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10 April 2008 
 

Agropolis Fondation  
 

 “COMPUTATIONAL PLANTS AND ECO‐SYSTEMS” [CfP 2008‐03]  
APPLICATION FORM‐ CONCEPT NOTE 

 
The size of the boxes in this sheet can be changed according to requirements but the total length should not exceed 4 
pages, completed by the 1 page budget. Total length 5 pages. For all categories details in the format of the 
applicant's choice can accompany the description provided in the table. The form must be written in English.  
 
GENERAL INFORMATION ABOUT THE PROJECT 
Project identification 
 

Leave this box blank 

Full title 
 
 
Short title 
 

Development of a toolbox for the modelling and simulation of retroactions between plant 
growth and plant biomechanics. 
 
Development of a biomechanical toolbox – Acronym : PlantBioM.lib 

The RTRA axes concerned 
(IPB1, IPB2, STDI1, STDI2, 
STDI3) 
 

IPB1: Integrative Plant Biology 1 : Genetics and genomics, plant breeding, ecophysiology 

Project leaders 
(Name, forename, unit) 
The proposal is submitted 
jointly by two units, and led by 
a couple of projects leaders 
who work in twos , one from 
the agricultural sciences and 
the other from Maths & ICST     

Dr Thierry FOURCAUD, CIRAD, UMR AMAP, Montpellier 
 
Dr Tancrède ALMERAS, CNRS, Laboratoire de Mécanique et Génie Civil (LMGC), 
Montpellier) 

The units’ supervisory 
institutions 
 

CIRAD – CNRS – INRA – IRD – Univ. Montpellier II 

Postal address 
E-mail address 
Tel./fax 

UMR AMAP 
botAnique et bioinforMatique de l'Architecture des Plantes 
TA A-51/PS2 (Bât. PS II, Bur. 105)  
Boulevard de la Lironde 
34398 MONTPELLIER CEDEX 5 (FRANCE) 
Tel: (0) 4 67 61 58 35 
Fax: (0) 4 67 61 56 68 
 
LMGC UMR 5508 CNRS/Université Montpellier 2 
Place E. Bataillon, cc048 
34095 Montpellier cedex 5, France 
Téléphone : +33(0)467 14 34 31 
Fax : +33(0)467 14 47 92 

Participating units within the 
RTRA  
 

UMR AMAP 

French partner units outside 
the RTRA 
 

UMR LMGC, Montpellier 
Digiplante, INRIA Saclay 

Foreign partners (countries, 
institutions)  
 

Chine, Laboratoire d’Informatique, d’Automatique et de Mathématiques Appliquées 
(LIAMA), Institute of Automation – Chinese Academy of Sciences ; 
Chine, Ecole Centrale de Pékin, Beihang University 
UK, Timber Properties Programme, Forestry Commission 
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Project duration (in months) 
 

12 months 

Total funding requested from 
the Foundation 
 

21 380 euros 

CATEGORIES OF REQUEST  

 
Categories of requests  
- Give the number and 

duration whenever relevant 
for each category.  

- For packages involving 
several categories, please 
provide a descriptive 1-page 
summary sheet -free 
format- for each request , to 
be annexd to the present 
Concept Note  

- In the case of doctoral 
fellowship, give the Ecole 
Doctorale intended for 
registration 
 

 
Category 7.3 : Support for the preparation of any type of proposal under Categories 1 to 
6 (either research or training by research) 
 
AND 
 
Category 7.6 : Support for small exploratory, risky and innovative projects (proof-of-
concept studies, new frontier research) including projects focused on training by research 

PROPOSAL DESCRIPTION 

0. Summary 
 
Provide an accurate 
description of the proposal  
(1 page max):  
a) Objectives 
b) Actions planned 
c) Expected outputs 
d) Milestones and deliverables 
e) Overall coherence and the 
role of the various partners 
f) In the case of application 
concerning a structuring 
scientific platform, explain the 
coherence and complementarity 
of the proposal with local, 
national or international 
existing schemes and facilities 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a) This project aims at developing a library of biomechanical tools devoted to the 
simulation of retroaction processes between plant growth and its mechanical state at the 
individual scale. The deliverables of this preliminary work will enhance the international 
expertise of Montpellier network in this topic, and help to build subsequent national and 
international projects, in particular with a contribution to the proposal on “tree 
biomechanical acclimation to mechanical stress” that is in preparation and to be submitted 
to the EU FP7. 
 
