, Agriculture and Agri--Food CanadaFood Canada
Philippe Seguin  McGill Philippe Seguin  McGill UniversityUniversityPhilippe Seguin, McGill Philippe Seguin, McGill UniversityUniversity

©Agriculture and Agri-Food Canada 2018



IntroductionIntroduction
Large phenotypic variability for stem cell wall (CW) digestibility in alfalfa could 
be exploited to improve that trait through recurrent selection. 

IntroductionIntroduction

Little is known: - on the stability of CW digestibility in the field
- on its heritability         on its heritability         
- on the impact of selection for stem CW digestibility on other   
important traits: yield, winter survival, and energy concentration



Recurrent divergent selection for stem cell wall digestibilityRecurrent divergent selection for stem cell wall digestibilityg g yg g y
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 Selection of 20 genotypes with high (D ) and 20 with low (D ) digestibility using our
screening method

 Crosses of selected genotypes
 Repeat each yearp y
 Year 1 : D+1 and D-1; Year 2: D+2 and D-2 populations
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Our screening Our screening methodmethod for stem for stem cellcell wallwall digestibilitydigestibilitygg g yg y

Harvest stems at greenpod maturity stage
Grind
Purify cell walls (CW): remove starch and 
sugarssugars 
Assess CW digestibility as the quantity of 
glucose released from cellulose after a 48h 
incubation with a customized enzyme 
cocktail (enzyme-released glucose, ERG)
Use NIRS prediction to increase theUse NIRS prediction to increase the 
throughput of analyses



Screening Screening genotypesgenotypes: : LaboratoryLaboratory analyses analyses 

Stem soluble Stem soluble sugarssugars and and starchstarch: HPLC: HPLC

 CW purification
 48h incubation at 50C with customized enzyme cocktail (Genencor and 

Stem CW Stem CW digestibilitydigestibility = Enzyme= Enzyme--releasedreleased glucose glucose fromfrom cellulosecellulose

 48h incubation at 50C with customized enzyme cocktail (Genencor and 
Sigma

 Glucose measured by HPLC

NearNear infraredinfrared reflectancereflectance spectroscopyspectroscopy
 High throughput screening

NearNear--infraredinfrared reflectancereflectance spectroscopyspectroscopy
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MultisiteMultisite Field Field assessmentassessment
• Ten populations: Two initial cultivars, 54V54 and Orca, and 

populations obtained after successive cycles of divergent 

MultisiteMultisite Field Field assessmentassessment

populations obtained after successive cycles of divergent 
selection for stem CW digestibility (D−1, D−2, D+1, and D+2) 

• Three field sites: north, central and south of Québec 
• Parameters measured:

-Digestibility: enzyme-released glucose (ERG). 
C t ti  f t l bl  b h d t-Concentration of water-soluble carbohydrates

-Yield
Winter survival-Winter survival

-Heritability
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EnvironmentalEnvironmental conditions at conditions at fieldfield sitessites

• Air temperature, precipitation, soil characteristics
• Contrasting pedo-climatic conditions between sites
• Temperature Normandin (1 7oC)<Saint Nicolas (4 4oC)<Ste Anne (6 7oC)• Temperature Normandin (1.7oC)<Saint Nicolas (4.4oC)<Ste-Anne (6.7oC)
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Stem Stem CellCell Wall Wall DigestibilityDigestibility (ERG)(ERG)g yg y ( )( )

• At all sites for both years, populations obtained after two selection cycles (D+2) had 
significantly higher CW digestibility than initial cultivars (average of +20 7 mg ERG g−1 CW significantly higher CW digestibility than initial cultivars (average of 20.7 mg ERG g CW 
=13% improvement of digestibility). 

