
1

Efficient selection in 
Plant Breeding

Lucia Gutierrez

Lucia.Gutierrez.Chacon@slu.se

Professor of Crop Breeding and Crop Diversity 

Plant Breding Department, SLU

Photos: Lucia Gutierrez; Valentin Picasso; AI generated (AI generated are not labeled  in the presentation)



𝜇0 𝜇𝑆

𝜇1

S

c

R

What is Plant Breeding?
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P = G + E + GE

Most economically relevant traits are complex



‘Give a small boy a hammer, and he will find that 

everything he encounters needs pounding’

Kaplan, 1964

Our plant breeding toolbox



Our plant breeding toolbox

Statistical models and modeling

Genomics and emerging 

technologies Big data and computing

Accelerated breeding Drones and AI

Y = Xb + Zu + e
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Resilience to Climate Change
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Neyhart et al. 2025

Gene Mapping
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Resilience to Climate Change

Oats Barley       Wheat

Genomic PredictionPredictive
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Sandro et al., (in rev.)





Environment

Micro-environment 

Environment of a single plant. 

Controlled with experimental design.

Macro-environment

Environment associated to locations and years. 

Genotype by environment.



Genotype by environment interaction (G×E)

Genotype1 Genotype 2 Genotype 1 Genotype 2

ENV 1 ENV 2

E1 E2

G2

G1
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Field evaluations are critical for plant breeding
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GWAS mapping

Drones & Image
Genomic prediction and AI

Breeding and evaluation

’ground truth’
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Field evaluations are critical for plant breeding

& billions of dollars are spent every year globally

~ 35 000 000 SEK annually in field 

evaluations of cereals and pulses 

(breeding, pre-testing, and official trials)
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Gonzalez-Barrios et al. 2019
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Experimental design optimization
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response to selection
(with the same resources)

(46%) ~ 15 000 000 SEK per year
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Speed Breeding

Accelerated breeding

Photos: Bhatta et al., 2021; Lucia Gutierrez Gonzalez-Barrios et al., 2021



1

8

3.2   cycles per year   4.6





y = 1 + Zg + 

g ~ N(0, H(NxN)⨂𝝆(kxk))

Sandro et al. 2024

Dhakal et al., 2026

Prediction tool 

for farmers

Modelling GxE

Big data in plant breeding: genomic prediction

Farmers

Berro et al., 2024



5 Oat Varieties Released

85% Market share
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OatsWheat

Genomic selection implementation

Oat seed sales

Photos: Lucia Gutierrez; Valentin Picasso
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time to release

(14 to 7 years) 



Environmental

SocialEconomic

Resilience in Food Systems - participatory plant breeding

Sandro et al., 2022

Farmers

Millers

Consumers

Breeders

Bakers

23
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Bickford. A new hard red winter wheat variety for organic systems and 

slow rise baking quality with more diversity for increased resilience
Photos: Lucia Gutierrez; Artisan Grain Collaborative; Meadowlark Farm & Mill

Resilience in Food Systems - participatory plant breeding
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Tack så mycket!

Photo: Lucia Gutierrez
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