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Introduction
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▪ UK variety trials analysis:
▪ Two-stage
▪ Second stage model:

Fixed effects:    

Region + Variety + Region:Variety

Random effects:   

Year + Year:Region + Trial + Year:Variety + 
Year:Region:Variety

▪ Variety as a fixed effect: variety means 
are Best Linear Unbiased Estimators 
(BLUEs)



Introduction
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▪ Investigate effect of changing 
variety from a fixed to a random
effect: variety means are Best 
Linear Unbiased Predictors (BLUPs) 
at the over trials analysis stage
▪ How big is the effect?

▪ Can we demonstrate an advantage to 
one of the approaches?



Why are we interested in BLUPs?
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▪ For yield, it can be shown that 
BLUPs provide better prediction
outside the tested range 
▪ Initially in terms of years tested 

for future prediction, but could 
also be spatial

▪ BLUPs are already widely used in a 
plant breeding context

▪ Borrowing information from 
other regions where not much 
region data
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Real-world impacts
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We want to demonstrate the real-world benefit of moving to BLUPs

▪ Theoretical reasons have been shown

▪ Real-world impacts are useful for communication

▪ Stakeholders may resist change
▪ Especially if varieties that look good in a set of trials are downgraded

So this work aims to:
▪ Understand the likely impact of a change

▪ Produce evidence that shows that one approach is preferred over another
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UK variety trials
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Different trials with different purposes:

▪ Variety List (VL) trials used for decision making (varieties are passed/failed after 2 years) 
▪ Based on comparisons of single varieties to the mean of existing VL varieties
▪ Using a multi-year data set to connect varieties tested in different years

▪ Recommended List (RL) trials used to inform recommendation decisions and to provide 
information to growers

▪ Regional recommendations can be made
▪ Data sets of 3 to 5 years

Theoretical arguments for using BLUPs instead of BLUEs apply more strongly to RL than VL:

BLUPs are particularly useful where the purpose is to provide information on how varieties 
will perform in future years and different environments.



Shrinkage
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▪ BLUPs have a shrinkage effect: predicted means are pulled towards the overall mean

▪ This aims to remove the effect of random error that may have (under a variety as 
fixed effect model) been attributed to the variety 

▪ Shrinkage has the biggest impact for:
▪ Extreme (high/low yielding) varieties
▪ Varieties with little data 
▪ Untreated trials more so than Treated trials
▪ Data sets with fewer years of data
▪ Varieties with large Genotype x Environment 

interactions



Models
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Current model for 5 year set:

Fixed:    Region + Variety + Region:Variety

Random:   Year + Year:Region + Trial + Year:Variety +

Year:Region:Variety

Model with variety as random:

Fixed:   Region

Random:   Variety + Region:Variety + Year + 

Year:Region + Trial + Year:Variety +

Year:Region:Variety



Data and Analysis
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Data:
Winter Wheat (WW), Winter Oilseed Rape (WR), Winter 
Barley (WB), and Spring Barley (SB)
VL & RL trial level yields 
2009 – 2022
Includes region information

Analysis:
1. Both models (variety as fixed and variety as random) fitted to 

3/4/5 year subsets of data

2. Predicted means for region output 

3. Changes in variety means under a switch from BLUEs to BLUPs 
studied 

Image: AHDB Cereals and Oilseeds



Difference under change
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▪ Shrinkage towards the 
mean: 
▪ Higher yielding varieties lose 

the most under BLUPs

▪ Lower yielding varieties gain 
the most 

▪ Varieties with more years of 
data have less shrinkage

▪ Untreated trials show larger 
changes than treated, and 
have a stronger region 
effect

Image: AHDB Cereals and Oilseeds



Analysing prediction
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▪ Many varieties are present in >5 years of data

▪ We use this to assess prediction outside of year set

▪ We first tried predicting 1yr mean based on 5yrs of data 
▪ However highly variable single-year variety performance impacts quality of 

prediction

▪ So instead we try predicting variety x region means over 3 years based 
on a 3-year variety x region model
▪ Fixed model to fixed model predictions vs random model to random model



Prediction: 3 vs 3 years – SB T
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Prediction: 3 vs 3 years – SB U 
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Prediction: 3 vs 3 years – SB T UK 
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Prediction: 3 vs 3 years – SB U UK 
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Prediction: 3 vs 3 years – WR T
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Note: no WR U because only had U trials since H2017



Prediction: 3 vs 3 years – WR T UK
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Results
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▪ As expected, we see shrinkage towards the mean under a change 
to BLUPs.

▪ After removing year effects, BLUPs are more often closer to the 
true value than BLUEs. 

▪ Shrinkage has a large effect at a regional level, but much less so at 
a national level.

▪ The RMSE for BLUPs is smaller (indicating better prediction) for 
every crop and region combination. 

▪ Every crop again shows a higher cross-validated R2 (indicating a 
better model) for BLUPs.



How would this look in practice?
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▪ Currently only thinking about making this change at the RL level

▪ In close discussion with AHDB (who run the RL)

▪ AHDB have taken on board the argument for better prediction

▪ They are discussing with their committees

▪ They want to know how their yearly tables of means would look 
under a switch to BLUPs

▪ Have provided several datasets to test this on:
▪ Winter Wheat 2021, Winter Oilseed Rape 2021, Winter Barley 2024, 

Winter Rye 2024



How would this look in practice?
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Datasets run through both models to see the differences:

▪ Winter Wheat minimal differences (because dataset is so large)

▪ Winter Oilseed Rape slightly more shrinkage (smaller dataset)

▪ Winter Barley regional datasets are the smallest they have, experienced slightly more 
shrinkage

▪ Winter Rye (small 2-year dataset) also experiences shrinkage but not as large as 
anticipated – dataset is completely balanced

However LSDs also shrink 



Conclusions
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▪ Theory shows that BLUPs give better prediction of variety performance
than BLUEs

▪ Testing prediction:
▪ BLUPs seem to give better prediction outside the tested range

▪ Highly variable single year variety performance (relative to the mean) means it’s 
difficult to produce accurate predictions using any method

▪ Discussions ongoing with stakeholders about making this change for 
yield at the RL level

▪ Not for disease at this stage



Further thoughts
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▪ Does the theory for RL apply to Variety Listing in the same way?
▪ Where we are making variety decisions based on comparisons

▪ Having two different analysis models for variety trials in the UK
may be tricky for stakeholders to understand

▪ Thoughts welcome!
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