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Introduction

Mixed models :

𝑦 = 𝑋𝛽 + 𝑍𝑢 + 𝜖

Fixed effect :

- 𝑿 is the known design matrix for the 

fixed effects relating the 

observations 𝑦 to 𝛽, respectively

- 𝜷 is an unknown vector of fixed 

effects

Specific effects we want to estimate 

(e.g. the effect of a treatment)

Random effect :

- 𝒁 is the known design matrix for the 

random effects relating the observations 

𝒚 to 𝒖, respectively

- 𝒖 is an unknown vector of random 

effects, with mean 𝑬 𝒖 = 𝟎 and 

variance–covariance matrix 𝒗𝒂𝒓 𝒖 = 𝑮

Related to specific groups or levels

derived from a larger population

𝝐 is an unknown vector of 

random errors, with mean 
𝑬 𝝐 = 𝟎 and variance 

𝒗𝒂𝒓 𝝐 = 𝑹



Introduction

VSCU network organised in series of trial

Series depend on the variety list, the year of study and 

other criteria: variety types, ploidy, earliness...

Trials in subplot

Multi-site and multi-year network

Comparisons of varieties with controls

Semi-Latin square or Randomized Complete Block Design
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Multi-partner project that began in 2021

Fodder species

Farmers must be able to sow the best varieties

No post-registration trials (3 years trials)

Old calculation method :
– Use of a linear model on the average values of the control per year

– Cross multiplication on the predicted values of the controls and average values of the variety
per year

No longer satisfied the agronomy experts

Use of mixed model Herbe Book Project

𝑦 = 𝜇 + 𝑐𝑢𝑙𝑡𝑖𝑣𝑎𝑟 + 𝑎𝑛𝑛é𝑒 + 𝜀
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8 mains fodder species :
– English ryegrass

– Annual ryegrass

– Italian ryegrass

– Hybrid ryegrass

– Tall fescue

– Cocksfoot

– Alfalfa

– Red clover

For some traits only row trials were used, while for others only 
national experimentation network trials were used

Randomized Complete Block Design  and few semi-latin square

Subplot value level
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Model used :

𝑌 ~ 𝝁 + 𝑪𝒖𝒍𝒕𝒊𝒗𝒂𝒓 + 𝑻𝒚𝒑𝒆𝒚𝒆𝒂𝒓 + 𝐼𝑑𝑡𝑟𝑖𝑎𝑙 + 𝑌𝑒𝑎𝑟𝑠𝑜𝑤𝑖𝑛𝑔 + 𝑌𝑒𝑎𝑟𝑆𝑒𝑟𝑖𝑒 + 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 + 𝐼𝑑𝑡𝑟𝑖𝑎𝑙: 𝑅𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛

+ 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝑌𝑒𝑎𝑟𝑠𝑜𝑤𝑖𝑛𝑔 + 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝑌𝑒𝑎𝑟𝑆𝑒𝑟𝑖𝑒 + 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝑇𝑦𝑝𝑒𝑦𝑒𝑎𝑟 + 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛

+ 𝑌𝑒𝑎𝑟𝑠𝑜𝑤𝑖𝑛𝑔: 𝑇𝑦𝑝𝑒𝑦𝑒𝑎𝑟 + 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝑌𝑒𝑎𝑟𝑠𝑜𝑤𝑖𝑛𝑔: 𝑇𝑦𝑝𝑒𝑦𝑒𝑎𝑟 + 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝐼𝑑𝑡𝑟𝑖𝑎𝑙 + 𝐼𝑑𝑡𝑟𝑖𝑎𝑙: 𝑇𝑦𝑝𝑒𝑦𝑒𝑎𝑟

+ 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝐼𝑑𝑡𝑟𝑖𝑎𝑙: 𝑇𝑦𝑝𝑒𝑦𝑒𝑎𝑟 + 𝑇𝑦𝑝𝑒𝑦𝑒𝑎𝑟: 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛 + 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝑇𝑦𝑝𝑒𝑦𝑒𝑎𝑟: 𝐿𝑜𝑐𝑎𝑡𝑖𝑜𝑛

+ 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝐼𝑑𝑡𝑟𝑖𝑎𝑙: 𝑅𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛 +  ɛ

Breakdown according earliness or ploidy

Simplification of the model if necessary

Calculation of the estimated marginal means for all the cultivars and trait
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Two approaches to validate new calculation method :

– Compare the two methods output

– Analyze the output of mixed model :

• Summary of the model

• Variance components

• Normality of residuals

• Standard error of the variety effect

Validation of the mixed model method

Today : use in GEVES and run by hand

Future : use in GEVES application
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Mixed model
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Project mutli-partner get back in 2023

All field crop species

Quantitative character

Measure changes in the performance of varieties registered and technical rules
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One value per cultivar / trial / characteristic

All candidate varieties (registered or not)

A chosen period of time. 

Only the validated data are considered

Each character is analysed separately
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Inspired by Laidig et al. 2014 and Piepho et al. 2014

Mixed model used :

𝑌 ~ 𝝁 + 𝑪𝒖𝒍𝒕𝒊𝒗𝒂𝒓 + 𝒀𝒆𝒂𝒓𝒔𝒐𝒘𝒊𝒏𝒈 + 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝑌𝑒𝑎𝑟𝑠𝑜𝑤𝑖𝑛𝑔 + 𝑌𝑒𝑎𝑟𝑠𝑜𝑤𝑖𝑛𝑔: 𝑆𝑒𝑟𝑖𝑒: 𝑇𝑟𝑖𝑎𝑙 +  ɛ

Estimated marginal means per cultivar

Fixed effects Random effects
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Scatter plot of estimated marginal means per year of filing

Linear regression proposed

Use of the coefficient of the linear regression :

– For information

– For external communication

– To develop new variety registration rule

For some species other indicators are represented on the plot as plant disease

results



Saisissez votre texte

Saisissez votre texte

Genetic Progress

Example of result
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Improvements considered : 

– Detection of two (or three) coefficients of linear regression on the studied period, 

instead of one single regression

– Better modelisation in case of non linear regression

– Uses in more species

– How to represent genetic progress for several characteristic at the same time ?
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Use of breeders’ data to speed up registration and improve information to users 
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Request to the statisticians

– How can be manage the absence of control varieties in the breeder network?

