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The goal in plant breeding / The reality in alfalfa breeding

USA On-Farm Alfalfa Hay Yield
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Crop Breeding, Genetics & Cytology (3 Full Access

Five Decades of Alfalfa Cultivar Improvement: Impact on
Forage Yield, Persistence, and Nutritive Value

JoAnn F. S. Lamb X% Craig C. Sheaffer, Landon H. Rhodes, R. Mark Sulc, Daniel . Undersander,
E. Charles Brummer

First published: 01 March 2006 | https://doi.org/10.2135/cropsci2005.08-0236 | Citations: 106
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The goal in plant breeding
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Costa-Neto et al., 2021

Genomics Trainingand prediction.
Prediction of complex trait of testing populations for genomic GXE models

including multi-trait, multi-environment data

Increase prediction accuracy

Phenomics High Throughput phenotype (HTP).
Image analyses to predict visual assessment of

different traits

Environmics  Climaticand soil data.
Structure environmental data
for explaining causes of GxE

The modern plant-breeding triangle
Crossa et al., 2021

Alfalfa
fo: got bwok WAC /// PARALLEL SESSION /// FROM 03 TO 06 NOVEMBER 2025

into planetary
boundaries

Phenomics

Rincent et al., 2018

Calculate Make
GEBV Selections

Meuwissen et al., 2001

¢
vV alfalfa
congress

FRANCE &= REINS-CHALONS



Alfalfa breeding in Florida

* Non-dormant cultivars developed in Florida:
Florida 66 — adaptation to subtropical conditions
Florida 77 - alfalfa aphid and yield
Florida 99 — phytophthora, anthracnose, alfalfa aphid

- Program dropped in the 90’s — Resumed in 2014

Alfalfa growing in Hillsborough County, Florida
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https://doi.org/10.3390/agronomy10050742

Breeding populations and trials
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Genomic prediction optimization

Dry matter yield :
114,000 SNPs — Capture-Seq br. M;’g’:tgggfade
G-BLUP in ASReml-R

10-fold cross-validation
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Genomic prediction optimization

* Dry matteryield Pablo Sipowicz
* 114,000 SNPs - Capture-Seq PhD candidate
* 2,200 SNPs - DArTag Patorn £ s e B3 ey ¢

» G-BLUPin ASReml-R - ! 5

e 10-fold cross-validation | j [%N

it
n

— O
T
E'
T
F
Il
I
+
+
b
I
|

Platform $ Capture-Seq - DArTag 3K

Predictive ability
==
——
TR
k'
E
q
i
+
1
1
I
|

Spring 18 | | Summer 18 | | Fall 18 | | Winter 19 EE i i el el e TTTTTTTTTTETTTTETTTTTmmmEmmmmEEmT
0.9 0.1
0.7 o .
> 05 lHEI -z sg8 88888883 2zz3ge828888¢8i
3 | - . - - T N ®B - &8 % =~ E - T &N W - § 9 ~ =
g 0.3 H - H H Markers
= 0117
N £ B 5 Rn o eI ELEREDE SEEEE (b EEE S RS Brr SEDED Dht EEb oh R W chbt B B
D -0.11 I De by .
& 03] o ’ . . —
’ LI [} * .
-0.51 . .
Adfalfa_MSY -
-0.71 ~
® X ® © X ® © ® @ 2 2 _
R T "
< = = - < %] @] [a] - L = B
Harvest B
Sipowicz et al. 2025. The Plant Genome. DOI: https://doi.org/10.1002/tpg2.20526
- A‘lfhla ) ¢ ?@fﬁjld
R Sy WAC /// PARALLEL SESSION /// FROM 03 TO 06 NOVEMBER 2025 vV alfalfa
into planetary

congress
boundaries g

anananananananananananananan



https://doi.org/10.1002/tpg2.20526

Genomic + Enviromic prediction optimization

* Dry matteryield and persistence
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Genomic + Phenomic prediction optimization
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Genomic + Phenomic prediction optimization

Pablo Sipowicz

Predictive ability for dry matter yield within each harvest and PhD candidate

within fertility management using relationship matrix models
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Genomic + Phenomic prediction optimization

Predictive ability for dry matter yield within each harvest and Pablo Sipowiez

across fertility management using relationship matrix
models based on: |
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Genomic + Phenomic prediction optimization

Predictive ability for persistence within each harvest and
fertility management using relationship matrix models based
on:
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Genomic + Phenomic prediction optimization

Iteration 1 Iteration 1

Pablo Sipowicz
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Summary and concluding remarks

* Multi-omics data integration can lead to reductions in the number of harvests.
* Predict total annualyield and persistence six months before the end of the year.

* DArT Tag array presented similar results to Sequence Capture, reducing the cost of genotyping.

* 1,000 markers achieved acceptable predictive ability.

* Phenomic selection had greater predictive ability than genomic selection when the models

were trained within harvests and management.
* Phenomic selection is highly influenced by management and environment.

* Phenomic selection can be used to predict the phenotype of unharvested plots without

randomly sampling fields.
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Summary and concluding remarks
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Phenotypic selection resulted in improvements for dry matter yield and
persistence in non-dormant alfalfa breeding for subtropical environments,
but not for nutritive value (Lee et al., 2025).

Can predictive breeding approaches lead to increases in genetic gain
compared to phenotypic selection?

THANKS to Dr. Brian Irish, USDA-ARS Alfalfa Curator for seed increases for
the new breeding populations developed using predictive breeding!
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Agrasystems

Dry matter yield, persistence, nutritive value, and in situ dry
matter degradability of non-dormant alfalfa (Medicago sativa L.)
adapted to Florida

Seongshin Lee' | AnjuBiswas' | Esteban F.Rios' © | Diwakar Vyas®
1500
—
& 1400
<
o
=
1300
T
=
& 1200
=
@
£
1100
o
1000
1977 1999 2015 2017
80
70
£
@
860
=
3
c 50
Q
@
£ 40
o
30
1977 1999 2015 2017
_70
=
)
=
7
f=
(]
=
=1
€60 —_— .
Q
=
a3
Q
55
©
]
e
50
1977 1999 2015 2017
2023
¢ pworld
vV alfalfa
congress

anananananananananananananan



	Slide 1: Technologies for alfalfa breeding and production
	Slide 2: Multi-Omics Data Integration Improve the Accuracy of Prediction Models for Complex Traits in Non-dormant Alfalfa 
	Slide 3: The goal in plant breeding / The reality in alfalfa breeding
	Slide 4: The goal in plant breeding
	Slide 5: Alfalfa breeding in Florida
	Slide 6: Breeding populations and trials
	Slide 7: Genomic prediction optimization
	Slide 8: Genomic prediction optimization
	Slide 9: Genomic + Enviromic prediction optimization
	Slide 10: Genomic + Phenomic prediction optimization
	Slide 11: Genomic + Phenomic prediction optimization
	Slide 12: Genomic + Phenomic prediction optimization
	Slide 13: Genomic + Phenomic prediction optimization
	Slide 14: Genomic + Phenomic prediction optimization
	Slide 15: Summary and concluding remarks
	Slide 16: Summary and concluding remarks

