General context General context

Mixing cereals and legumes in the eld decreases the need for Mixing cereals and legumes in the eld decreases the need for exogenous fertilizers exogenous fertilizers

Cereal-legume intercrops are a promising type of intercrop, in low-input systems:

greater yield (Bedoussac, et al. (2015)) more stable yield ( Raseduzzaman, et al. (2017))

Legumes rely on symbiotic fixation to use atmospheric N2 leaving more mineral N for cereal (complementarity) Data sharing allow us to explore modeling options and validate experimental findings Phenomenological approaches seem promising to understand and define assembly rules for intercrops ((Forst, et al., 2019), (Montazeaud, et al., 2020))

trials in 5 European countries

System of interest

Predictions generated by these approaches may be used to understand IC functionning (covariates ranking etc.) ; corroboratory predictions

Modeling of intercrop (IC) systems:

Review: Gaudio, et al. ( 2019)

Intercrop modeling is just beginning.

Few crop models and individual-based models exist to simulate crop mixtures (mechanistic models)

Phenomenological approaches seem promising to understand and define assembly rules for intercrops ((Forst, et al., 2019), (Montazeaud, et al., 2020))

Predictions generated by these approaches may be used to understand IC functionning (covariates ranking etc.) ; corroboratory predictions

Modelling approaches and scales are complementary (Gaudio, et al., 2022) Data gathering and processing work ow Data gathering and processing work ow 
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  Modeling of intercrop (IC) systems: Review: Gaudio, et al. (2019) Intercrop modeling is just beginning. Modeling of intercrop (IC) systems: Review: Gaudio, et al. (2019) Intercrop modeling is just beginning. Few crop models and individual-based models exist to simulate crop mixtures (mechanistic models) Modeling of intercrop (IC) systems: Review: Gaudio, et al. (2019) Intercrop modeling is just beginning. Few crop models and individual-based models exist to simulate crop mixtures (mechanistic models)

  , same data structure (Pappagallo, et al., 2021) Not possible to automatize standardized data files Same variable names, same data structure (Pappagallo, et al., 2021) Not possible to automatize standardized In my case, each factor is a partite set, each factor-level is a node In my case, each factor is a partite set, each factor-level is a node Enumerating all complete factorial designs Enumerate all maximal k-cliques ⟺ Modeling Modeling How to use available data and ecological knowledge to predict the How to use available data and ecological knowledge to predict the yield of intercrops yield of intercrops Feature computations: plant-plant interactions Within intercrops differences between curve parameters complementarity/competition indicators (ex.Results highly depend on species mixtures and on the covariates ( )Environmentincluded as random effect in the model for now Regression approaches tested to reduce environmental data dimension until now, with little success Other approaches are tried (FPCA ; Clustering of curves ; Wavelets decomposition etc.) Random forest + variable selection + random effect is promising RM SE ∈ [0.1; 0.8]

  

  

  

  

  

  

  

  

  

  

  

  

  

35 trials in 5 European countries

  

	System of interest Modeling Modeling	
	Modeling can be a tool to generalize results in various environments Modeling can be a tool to generalize results in various environments
	It can also help to understand processes occuring in complex It can also help to understand processes occuring in complex
	environments environments	new experimental ideas new experimental ideas
	Models in biology: 'accurate descriptions of our pathetic thinking'
	(Gunawardena, 2014)	
	2 types of modeling
	Reverse modeling starts from experimental data and seeks potential
	Prediction in ecology: promises, obstacles and clarifications (Maris et al., 2018)
	2 types of predictions
	corroboratory prediction is

Cereal-legume intercrops are a promising type of intercrop, in low-input systems: greater yield

(Bedoussac, et al. (2015)

) more stable yield

( Raseduzzaman, et al. (2017)

) Legumes rely on symbiotic fixation to use atmospheric N2 leaving more mineral N for cereal (complementarity) Data sharing allow us to explore modeling options and validate experimental findings causalities suggested by the correlations in the data, captured in the structure of a mathematical model. (phenomenological models) Forward modeling starts from known, or suspected, causalities, expressed in the form of a model, from which predictions are made about what to expect. (so-called mechanistic models) Modeling Modeling can be a tool to generalize results in various environments It can also help to understand processes occuring in complex environments new experimental ideas Models in biology: 'accurate descriptions of our pathetic thinking' (Gunawardena, 2014) 2 types of modeling Reverse modeling starts from experimental data and seeks potential causalities suggested by the correlations in the data, captured in the structure of a mathematical model. (phenomenological models) Forward modeling starts from known, or suspected, causalities, expressed in the form of a model, from which predictions are made about what to expect. (so-called mechanistic models)

linked to the validation of theories

  

anticipatory-prediction is linked to the description of possible futures
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cultivar ; 9 experiments 5 cultivars ; 1 experiment ;

N levels

cultivar ; 9 experiments 5 cultivars ; 1 experiment ;

N levelsIn my case, each factor is a partite set, each factor-level is a node Enumerating all complete factorial designs Enumerate all maximal k-cliques
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Purpose: Predict the yield of various intercrops, in different environments

Available data: Environment x Plant variables x Agronomic practices

Code available and R package installable at https://github.com/RemiMahmoud/kclique ⟺

Feature computations: plant-plant interactions Within intercrops differences between curve parameters complementarity/competition indicators (ex.

)

Partial conclusions & Perspectives

Results highly depend on species mixtures and on the covariates ( )