
HAL Id: hal-01398291
https://inria.hal.science/hal-01398291v1

Submitted on 3 Jun 2020

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Characterization of mango tree patchiness using a
tree-segmentation/clustering approach

Pierre Fernique, Anaëlle Dambreville, Jean-Baptiste Durand, Christophe Pradal,
Pierre-Eric P.-E. Lauri, Frédéric Normand, Yann Guédon

To cite this version:
Pierre Fernique, Anaëlle Dambreville, Jean-Baptiste Durand, Christophe Pradal, Pierre-Eric P.-E. Lauri, et al..
Characterization of mango tree patchiness using a tree-segmentation/clustering approach. 2016 IEEE Inter-
national Conference on Functional-Structural Plant Growth Modeling, Simulation, Visualization and Appli-
cations (FSPMA 2016), Nov 2016, Qingdao, China. pp.68-74, ⟨10.1109/FSPMA.2016.7818290⟩. ⟨hal-01398291⟩

https://inria.hal.science/hal-01398291v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Characterization of mango tree patchiness using a tree-segmentation/clustering approach
Pierre Fernique 1, 2 Anaëlle Dambreville 3 Jean-Baptiste Durand 4, 2 Christophe Pradal 2, 1 Pierre-
Eric Lauri 1 Frédéric Normand 5 Yann Guédon 1, 2

1 UMR AGAP - Amélioration génétique et adaptation des plantes méditerranéennes et tropicales
2 VIRTUAL PLANTS  -  Modeling  plant  morphogenesis  at  different  scales,  from  genes  to 
phenotype
Centre  de  coopération  internationale  en  recherche  agronomique  pour  le  développement 
[CIRAD] : UMR51, INRA - Institut National de la Recherche Agronomique, CRISAM - Inria  
Sophia Antipolis - Méditerranée
3 LEPSE - Écophysiologie des Plantes sous Stress environnementaux
4 MISTIS - Modelling and Inference of Complex and Structured Stochastic Systems
Inria  Grenoble  -  Rhône-Alpes,  INPG -  Institut  National  Polytechnique  de  Grenoble  ,  LJK - 
Laboratoire Jean Kuntzmann
5  HORTSYS  -  Fonctionnement  agroécologique  et  performances  des  systèmes  de  cultures 
horticoles
Abstract : 
**Research  focus**:  Like  many  other  tropical  trees,  mango  tree  is  characterized  by  strong 
phenological  asynchronisms  between  and  within  trees,  entailing  patchiness.  Patchiness  is 
characterized  by  clumps  of  either  vegetative  or  reproductive  growth  units  (GUs)  within  the 
canopy: while some parts of the tree canopy develop vegetative GUs, others may remain in rest  
or produce inflorescences at  the same time. These asynchronisms concern more or less large 
branching  systems.  The  objective  here  is  to  define  statistical  methodology  to  identify  and 
characterize patchiness patterns. 
**Methods**: Tree-indexed data are used as plant architecture representations and it is assumed 
that patches can be assimilated to a partition of tree-indexed data into subtrees. It is therefore 
assumed that there are subtrees within which the characteristics of the botanical entities follow 
the same or nearly the same distribution and between which these characteristics have different 
distributions. The detection of such subtrees can thus be stated as tree-indexed data segmentation. 
This is the analog of the sequence segmentation problem in the context of tree-indexed data. The 
output of the segmentation procedure is a partition of trees such that each subtree is different 
from each other while two non-adjacent subtrees can be very similar. We therefore propose a two-
stage  tree  segmentation/clustering  algorithm  based  on  the  previous  segmentation  procedure 
combined with a mixture model in order to group non-adjacent similar subtrees. The mango trees 
were located in the experimental orchard of the CIRAD research station in Saint-Pierre, Réunion 
Island.  Five  mango  trees  were  described  at  the  GU  scale  for  7  cultivars  (Cogshall,  Jose, 
Kensington Pride, Irwin, Kent, Nam Doc Mai, Tommy Atkins). These trees were fully described 
for 2 growth cycles. 
**Results**: The patches detected using the tree segmentation/clustering algorithm had various 
compositions and sizes. The empirical distributions of patch size were used to compare cultivar 
behaviours.  Irwin had the largest patches,  in contrast  to  Tommy Atkins that had the smallest 
patches. Jose was a the cultivar with the most heterogeneous patch sizes. Maximum a posteriori 
assignment of subtrees to clusters yields information about patch type distributions in cultivars. 
The most marked differences concerned Tommy Atkins, which had only 2 categories of patches, 
with flowering patches being quasi-absent and partly compensated by a significant proportion of 
flowers in resting patches. 
**Conclusions**: We here propose a new approach for characterizing mango tree patchiness. 
This enabled to compare the phenology and architecture of mango cultivars on a more objective 



basis. One strength of this approach is the representation of non-local dependencies within tree-
indexed data. This is a mandatory property for identifying patchiness patterns at various scales 
within trees and we expect numerous application of this new paradigm for analysing tree-indexed 
data.
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