– Do the results provided by the breeder corroborate the results of our trials?

Approach adopted

– Use of a third dataset to increase the number of common varieties (breeder data, registration data, 

post-registration data)

– Use of a mixed model to compensate for the absence of all varieties in all networks for all years 

considered 

– Predict the difference in behaviour of varieties according to networks = consistency 

– Control if the consistency is within the equivalence interval (equivalence test).
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Consistency for one year of data : 

– Prediction of the cultivar-network interaction for decision traits (yield, humidity, logging for grain maize).
𝑌 ~ 𝝁 + 𝑵𝒆𝒕𝒘𝒐𝒓𝒌 + 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟 +  𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟: 𝑁𝑒𝑡𝑤𝑜𝑟𝑘 +  𝑁𝑒𝑡𝑤𝑜𝑟𝑘: 𝑇𝑟𝑖𝑎𝑙 +  ɛ

   Fixed effects  Random effects

– Consistency is defined as the difference between predictors of cultivar-network interaction between the 

breeder’s network and GEVES network
𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑖 =  𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟𝐼 ∶  𝑁𝑒𝑡𝑤𝑜𝑟𝑘𝐺𝐸𝑉𝐸𝑆 −  𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟𝐼 ∶  𝑁𝑒𝑡𝑤𝑜𝑟𝑘𝐵𝑟𝑒𝑒𝑑𝑒𝑟

Consistency for multi-year data (2 or 3 years):  

– Prediction of the cultivar-network interaction for decision traits (yield, humidity, logging).

𝑌 ~ 𝝁+𝑵𝒆𝒕𝒘𝒐𝒓𝒌+𝒀𝒆𝒂𝒓_𝒔𝒐𝒘𝒊𝒏𝒈+𝑵𝒆𝒕𝒘𝒐𝒓𝒌:𝒀𝒆𝒂𝒓_𝒔𝒐𝒘𝒊𝒏𝒈+𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟+𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟:𝑌𝑒𝑎𝑟_𝑠𝑜𝑤𝑖𝑛𝑔+𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟:𝑁𝑒𝑡𝑤𝑜𝑟𝑘 

+𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟:𝑁𝑒𝑡𝑤𝑜𝑟𝑘:𝑌𝑒𝑎𝑟_𝑠𝑜𝑤𝑖𝑛𝑔  +𝑌𝑒𝑎𝑟_𝑠𝑜𝑤𝑖𝑛𝑔:𝑁𝑒𝑡𝑤𝑜𝑟𝑘:𝑇𝑟𝑖𝑎𝑙+ ɛ

   Fixed effects   Random effects

– Consistency is defined as the difference between predictors of cultivar-network and cultivar-network-

year interactions between the breeder’s network and GEVES network
𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦𝑖 =  𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟𝑖 ∶  𝑁𝑒𝑡𝑤𝑜𝑟𝑘𝐺𝐸𝑉𝐸𝑆 −  𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟𝑖 ∶  𝑁𝑒𝑡𝑤𝑜𝑟𝑘𝐵𝑟𝑒𝑒𝑑𝑒𝑟

+
σ𝑦=0

𝑛 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟𝑖: 𝑁𝑒𝑡𝑤𝑜𝑟𝑘𝐺𝐸𝑉𝐸𝑆: 𝑌𝑒𝑎𝑟𝑦

𝑛
−

σ𝑦=0
𝑛 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑟𝑖: 𝑁𝑒𝑡𝑤𝑜𝑟𝑘𝐵𝑟𝑒𝑒𝑑𝑒𝑟: 𝑌𝑒𝑎𝑟𝑦

𝑛



Saisissez votre texte

Saisissez votre texte

DonObt

90% confidence interval for the consistency

Equivalence test
Consistency value for a variety 
and for a given characteristic

Confidence interval for consistency 
for a variety and for a given 

characteristic

Equivalence interval limits for a 
given character
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Choice of the limits for the equivalence test : example of grain yield

Maximum absolute value of the confidence interval
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Results
– Breeders’ data have been used routinely for maize registration since 2020. 

– The supply of data acquired in breeders’ networks is optional, but widely used, since 70% of the studied 

varieties benefit from data supply. The data are judged to be inconsistent for 10-15% of varieties. The 

script results are confirmed by individual data checks.

– Registration is based on the GEVES network, but the registration threshold is lowered if the breeder 

data are consistent. Approximately 5% of the varieties examined are registered in one year thanks to 

the breeders’ data.

– The use of breeders’ data to improve user information was planned during the development of the 

website www.varmais.fr but has not yet been implemented.

– Prospects : The CTPS Scientific Committee recommends the use of breeders' data when considering 

adaptation to climate change during the registration of varieties. Can the data be use? How?

http://www.varmais.fr/
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Conclusion

Mixed models enable us to manage a wide diversity of scenarios while perfectly 
meeting our issues !

Thank you for your attention !

Any question ?

Contact details:

– Thibaud Quemar : thibaud.quemar@geves.fr

– Christine Fintz : christine.fintz@geves.fr

– Aurore Philibert : aurore.philibert@geves.fr

mailto:thibaud.quemar@geves.fr
mailto:christine.fintz@geves.fr
mailto:aurore.philibert@geves.fr
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