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A complex multi-scale ecosystem

Imagine a single blade of glass.

Beneath it, the rhizosphere - a living
foundation where roots weave ...

... through a dark cathedral of
car@n where microbes dance.

Above it, Atlantic winds whisper
climate secrets from centuries past.

Between them, our models bridge scales no human eyes can see.
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Integrated modelling of microbial-plant interactions in
multi-species agroecosystems: the project MODIMIV

.

Interactions between plant and soil microbial diversity are MODIMIV develops integrated, explicit and dynamic simulators of these

essential for regulating Cand N cycling in agroecosystems interactions in multi-species vegetation covers (e.g. grassland systems) to better
;> simulate Cand N fluxes while synchronising nutrient supply and demand.
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Agricultural production system
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e.g. C3/C4 plants, trees-forbs-legumes;
biomass production, nutrient uptake

1

e.g. Bacteria, fungi, nematodes;
decomposition, N-fixation
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\ Plant exudates & allelochemical production

Interactions between plants and microbes:
e.g. root exudates inﬂuencing microbial communities

S Nutrient & water cycling o
+ N cycling
» C cycling

+ Water cycling

Climate
e.g. temperature,
precipitation

e.g. texture, pH,
_nutrient content
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Expanding perspectives on dynamic modelling of plant-microbe
interactions for sustainable management of multispecies plant covers. A

review

Rodriguez, A.}*, Adam, L.}, Alvarez, G.!, Bérard, A%, Bloor, ]M.G.!, Carozzi, M.*, Cavalli, D.?,
Cébron, A.%, Fontaine, S.!, Martin, R.!, Trinchera, A.”, Warren Raffa, D.”, Bellocchi, G.!

Rodriguez et al. (under revision)
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Modelling the interactions between microbial and plant diversity in
multi-specific agrosystems: Detailed analysis of the regulatory
mechanisms governing carbon and nitrogen fluxes

Develop new
toy models

Build on
established
frameworks
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Community N exudation
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1 Introduction
1.1 Sustainable agroecosystem management and the role of modelling
1.2 Integrated models for ecosystem service prediction in agriculture
1.2.1 Plant biodiversity in models: current - aches and traits

1.2.2 Microbial biodiversity in - \“\Gs ud integration challenges
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2.1 Plant an” sc’o Lty metrics
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~.2 Integrating plant and microbial functional diversity into biogeochemics’

1.3 Goals and outline

..Z. Trait-based functional diversity: bridging biodiversity to processes

3 Plant-microbial diversity interactions
3.1 Plant traits and microbial functional groups as drive~ <
3.2 Translating interactions into model struct- ‘(\Qo
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4 Plant-microbial dynamics in biogeochem’ 600 _astorical foundations and contemporary
advances a(\
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42 Th~ - \\0\)“ .y explicit models and their evolution
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5.2 Challenges and scales in modellin~ e‘é\ _aons
5.3 An integrated biogeocher “6 \“ _s1ty modelling case study
5.3.1 Integr-"" \ooy\ .oy and soil C dynamics
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s \e‘\g -uolio of initiatives and techniques

0\\3 -.4.1 Big data and computational advances

schemistry and biodiversity modelling: managing complexity

5.4.2 Interdisciplinary collaborations, data integration and upscaling

Rodriguez et al. (under revision)

6 Conclusion
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1770s-1870s: Emergence of
quantitative approaches, early
discussions on soil fertility

1770s-1870s: Dawn of
Agricultural Chemistry
and fertiliser developments

Late 19th century-early 20th
century: Initial nutrient
cycle conceptualisation
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Late 19th century-
early 20th century:
Initial nutrient cycle
conceptualisation

Late 19th century-
early 20th century:
Advancements irplant

physlology

1930s-1940s:
- Commercialisation
of Hydroponics
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Late 20th century-early
21st century:
Evolution of models
reflecting environmental

factors
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1930s-1980s: Biogeochemical
models on C and N dynamics

1950s-1980s: Green

Revolution and
mechanisation

2010s-present:
Advanced models
incorporating microbial
processes

2010s-present:

Focus on regenerative
agriculture and
bioengineered crops
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Mechanism and main Link to existing :
Nematode group . . Integration level
impact modelling

Root biomass
Phytophagous consumption: a stress

Decreases the N
acquisition rate and the Plant dynamics

nematodes facto’r (sph.y). reduges the C supplied to (stress)
(Nema,,) plant’s efficiency in . .
¥ . storers/mineralisers
acquiring N and C.
Population regulation
Bacteriophagous (top-dowq mort.allty)l 2 Accelerates the
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nematodes . o conversion of microbial N Microbial and N
N mineralisation flux . ) .
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efficiency of existing o) - or plant C-N
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Unmodeled extention/New feature
Big Monolitic Model Modularized Big Model

Artificial Process Modeling (APM) for
the Al Scientist

Set of moduls with module descriptions

From monolithic scientific codes to composable, knowledge-grounded world models

HIUN Hungoriar — tmodd
uman Inpu
Q Roland Hollos REN Research P moese
' Network
Simplified model New simple model
The use of Al at the HUN-REN Centre for Agricultural Research is expected to deliver even Y

higher-quality results in the future. As part of HUN-REN Headquarters’ Al 4 Science programme,
ambassadors are supporting the work of researchers across the network's research centres.

Extended model
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