b) This library will be developed in Java programming language (compatible with current 
growth models and platforms that are developed in other projects) based on previous 
studies carried out by the involved teams (see the list of references), but will be designed 
in order to allow the interactions with plant growth simulators to be easily performed via 
1- the stepwise extraction of structural information; 2- the stepwise modification of growth 
parameters (e.g. maturation strains, branching probabilities, sinks of assimilates, 
allometric rules) with regards to the current mechanical state of the plant. The 
biomechanical model will be based on the beam theory and the solver derivate from the 
Finite Element Method. The toolbox can be split into several independent modules (mesh, 
beam section, material properties, biomechanical pre-stresses for woody plants, assembly 
of the stiffness matrix, assembly of the force matrix, solver of linear and non-linear 
systems for static and dynamic problems, field and history outputs, manager of cumulated 
field output, connections with plant growth parameters), which could be developed 
separately by different people. The project will be managed as follows: 
- The designing and co-ordination of the toolbox development will be insured by the 
project leaders in collaboration with plant growth modellers involved in the project 
(Digiplante INRIA team and LIAMA).  
- The library (see list of modules above) will be developed by Master students or students 
coming from engineering schools (Montpellier University, Ecole Centrale de Pékin). 
- First simulations of full interaction between plant growth and plant biomechanics will be 
performed at the end of the project; 
 
c) This preliminary project will strengthen the modelling and simulation capacities of the 
local plant biomechanics network and as a consequence will place the Agropolis 
Fondation network as an international leader in this topic.  
Project leaders are already in charge of a modelling and simulation task to be proposed in 
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the framework of an EU project on “tree biomechanical acclimation to mechanical stress”. 
This project is already under construction, and this task will be based on the preliminary 
results coming from the present action. 
 
d) The following milestones and deliverables are expected during this one year project : 
- a global scheme explaining the content and methods of the toolbox to be developed 
(month 1); 
- the biomechanical modules as listed in section a), and their specifications (month 7); 
- a compilation of modules specifications under the form of a reference manual (month 
10); 
- results of first simulations and publication (month 12).  
 
e) The projects leaders are recognized as international experts in tree biomechanics, with a 
particular focus on the modelling aspects. Their respective labs are involved in researches 
on plant architecture and plant growth modelling, including biomechanics (UMR AMAP) 
and tree and wood biomechanics (LMGC).  
The Digiplante INRIA team develops models (Greenlab) and simulators of plant growth in 
connection with the UMR AMAP and the French-Chinese LIAMA. This growth model is 
based both on functional processes (assimilate production and allocation) and different 
scales of plant structural description. LIAMA has also developed this model as a toolbox 
(GreenScilab) in the Scilab software. 
The Ecole Centrale de Pékin can provide high quality students working in projects in 
collaboration with LIAMA.  
The UK Forestry Commission is the main European partner involved in the EU project on 
“tree biomechanical acclimation to mechanical stress” to be submitted in 2009. The 
biomechanical library could be exported in their simulation platforms devoted to risk 
assessment of wind damage in forest and wood quality. 
 

 
 
I. Scientific quality of the proposal: originality, innovativeness, feasibility 
I.1. State of the art, context 
 
 
 
 

The response of plants to mechanical stress is known as thigmomorphogenesis (Jaffe, 
1973) and is of major interest in number of research fields. As a first example, such 
processes can affect wood quality in trees, i.e. mechanical performances, material 
heterogeneity and mechanical instability of wood products, due to the formation of 
reaction wood that is the main motor of woody axes tropisms (gravitropism, phototropism, 
etc.). An other example is concerned with ecology, where the ability of plants to resist 
wind damage or buckling is a important factor of forest dynamics. 
 
Despite many experimental investigations already carried out on this phenomenon, the 
underlying physiological mechanisms are still poorly understood (Telewski 2006). 
Numerous hypotheses introduce the concept of plant optimal shape (Niklas, 1992; 
Mattheck and Breloer, 1995), but this concept is still unclear due to the diversity of growth 
objectives that are associated to different plant organs, as well as the different loading 
types that can be considered, i.e. static or dynamic loading (Niklas, 1998). 
 
