N
N

N

HAL

open science

Toward a functional-structural model of oil palm

accounting for architectural plasticity in response to

planting density.

Raphael P. A. Perez, Rémi Vezy, Loic Brancheriau, Frédéric Boudon, Doni

Artanto Raharjo, Jean-Pierre Caliman, Jean Dauzat

» To cite this version:

Raphael P. A. Perez, Rémi Vezy, Loic Brancheriau, Frédéric Boudon, Doni Artanto Raharjo, et al..
Toward a functional-structural model of oil palm accounting for architectural plasticity in response
to planting density.. FSPM 2020: Towards Computable Plants. 9th International Conference on
Functional-Structural Plant models, Oct 2020, Hanovre, Germany. hal-03053584

HAL Id: hal-03053584
https://hal.inrae.fr /hal-03053584
Submitted on 11 Dec 2020

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 dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.inrae.fr/hal-03053584
https://hal.archives-ouvertes.fr

Book of Abstract FSPM2020

Toward a functional-structural model of oil palm accounting for architectural
plasticity in response to planting density

Raphaél P.A Perez!, Rémi Vezy?, Loic Brancheriau®, Frédéric Boudon?, Francois Grand?, Doni
Artanto Raharjo*, Jean-Pierre Caliman* and Jean Dauzat?

1CIRAD, UMR AGAP, F-34398 Montpellier, France.
AGAP, Univ Montpellier, CIRAD, INRAE, Montpellier SupAgro, Montpellier, France.
2CIRAD, UMR AMAP, F-34398 Montpellier, France.
AMAP, Univ Montpellier, CIRAD, CNRS, INRAE, IRD, Montpellier, France
3CIRAD, UPR BioWo0EB, F-34398 Montpellier, France.
BioWooEB, Univ Montpellier, CIRAD, CNRS, INRAE, IRD, Montpellier, France
4Sinar Mas Agro Resources Technology Research Institute (SMARTRI), Libo Estate, Kandis, Pekanbaru, Riau,
Indonesia

For correspondence: raphael.perez@cirad.fr
Keywords: FSPM, Lidar, phenotypic plasticity, plant architecture, planting density
Abstract

Functional-structural plant modelling approaches (FSPM) open the way for exploring the
relationships between the 3D structure and the physiological functioning of plants in relation
to environmental conditions. FSPMs can be particularly interesting when dealing with
perennial crops like oil palm, for which research on innovative management practices requires
long and expensive agronomic trials. The present study is part of the PalmStudio project,
which aims at developing a FSPM for oil palm capable of conducting virtual experiments to
test the relevance of innovative management practiceds and/or design ideotypes.

We propose a methodological approach which integrates architectural responses to
planting density in an existing oil palm FSPM (Perez et al. 2018a b). Combining standard field
phenotyping with Lidar-based derived measurements, we manage to evaluate the phenotypic
plasticity of the main parameters required for the calibration of the 3D plant model. LiDAR
scans were processed using the PlantScan3D software (Boudon et al. 2014) to derive
phenotypic traits of leaf geometry that were compared to labour-intensive measurements.
Density-based allometries of leaf geometry and biomass are then derived from the observed
variations in phenotypic traits and integrate into the FSPM.

Our results illustrate the accuracy and the efficiency of Lidar-based phenotyping of
leaf geometrical traits. In average, we find less than 3% of difference in leaf dimensions (i.e.
rachis length) in comparison with traditional hand-made field measurements. The fast and
efficient measurements of usually labour-intensive traits such as leaf curvature allowed
estimating the plasticity of leaf geometry in response to density. We find that the main traits
affected by density were leaf dimensions (up to 15% and 25% of increase in rachis length and
petiole length respectively) and curvature (15% of increase in leaf erectness-related
parameter), whereas other structural traits like the number of leaflets per leaf remained
unchanged. Simple density-based allometric relationships were then modelled and combined
with the existing allometric-based 3D oil palm model VPalm (Perez et al. 2018a). These data
also enable the development and the integration in VPalm of a biomechanical model
simulating leaf curvature.

The methodology presented in this study paves the way for a rapid integration of
phenotypic plasticity in FSPMs. Our FSPM is now able to estimate how planting density affect
not only plant architecture but also functional processes such as carbon assimilation and
transpiration. Ongoing research aims at coupling the current FSPM with a carbon allocation
model (Pallas et al. 2013) to simulate the retroactions of functioning processes on plant
architecture together with environmental and agronomic conditions.
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A) Extract leaf geometrical traits B) Assess Lidar-based traits phenotyping

C) Estimate density-based allometries D) Render architectural plasticity in 3D mock-ups
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Figure: Overview of the methodological approach proposed to integrate in a 3D model the effect of planting density on plant
architecture. A) Lidar point clouds with the extraction of leaf geometrical attributes (length and curvature). B) Comparison of
Lidar-based vs hand-measured rachis length (left) and 3D positions for leaf curvature estimation (right). C) Example of
density-based allometry. D) 3D model outputs for conventional (left) and double (right) density.
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