• Significant positive response of stem CW digestibility to selectiong p p g y

• CW digestibility over years varied depending on the site where plant were grown.
…but systematically higher stem CW digestibility in populations recurrently selected (trait stability)y y g g y p p y ( y)
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Relationship Relationship betweenbetween ERG and IVTD  NDFD and ERG and IVTD  NDFD and ligninligninRelationship Relationship betweenbetween ERG and IVTD, NDFD and ERG and IVTD, NDFD and ligninlignin

• Correlation coefficient (r) between ERG and lignin: -0.83
• Correlation coefficient (r) between ERG and IVTD: 0.72
• Correlation coefficient (r) between ERG and NDFD: 0.79Correlation coefficient (r) between ERG and NDFD: 0.79



Water soluble carbohydratesWater soluble carbohydratesyy

• Impact of selection for CW digestibility on WSC concentration shows that it is possible  to • Impact of selection for CW digestibility on WSC concentration shows that it is possible  to 
increase digestibility without a decrease in WSC concentration

• Three way interaction between site x year x cultivar shows the large effect of environment on Three way interaction between site x year x cultivar shows the large effect of environment on 
WSC in plants.
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Dry Dry mattermatter yieldyield

• Significant impact of selection on biomass yield but no correlation 
with selection cycles

• The D+2 populations did not differ from the initial cultivars with 
regard to biomass yield

• Selection targetting stems avoid the selection of genotypes with high 
leaf:stem ratio 

I  i  CW di tibilit  t hi d t th   f  DM i ld• Increase in CW digestibility not achieved at the expense of  DM yield
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HeritabilityHeritabilityyy

T bl 2 V i t ti t f t ( 2 ) t i t ( 2 ) d ( 2 ) d

 Exp. 1 
Component 54V54 Orca 
2 74 95 43 62

Table 2. Variance component estimates for genotype (2
P), genotype  environment (2

PL), and error (2
) and 

broad-sense heritability estimates on a plot (H2
Plot) and an entry mean (H2

Entry Mean) basis for two genetic 
backgrounds in Exp. 1 and 2. 

 P 74.95 43.62
2

PL 28.16 0.00 
2

 154.72 163.17 
H2

Plot 0.29 0.21 
H2

Entry Mean 0.82 0.79 

Broad-sense heritability highlights a moderate control of genetic factors over 
environmental factors for CW digestibility. 

 

environmental factors for CW digestibility. 
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ConclusionsConclusionsConclusionsConclusions

• Selection for CW digestibility is a low-throughput process that could be
accelerated by our method of selection using NIRS prediction of ERG in 
t  ll llstem cell walls

• Improvement of stem CW digestibility could increase energy available and 
improve ruminant performance 

• The D+2 populations did not differ from the initial cultivars with regard to p p g
biomass yield, winter survival (90%), and stem water soluble-
carbohydrate concentration.
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NextNext stepsstepspp

• Use of the unique genetic material generated by recurrentq g g y
divergent selection for:
• Identification of genomic regions affecting stem CW 

digestibilitydigestibility
• Development of molecular markers to accelerate the 

identification of highly digestible plantsg y g p
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Stem degradability is genetically inherited
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Number of cycles of recurrent selection

• 25% increase in stem degradability25% increase in stem degradability
• No chemical pre-treatment
• No GMO



Next steps

S  d d bili f i f 2 l  f • Stem degradability assessment of progenies after 2 cycles of 
MAS: to confirm the link between Markers and degradability

Impact of MAS on stem degradabilityImpact of MAS on stem degradability

• Next generation sequencing (GBS): for genome-wide identification g g ( ) g
of regions affecting stem degradability



Dry Dry mattermatter yieldyieldyy yy
Significant impact of selection 

The D+2 populations did not differ from the initial cultivars with regard to 
biomass yield, winter survival, and stem water soluble-carbohydrate 
concentration.
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HeritabilityHeritability assessmentassessment ((threethree cycles, one site)cycles, one site)yy (( y )y )
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Next stepsNext steps

Genotyping alfalfa populations Genotyping alfalfa populations seelctedseelcted for improved stem CW digestibilityfor improved stem CW digestibility