Complementary cited in the text references: 
Jaffe MJ. 1973. Thigmomorphogenesis: The response of plant growth and development to 
mechanical stimulation. Planta 114: 143-157. 
Mattheck C,  Breloer H. 1995. The body language of trees. London: HMSO. 
Niklas K.J., 1992, Plant Biomechanics An Engineering Approach to Plant Form and 
Function University of Chicago Press. 
Niklas K.J., 1998, Effects of vibration on mechanical properties and biomass allocation 
pattern of Capsella bursa-pastoris (Crucierae), Annals of botany, 82:147-156 
Telewski FW, 2006, A unified hypothesis of mechanoperception in plants. American 
Journal of Botany 93(10): 1466-1476. 
 

I.2. Originality, 
innovativeness of the 
proposed project 
 

Simulation models constitute a useful alternative to experimental studies, allowing 
hypotheses concerning growth strategies, e.g. carbon allocation under mechanical stress, 
to be formulated and tested. Such simulation tools must integrate both growth processes, 
in particular tree architecture (Cournède et al., 2006), and plant biomechanical responses, 
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e.g. tropisms. This last point is highly original. Similar models have already been 
developed in the AMAP lab for trees (Fourcaud et Lac, 2003; Fourcaud et al., 2003), or by 
Alméras et al. (2002) at the branch scale but they do not consider the full retroaction of the 
mechanical state on tree growth, i.e. the different dry matter partitioning strategies for a 
given biomechanical objective. 
 
The goal of this project is to provide a generic toolbox that will allow studying these 
retroactions through simulations taking into consideration tree architecture, primary and 
secondary growth processes, as well as the biomechanical response originating from 
reaction wood formation (Alméras et al. 2005). An example of very innovative application 
of such a tool will be to generate theoretical plant ideotypes based on biomechanical 
adaptative strategies determined by optimal control algorithms (see PhD thesis proposed 
by AMAP within the framework of “Contrats Jeunes Scientifiques en partenariat avec 
l’INRIA”. 
 

I.3. Competences of the teams 
involved in the proposal  
- Describe the specific skills 

and coherence of the 
teams involved  

- List 5 noteworthy 
publications (can be given 
in a annexd sheet) 

 

This project will enhance existing and open new collaborations between the involved 
partners. The highly disciplinary complementarities of the different teams (mathematics, 
computer sciences, biomechanics, biology) will increase the chance of success. The plant 
growth modelling expertise will be cover by the Digiplante INRIA team in connection 
with LIAMA, the developments of biomechanical modules will be supervised by UMR 
AMAP and LMGC, which are the two main units specialized in plant biomechanics in 
Montpellier, in collaboration with Ecole Centrale de Pékin that will benefit from this 
project to open new educational perspectives in this topic. The UK Forestry Commission 
will be associated to this project as experts for applications in forestry and wood quality. 
They will play also a important role as a relay with EU projects that are under construction 
in the topic of “tree acclimation to mechanical stress”. 
 
Publications (see the list of partners and relevant publications in annex A) 
 

 
II.1. Interactions between 
RTRA units 
- Involvement of new 

interactions or 
reinforcement of existing 
collaborations? 
 

Even this project is submitted separately, it is connected to other RTRA proposals. In 
particular there will be strong links with: 
- the project C2A submitted by Philippe de Reffye (Digiplante INRIA team) and 

Jérémie Lecoeur (SupAgro, UMR LEPSE); 
- the project Plants and Light submitted by Jean Dauzat (CORAD, UMR AMAP) and 

Cyril Soler (AGRIS INRIA project), which is of the same nature than our project, and 
which can be used in association with biomechanics in multi-physics simulation of 
plant growth. 

 
The above connection could be performed via the implementation of the biomechanical 
libraries and models in simulation platforms developed in other projects (CAPSIS, ALEA, 
VITIS). 
 

II.2. Interactions between 
RTRA Axes and sub-axes  
- Involvement of new 

interactions or 
reinforcement of existing 
collaborations? 
 

This project is based on multidisciplinary researches and will involve new interactions 
between the RTRA network (represented by AMAP), Mathematics & ICST (Digiplante 
INRIA team) and MIPS (LMGC).  
It will be also supported by international collaborations (Ecole Centrale de Pékin, LIAMA, 
Forestry Commission). Most of these collaborations already exist through participation to 
international projects (French-Chinese partnership, European projects, e.g. Ecoslopes) and 
will be reinforced.  
Ecole Centrale de Pékin will be a new educational partner for Montpellier teams, but has 
already strong connections with LIAMA. 
 

II.3. Interactions between 
disciplines, interactions 
between social and bio-
technical sciences  
- Involvement of new 

interactions or 
reinforcement of existing 
collaborations? 

