Proceedings of the 7" International Conference on Functional-Structural Plant Models, Saariselké, Finland, 9 - 14 June
2013. Eds. Risto Sievdnen, Eero Nikinmaa, Christophe Godin, Anna Lintunen & Pekka Nygren.
http://www.metla.fi/fspm2013/proceedings. ISBN 978-951-651-408-9.

CyberPlantS: a European initiative towards collaborative plant modeling

Michagél Chelle', Christophe Godin?, Risto Sievanen®, Jan Vos®*,
Mathieu Javaux’, Gerhard Buck-Sorlin®, Hartmut Stiitzel’, Ana Maria Tarquis8 et al.*

'INRA, France, 2INRIA Virtual Plants, 34000 Montpellier, France, *Finnish Forest Research Institute,
Vantaa, Finland, “Wageningen University, 6700 AK Wageningen, the Netherlands ’Université Catholique
de Louvain, 1348 Louvain-la-Neuve, Belgium,°’Agrocampus Ouest, 49000 Angers, France,’Leibniz
Universitat Hannover, 30419 Hannover, Germany, $Technical University of Madrid, 28040 Madrid, Spain
* other contributing partners: U. of Géttingen (G), ECP (F), Forrest Research (UK), KeyGene N.V. (NL),
Agralis (F), Simosol Oy (FI), CIRAD (F), IRTA (SP), Phillips Research (NL), U. of Reading (UK).
Correspondence: chelle@grignon.inra.fr

Highlights: The current European research landscape of 3D plant modeling shows fragmentation and
critically lacks coordination. The CyberPlantS initiative aims at creating the first European network on
advanced plant simulation systems and associated e-infrastructure. The network will aim at innovation in
computational plant modeling with a focus on plant architecture and plant-environment interactions. It is
focused on the development of a new paradigm, namely cyberplants. Cyberplants refers to cybernetic
systems, as biological and environmental components of vegetation exchange signals to achieve specific
goals. Cyberplants also refers to cyberspace, which designates a collaborative approach based on a network
community relying on a cyberinfrastructure.
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Vegetation management faces challenges arising from a shift in perception of the roles of agriculture and
forestry. It is expected to ensure food security, preserve the environment (diminish pollution, preserve
biodiversity), provide materials for bio-economy, improve quality of life, and substitute fossil resources. To
face these challenges in an increasingly complex and rapidly changing context (climate, land use, world
economy, etc), new vegetation management strategies have to be developed. In parallel to field trials,
modeling and simulation tools are necessary to address such a complexity. Models have already been used
for vegetation management and have proven their potential benefit. However, the development of vegetation
management in the changing context of a sustainable future, where plant canopies will become spatially
more heterogeneous (providing low inputs to vegetation, preserving biodiversity, developing new
cropping/forestry systems like intercropping, etc) and where current statistical correlations linking the plant
functioning and environment may become erroneous, will impose new constrains on vegetation models.
Future models should thus be able to explicitly deal with feedback loops between individual plants and their
local environment (where environment consists of the physical surrounding above and below ground, but
also the biotic environment including neighboring plants).

In the 1990’s, pioneering scientists recognized the importance of developing models of plant growth,
which explicitly represented plant architecture in three dimensions. They started to design Functional-
Structural Plant Models and associated software platforms. Emphasis on combining plant function with plant
structure, irrespective of the target of the application (agriculture, horticulture, forestry), has been a cohesive
force. Different modeling approaches and systems have been developed, but inter-operability among them is
just beginning to emerge. The current European research on 3D plant modeling shows fragmentation and
lacks coordination. Developing a European strategy in the domain of 3D plant simulations is becoming an
urgent necessity. The CyberPlantS initiative aims at creating a European network on advanced plant
simulation systems and associated cyber-infrastructure. This initiative gathers scientists in ecophysiology,
agronomy, and forestry as well as in physics, mathematics, and computer science, for the development of a
new paradigm, namely cyberplants. This term is intended to highlight three key aspects of the new concept:
1) the term “cyberplants ” refers to the cybernetics approach, which aims at studying complex, dynamical,
goal-oriented systems. A cyberplant therefore consists of modular, fully interoperable and interchangeable
computational components. ii) “cyberplants ” refers to cyber-space, as it is intended to create a collaborative
framework based on a network community and relying on an e-infrastructure. (iii) It finally refers to the
future generation of students and scientists who are subjected to live in an increasing digital world.
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