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Setting the scene

Whyshouldwe aimfor low carbon(equivalent)-emitting farming
practices?



Wheatyieldsin Europe reacheda plateau sincethe mid-1990s

Le Gouis et al. - 2020



This trend can be explained by several conflicting factors.

Le Gouis et al. - 2020

Positive effects of breeding 

vs

Negative effects due either to the 
evolution of agricultural practices or 
climate change



Wheat yields using RCP8.5 scenario for the first half of the XXI century
- Europe -

European Environment Agency, 2019
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Setting the scene

The UN SustainableDevelopmentGoals (SDGs)

United Nations, 2015-2025



Social foundationvsEnvironmentalceiling

Raworth, 2017



SDGs(directly) relatedto the wheatagrosystemmanagement

United Nations, 2015-2025



Setting the scene
C and N-cyclingin agrosystems

Polymeniet al. - 2024

GWP 273 times that of CO2 for a 
100-year timescale



ά!ƎǊƛŎǳƭǘǳǊŜ ƛǎ ǘƘŜ hb9 ǎŜŎǘƻǊ ǘƘŀǘ Ƙŀǎ ǘƘŜ ŀōƛƭƛǘȅ ǘƻ ǘǊŀƴǎŦƻǊƳ ŦǊƻƳ ŀ ƴŜǘ ŜƳƛǘǘŜǊ ƻŦ /h2 to a net sequestererof CO2
τǘƘŜǊŜ ƛǎ ƴƻ ƻǘƘŜǊ ƘǳƳŀƴ ƳŀƴŀƎŜŘ ǊŜŀƭƳ ǿƛǘƘ ǘƘƛǎ ǇƻǘŜƴǘƛŀƭέ

Jansson et al., 2021

Rhizosphere: region of soil directly formed and influenced by roots and associated microorganisms that are part of the plant microbiota.
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However, the root number and root hydraulic conductance have been drastically 
reduced by breeding

Cabrera et al., 2025
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The conceptuallevers

Agroecologyprinciplesand transitioning



AgroecologyConcept

Fromthis :

Agroecologyis the application of ecological concepts and principles to the design and
managementof sustainableagroecosystems, or the scienceof sustainableagriculture.
(Altieri 1995; Gliessman1990, 1997, 2013).

Tothis :

Agroecology is the integration of research, education, action and change that brings
sustainability to all parts of the food system: ecological, economic, and social. LǘΩǎ
transdisciplinaryin that it valuesall formsof knowledgeandexperiencein food systemchange.
LǘΩǎparticipatory in that it requiresthe involvementof all stakeholdersfrom the farm to the
table and everyonein between. And it is action-orientedbecauseit confrontsthe economic
and political power structuresof the current industrial food systemwith alternative social
structuresand policyaction. Theapproachis groundedin ecologicalthinking wherea holistic,
systems-levelunderstandingof foodsystemsustainabilityis required. (Gliessman, 2018)



Agroecologyprinciplesand transitioning

Wezelet al., 2009



AgroecologyConcept

Gliessman, 2007



Choosing your practice based on its potential and scope of action

Wezelet al., 2014
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Choosing your practice based on its potential and scope of action

Wezelet al., 2014



Choosing your practice based on its potential and scope of action

üOne practice can provide
multiple services

üOne services can be providedby 
multiple practices

üAt eachintersection, the 
intensitywill be different !

Palomo-Camesinoet al. 2018



The conceptuallevers

Soilhealthand qualityconcepts 



The conceptuallevers

άSoil health is the capacity of soils to provide a sink for carbon to mitigate 
climate change and a reservoir for storing essential nutrients for sustained
ecosystemproductivityέ.

άSoil health can be defined as the ability of the soil to respond to agricultural 
practices in a way that sustainably supports both agricultural production and the 
provision of other ecosystem servicesέ.

Tooret al., 2021 ; Cárceles Rodríguez et al., 2022



Evolution of soil fertility-quality-health assessment over time

Bünemannet al ς2018 ; Tooret al., 2021 ; Constantiniet al., 2022



Tooret al., 2021



Tooret al., 2021

The proposed Tier 1, Tier 2, and Tier 3 indicators for characterizing 
soil health by the SoilHealthInstitute



The future:

Time travelling with Triticum, a question of trade-offs?



AGROECOLOGY ςValorisation Workshop ςMay 20th 2025

BIOdiversityof soils and FArmingInnovations for improved 
Resilience in European wheat agrosystems

BIOFAIR

Coordinatedby  
Liège Universityand Université Libre de Bruxelles, BELGIUM

FiBLSwitzerlandςFrick ςSWITZERLAND
FiBLEurope ςBrussels ςBELGIUM
HohenheimUniversity- Stuttgart ςGERMANY
GhentUniversityςGhentςBELGIUM
CSIC ςAlmería ςSPAIN
INRAE ςClermont-Ferrand - FRANCE
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Goals & 
Methodology

ÅAssessingthe impacts of climate changeand innovative farming practices on
plant productivity,nutritional qualityandfitness.