This project answer the RTRA call conditions in terms of multidisciplinary, as it involves : 
- mechanics of material and mechanics of structures; 
- applied mathematics for the development of calculation methods and plant growth and 
biomechanics models; 
- biology, as plant biomechanics is based on fundamental knowledge on active responses 
associated to primary and secondary growth; 
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II.4 Interactions between 
temperate, Mediterranean 
and tropical  
issues to be tackled by the 
proposal  
 

This project has a generic character and can be applied to different plant species, 
especially woody plants, and environmental contexts. 

II.5. Partnership 
strengthening  
- Explain the respective 

contribution of each 
partner 

- Involvement of new 
partnerships or 
reinforcement of existing 
collaborations? 

This project will reinforce existing collaborations between :Chinese partners (LIAMA, 
Ecole Centrale de Pékin) and AMAP, and extend these collaboration network to LMGC.  
 
The thematic partnership between Chinese en French units, which is historically 
concerned with plant growth modelling, will be extended to plant biomechanics. LIAMA 
partner can take benefit of this collaboration to implement the biomechanical library 
within the GreenScilab toolbox developed in the Scilab software by Mengzhen Kang. 
 
The partnership with Ecole Centrale de Pékin will give the opportunity to involve an 
educational partner and to transfer knowledge in plant biomechanics to high level 
engineers in China. 
 
UK Forestry Commission will be also involved in this partnership, with a strong interest in 
connecting the simulation tools to their simulation platforms devoted to risk assessment of 
wind damage in forest and wood quality. 
 

II.6. Contribution to 
increasing international 
attractiveness 
 
 

The presence of all these disciplines, modelling tools and expertise in Montpellier 
constitutes a great opportunity for the RTRA to be the international leader in the 
development of numerical tools devoted to research in plant biomechanics, as such a 
context is probably unique in the world up to now. 
 
A bibliographic research carried out on ISI Web of Sciences on keywords “plant” OR 
“tree” AND “biomechanics” shows that on all referenced years, 279 papers have been 
published worldwide, 45 being published by French scientists and 34 involving 
researchers from Montpellier, i.e. more than 10% of international publications on the 
subject. 
 

III. Relevance to socio-economic and sustainable development issues 
 

- Explain the relevance and 
impact of the project in 
relation to socio-economic 
issues and sustainable 
development.  

 

Research in plant biomechanics is considerably growing today due to the increasing 
interest in plant survival in a context of global warming and climate change. The 
devastating storms that hit Europe at the end of the 20th century have indeed speed up 
researches on crop lodging and tree wind firmness. Understanding the capacities of plants 
to adapt their growth and regulate their shape in order to improve their mechanical 
stability is a key issue in ecology and forest management.  
 
Moreover, it is well known that these processes of acclimation in trees, and in particular 
the slow movements (tropisms) due to the formation and maturation of reaction woods 
have negative technological consequences on wood quality. Simulating the interaction 
between tree growth and tree biomechanics can help in predicting the biomechanical 
consequences of breeding programs for wood quality. 
 
The biomechanical toolbox in connection with growth models could be also used for 
training and education. 
 

IV. Value addition 
 

- Explain  which will be the 
added value of the 
Foundation’s financial 
support as compared to 
other sources of funding 
(ANR, EU, others) 

 
- Explain to which extent 

As it was mentioned above, the strong competencies of Montpellierian teams in the 
different disciplines that are involved in this project justify having a local financial 
support. This project will bring better visibility and recognition of the local resource 
capacities in plant biomechanics at the international level.  
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the Foundation is the most 
appropriate funding source 
for the proposed initiative. 
 

- Explain which is the 
expected leverage effect 
of the Foundation’s 
funding   
 

V. Other information 
V.1. Counterparts brought by 
the unit 
 

This project will be associated to an AMAP PhD thesis (2008-2011) on “Modelling the 
interaction between tree biomechanics and tree architecture. Theoretical study of plant 
growth strategies under biomechanical control through a simulation approach”, that has 
been submitted to the 2008 INRA call “Contrats Jeunes Scientifiques en partenariat avec 
l’INRIA”. This project has already passed a first selection, and we hope it will be funded. 

V.2. Budget (annual/ total)  
Please fill in the attached form 

21 380 Euros 

V.3 Environmental , ethical 
and gender issues 
 

 

V. 4. Other useful 
information 
 
 

See the list of partners and relevant publications in annex A. 
All partners have been contacted and have given their agreement to participate to this 
project. 

 
 
 

 


