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The goal in plant breeding / The reality in alfalfa breeding
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The goal in plant breeding

Meuwissen et al., 2001

Moose and Mumm, 2008.
Rincent et al., 2018

Costa-Neto et al., 2021

Genomics

Enviromics Phenomics

Crossa et al., 2021

The modern plant-breeding triangle
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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 Acharya et al., 2020. https://doi.org/10.3390/agronomy10050742

https://doi.org/10.3390/agronomy10050742
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Breeding populations and trials

AGP_17 AGP_19 AGP_21 AGP_23

• Dry matter yield
• Persistence
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Genomic prediction optimization

• Dry matter yield 

• 114,000 SNPs – Capture-Seq

• G-BLUP in ASReml-R

• 10-fold cross-validation

Andrade et al., 2022. The Plant Genome DOI: 10.1002/tpg2.20235

Dr. Mario Andrade
Postdoc
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Genomic prediction optimization

• Dry matter yield 

• 114,000 SNPs – Capture-Seq

• 2,200 SNPs - DArTag

• G-BLUP in ASReml-R

• 10-fold cross-validation

Pablo Sipowicz
PhD candidate 

Sipowicz et al. 2025. The Plant Genome. DOI: https://doi.org/10.1002/tpg2.20526

https://doi.org/10.1002/tpg2.20526
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Genomic + Enviromic prediction optimization

• Dry matter yield and persistence

• 114,000 SNPs Dr. Claudio Fernandes
Postdoc

Fernandes et al. 2023. The Plant Genome. http://dx.doi.org/10.1002/tpg2.20306

Dry 
matter 
yield

Persistence

http://dx.doi.org/10.1002/tpg2.20306
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Genomic + Phenomic prediction optimization

Pablo Sipowicz
PhD candidate 

Sipowicz et al. 2025. Under review
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Genomic + Phenomic prediction optimization

Pablo Sipowicz
PhD candidate 

Sipowicz et al. 2025. Under review

Predictive ability for dry matter yield within each harvest and 
within fertility management using relationship matrix models 
based on:

Genomic data (molecular markers) – red
Phenomic data (hyperspectral sensor) – yellow
Genomic + Phenomic data  – orange

𝑦 = 𝑋𝛽 + 𝑍1𝑔 + 𝑍2𝑝 + 𝑒

p~𝑁(0, 𝑃−1𝜎𝑝2)         
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p~𝑁(0, 𝑃−1𝜎𝑝2)

𝑦 = 𝑋𝛽 + 𝑍1𝑔 + 𝑒

𝑔~𝑁(0, 𝐺−1𝜎𝑔
2)
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Genomic + Phenomic prediction optimization

Pablo Sipowicz
PhD candidate 

Sipowicz et al. 2025. Under review

Predictive ability for dry matter yield within each harvest and 
across fertility management using relationship matrix 
models based on:

Genomic data (molecular markers) – red
Phenomic data (hyperspectral sensor) – yellow
Genomic + Phenomic data  – orange

𝑦 = 𝑋𝛽 + 𝑍1𝑔 + 𝑍2𝑝 + 𝑒

p~𝑁(0, 𝑃−1𝜎𝑝2)         

𝑔~𝑁(0, 𝐺−1𝜎𝑔
2)
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p~𝑁(0, 𝑃−1𝜎𝑝2)

𝑦 = 𝑋𝛽 + 𝑍1𝑔 + 𝑒

𝑔~𝑁(0, 𝐺−1𝜎𝑔
2)
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Genomic + Phenomic prediction optimization

Pablo Sipowicz
PhD candidate 

Sipowicz et al. 2025. Under review

Predictive ability for persistence within each harvest and 
fertility management using relationship matrix models based 
on:

Genomic data (molecular markers) – red
Phenomic data (hyperspectral sensor) – yellow
Genomic + Phenomic data  – orange

𝑦 = 𝑋𝛽 + 𝑍1𝑔 + 𝑍2𝑝 + 𝑒

p~𝑁(0, 𝑃−1𝜎𝑝2)         

𝑔~𝑁(0, 𝐺−1𝜎𝑔
2)

𝑦 = 𝑋𝛽 + 𝑍1𝑝 + 𝑒

p~𝑁(0, 𝑃−1𝜎𝑝2)

𝑦 = 𝑋𝛽 + 𝑍1𝑔 + 𝑒

𝑔~𝑁(0, 𝐺−1𝜎𝑔
2)
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Genomic + Phenomic prediction optimization

Pablo Sipowicz
PhD candidate 

Sipowicz et al. 2025. Under review
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Summary and concluding remarks

• Multi-omics data integration can lead to reductions in the number of harvests.

• Predict total annual yield 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

• 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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