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Setting thescene

Why shouldwe aimfor low carbon(equivalen)-emitting farming
practices?



Wheatyieldsin Europaeacheda plateauwsincethe mid1990s
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This trend can be explained by several conflicting factors.

Positive effectsof breeding
VS

Negative effectdue either to the

evolution of agricultural practices or

climate change

annual average temperature
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Fig. 3. Evolution of the annual average temperature (°C) from 1924|to 2019 at
Clermont-Ferrand, France.
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Wheat yields using RCP8.5 scenario for the first half of the XXI century
- Europe-

Changes in irrigated (left) and rain-fed (right) yields in the
period 2021-2050 compared to 1981-2010
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Wheat yields using RCP8.5 scenario for the first half of the XXI century

(a) RCP8.5 Mid-Century
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Wheat yields using RCP8.5 scenario fosgwmndhalf of the XXI century

Longitude

(b) RCP8.5 End-Century
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Setting thescene

The UNSustainabldevelopmeniGoals §DGp
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SDGgdirectly) relatedto the wheatagrosystemmanagement

End hunger, achieve food security and improved§j Take urgent action to combat climate change and
nutrition and promote sustainable agriculture Jits impacts

Ensure availability and sustainable management § Protect, restore and promote sustainable use of

of water and sanitation for all terrestrial ecosystems, sustainably manage
forests, combat desertification, and halt and
reverse land degradation and halt biodiversity
loss

Ensure sustainable consumption and production
patterns

United Nations, 2012025



Setting thescene

Commercial

Trans-
portation Greenhouse Gas

Emissions

U.S. Territories
0.4%

Agriculture
10.6%

C andN-cyclingin agrosystems

Carbon Dioxide
(Direct)

Methane

GWP 273 times that of CQor a
100-year timescale

(Direct)
/

Nitrous Oxide
(Direct)

Electricity-related
(Indirect)

Polymeniet al.- 2024
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Rhizosphere: region of soil directly formed and influenced by roots and associated microorganisms that are part of the plant microbiota.
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Plants designed for increased
root sink strength balanced by
increased source strength for

enhanced photosynthesis and
biomass accumulation.

Rhizosphere microbiome
designed for increased sink
strength and PGP properties.

Larger SOC pool and increased
potential for long-term carbon
storage

SOC pool

Larger and deeper
root biomass

4

Enhanced
photosynthetic
efficiency

Improved
soil health

/ ( Restructured
rhizosphere
microbiome

Janssoret al., 2021



However, the root number and root hydraulic conductance have been drastically
reduced by breeding
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Nitrogencyclingand Nutrient UseEfficiency
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Theconceptualevers

Agroecologyrinciplesandtransitioning



AgroecologyConcept

Fromthis:

Agroecologyis the application of ecological conceptsand principles to the design and
managemenbf sustainableagroecosystemsor the scienceof sustainableagriculture
(Altieri 1995 Gliessmari 990, 1997, 2013.

Tothis:

Agroecologyis the integration of research, education, action and change that brings
sustainability to all parts of the food system ecological, economic, and social L i Q&
transdisciplinaryn that it valuesall formsof knowledgeand experiencen food systemchange

L (p@rticipatoryin that it requiresthe involvementof all stakeholdersfrom the farm to the
table and everyonein between Andit is action-oriented becauseit confrontsthe economic
and political power structuresof the current industrial food systemwith alternative social
structuresand policyaction. Theapproachis groundedin ecologicalthinking wherea holistic,
systemdevelunderstandingof food systemsustainabilityis required (Gliessman2018



Agroecologyprinciplesandtransitioning

Agroecology

Scientific Discipline

\

Agron. Sustain. Dev. 29 (2009) 503-515
www.agronomy-journal.org

© INRA, EDP Sciences, 2009
DOI: 10.1051/agro/2009004

Review article
Agroecology as a science, a movement and a practice. A review

A. WezeL'*, S. BELLON?, T. DorE?, C. Francis®, D. VaLLop!, C. Davip!

, Nebraska 68583-0915, USA

Movement

Practice

(Accepted 29 Juanary 2009)
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Figure 1. Diversity of current types of meanings of agroecology.

