
HAL Id: hal-04216608
https://hal.inrae.fr/hal-04216608

Submitted on 25 Sep 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Modelling plant-nematodes interactions to understand
plant tolerance

Joseph Junior Penlap Tamagoua, Suzanne Touzeau, Frédéric Grognard,
Valentina Baldazzi

To cite this version:
Joseph Junior Penlap Tamagoua, Suzanne Touzeau, Frédéric Grognard, Valentina Baldazzi. Modelling
plant-nematodes interactions to understand plant tolerance. IMACS 2023 - 21st World Congress of
the International Association for Mathematics and Computers in Simulation, Sep 2023, Rome, Italy.
�hal-04216608�

https://hal.inrae.fr/hal-04216608
https://hal.archives-ouvertes.fr


21st IMACS World Congress University of Rome ’La Sapienza’, Italy

Minisymposium

Single scale and multi-scale modelling: applications to ecology, cell biology and medicine

Modelling plant-nematodes interactions to understand plant tolerance

Oral Contribution

Joseph Penlap 1,2

Suzanne Touzeau 1,2

Frédéric Grognard 1

Valentina Baldazzi 1,2

1 Université Côte d’Azur, Inria, INRAE, CNRS, MACBES, France
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Root-knot nematodes (RKN) of the genus Meloidogyne spp. cause consider-
able yield losses in numerous crops worldwide. The dynamics and outcomes of
crop–pest interactions depend on the ecological conditions, including the pheno-
types of the interacting species, their physiology and the abiotic environment. In
theoretical ecology, most mathematical models that describe these interactions
either focus on plant physiology and do not consider pest dynamics, or con-
versely are based on the pest life cycle but neglect plant physiology and defense
response. We are particularly interested in understanding the mechanisms that
underlie plant tolerance, that is the ability of plants to sustain RKN infestation
with limited yield losses.

To address this, we built a mechanistic model of plant–RKN interactions
that explicitly couples plant physiology and pest demography, including both
the known effect of pests on crop and crop on pests. Based on a mechanistic
description of resource acquisition and transport, the plant model represents
both vegetative and reproductive phase. The RKN model includes the free-
living larval stage and the nematode development stages within the plant root.
The model was calibrated on two plant species, tomato and pepper, with or
without nematode inoculation. Model calibration is a challenge, as it relies on
heterogeneous and fairly scarce data. Indeed, plant experiments focusing on
roots are necessarily destructive, hence the scarcity of data and the need to
incorporate data from different experimental sources. The model was then used
to analyse the complex interplay between plant physiological traits, phenology
and nematode biology that affects system dynamics. Eventually, the model will
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help to identify the plant traits that characterize susceptible and tolerant plants,
opening new perspectives for varietal selection.
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