ÅStudyingthe soil functioning and the related soil microbiomeas well as micro-
andmeso-faunabiodiversity.

ÅUnderstandingthe reported changesin productivity, quality value of the cereal
grainsandthe suppressivenesscapacityof suchsoilsagainst(a)bioticstresses.

AGROECOLOGY ςValorisation Workshop ςMay 20th 2025

solar-spectrum light system

soil cube collected from farm



The Seminal EcotronExperiment

SCIENTIFIC OUTCOMES

2015 2094



SCIENTIFIC OUTCOMES

ÅHigher temperatures in Winter 
allowed a higher biomass 
production that limited the tillers 
number due to the competition 
for light and thus the amount of 
ears and nodal roots.

ÅLarger availability of soil water 
and nitrogen during the juvenile 
and vegetative periods under 
future climate conditions

ÅHighersensitivityto water deficit
stress due to a limited root 
growth



BIOFAIR Ecotronexperimentat Gembloux Agro-Bio Tech

SCIENTIFIC OUTCOMES

solar-spectrum light system

soil cube collected from farm



C
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N
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C:N

P

(mg 100g-1)

K
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Mg 
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Ca 
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pH

(H20)

Humus 

(%)

Clay

(%)

Silt

(%)

Sand

(%)

Classifi-

cation

Soil One (S1)

άƭƻǿ ƛƴǇǳǘέ
9.92 0.94 10.5 13.60 31.20 8.37 218.31 8.04 1.98 12.15 67.13 20.72 Silt loam

Soil Two (S2)

άƘƛƎƘ ƛƴǇǳǘέ
22.01 2.09 10.5 39.79 72.51 14.70 534.42 8.08 4.23 13.55 78.85 7.60 Silt loam

Physicochemical characterisation of the two soil types at the beginning of the experiment

50°3835.1474 b
4°37 ннΦлмно 9

50°39 мнΦуссу b
4°38 млΦтссп 9

Two soil types
Twogeographicallyclose soil types with
identicalsoilclassificationa (Aba(b)0), silty 
loam, C:N = 10.5, pH = 8)but long-term
contrastingmanagement history were
compared. SoilOne is«low input» and 
conventionallymanaged, whileSoilTwois
«high input» and increasinglyadapting
organicfarmingprinciples.
a www.geoapps.wallonie.be

SCIENTIFIC OUTCOMES



ÅWheatplants grewfaster, taller and with largerleaves
in the future (phenologicaladvance)

Å Total root lengthwasmostlyincreasedin 2068 in S2

Å Yieldconstantlyincreasedin the future for soilS1 
(alwaysS1>S2)

Å Abioticstress wasdefeatedwith increasedfoliar proline 
and silicone in 2068 and 2085 respectively

Å Take-all disease(Gaeumannomycesgraminisvar. tritici) 
increasedin the future, moststronglyin soil type 1 in 
2085

Å Potential soil CO2 emissions increased (always S2>>S1), 
N2O decreased

Å Increased risk of nitrate leaching in the future (esp. S1)

Agronomic performance & environmental impact
2013 2068 2085

S1: 3.79±0.51
S2: 3.50±0.34

S1: 4.76±0.37 (+26%)
S2: 3.71±0.32 (+6%)

S1: 5.09±0.50 (+34%)
S2: 3.05±0.59 (-13%)

Prolineҧ Siliconeҧ

Yield(t ha-1)

Take-allҧTotal root 
Lengthin S2 ҧ

SCIENTIFIC OUTCOMES



SCIENTIFIC OUTCOMES

ÅSignificant decrease in protein content in 2068 (vs 2013), whatever the soil type
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SCIENTIFIC OUTCOMES

ÅOverall decline in B vitamin content ÅOverall decline in mineral content



Key Scientific Findings
Reducedwheatyieldsunderdrought; minor gains from elevated/hі
Grain micronutrient& B-vitamincontent decreasedunderclimatechange
Higherroot diseaseriskin future climates(e.g. take-all fungus)
Soilbiodiversityshifts with climate; more activityґ ƳƻǊŜ productivity

͋ FarmingPractices & SoilHealth
Reducedtillage improvesbiodiversitybut mayreduceyield
SOC-enhancingpractices increasemicrobialactivitybut risk/hі emissions
Organicsystemsshow better droughtresiliencein somecontexts

Stakeholder Impact
3 co-creationworkshops shapedexperimentaldesign
Bakingtests confirmedlabresultswith industrystakeholders

₀ Policy & PracticalRelevance
InformsEU policieson soilhealth, food security, and climateadaptation

Key Findings of the BIOFAIR Project

AGROECOLOGY ςValorisation Workshop ςMay 20th 2025



²ƘŀǘΩǎnext?!

Contact details:

University of Liège, Gembloux Agro-Bio Tech 

TERRA Teaching and Research Center

Pr Pierre Delaplace

Plant Sciences Group 

Pierre.delaplace@uliege.be

0032 81 62 24 50
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