Wezelet al., 2009
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Choosing your practice based on its potential and scope of action

Agron. Sustamn. Dev.
DOL 10 1007/513593-0130180-7

REVIEW ARTICLE

Agroecological practices for sustainable agriculture. A review

Alexander Wezel - Marion Casagrande « Florian Celette «
Jean-Francois Vian » Aurélie Ferrer « Joséphine Peigné

Wezelet al., 2014



Choosing your practice based on its potential and scope of action

Scale of application of
agroecological practice

A
Landscape Management of landscape
P elements
scale Integration of semi-natural landscape
elements at field, farm, and
landscape scales
Crop choice, spatial

Cropping distribution, and Weeg_, pest, and
svstem| temporal succession, Isease

y Agroforestry with timber, fruit, or nut management
scale trees, Natural pesticides,

Biological pest control,
Allelopathic plants

Intercropping and relay Intercropping,
Crop cholce and rotations,
Cultivar choice

Tillage

Crop

Field l;r;lagagzm?r:t fertilisation ~ Crop
SGE“E Imre seeding into Split fertilisation, Irrlga‘llon
g COVEr Grope or Organic fertilisation, Drip irrigation

mulch,
educed tillage

Biofertilizer

Wezelet al., 2014



Choosing your practice based on its potential and scope of action

Potential of agroecological practices

A

=
2
=

Crop choice
and rotations

Biological
pest control

Drip irrigation

Split
fertilisation

Cultivar
choice

medium

low

Biofertilizer

Matural
pesticides Intercropping

and relay

Allelopathic intercropping
plants

Integration of semi-natural

landscape elements at
field and farm scale

Direct seeding

Organic
fertilisation

into living cover
crops or mulch

Integration of semi-natural
landscape elements at
landscape scale

Agroforestry

low

Integration in today’s agriculture

medium

high

Wezelet al., 2014



Choosing your practice based on its potential and scope of action

U One practice caprovide
multiple services

U One services cale providedby
multiple practices

U At eachintersection, the
intensity will be different !
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every relationship
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Theconceptualevers

Soilhealthandquality concepts



Theconceptualevers

oSoil healthis the capacity of soils to provide a sink for carbon to mitigate ;
climate change and a reservoir for storing essential nutrientsustained / %
ecosystenproductivityg.

0Soil healthcan 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 ecosysteservices

Tooret al., 2021 Cérceles Rodriguez et al., 20:



Evolution of soll fertilitygquality-health assessment over time

Ecosystem Services Before 1970 c. 1970-90 c. 1990-2010 c. 2010 onwards

Soil OBJECTIVES Suitability for crop Productivity Productivity, Multi-functionality,
concepts growth environment, ecosystem services,
Cultural (aesthetic animal/human health resistance & resilience
values, recreation, etc.)
) Analytical
Regulating (climate TOOLS Visual
control, water quality and
fluxes, etc.) Soil assessment based on Soil quality test kits, High-throughput
Supporting (nutrient NEIHOR color, structure, andl(big)chemis?tr.y, methods, add
cycling, biodiversity, etc.) macrofauna multivariate statistics microbiology
Provisioning (Goods INDICATOR Few indicators Many indicators Minimum data sets Novel indicators
production) TRENDS
“Interactverdesign:
APPROACH Scientific analysis and expert advice making with end users

Global Regional  Local Field Scale

Qualitative — Multidimensional - Quantitative Assessment

Common good Private property Rights

BUnemanret al¢ 2018 ;Tooret al., 2021 Constantiniet al., 2022



Indicators/Properties to Assess Soil Health:

Texture pH Organic C

Bulk density EC C mineralization
Water-stable aggregation Nutrients (N, P, K) N mineralization
Available water holding Cation exchange capacity

capacity Base saturation

Infiltration rate Micronutrients

t

Water Nutrient Nutrient
Availability Availability Cycling

Tooret al., 2021



Knowledge gaps

Effective indicators

Defined regionally and by soil grouping across United States
Thresholds exist to at least indicate “Poor”, “Adequate”, “Good”
that are outcome based (yield, environmental goals, etc.)

* Management can be suggested to improve soil functioning

Lack of soil diversity information

Need to build a database of soil
health studies across varied soil

Examples: Standard soil test, SOC, aggregation — types

\ Lack oficorrelation between:
* Effective indicators soil healthiand crop yields
* Trend/directionality are known, potential ranges may be known - i
in some regions but not nationally Measure soil health values to
* Thresholds in various regions are either unknown or not climate, soil, management, and
disease parameters
outcome-based
* Management can be suggested to improve soil functioning [ackloT.conaistantamBline

techniques and protocols

Examples: Active C, bioavailable N, PLFA, CASH, Haney, SMAF

Need to have consistent sampling
protocols in soil assessment
procedure

* Not yet effective indicators
* |Indicators may be useful if its relationship to soil health-related

processes can be clarified Lack of objective and trusted
* Before it can be widely used, methods development must measures
improve laboratory implementation, interpretation, regional 4
application, and linkage to management impacts ~ Need to have a deliberate effort to

ensure that communication
effectively articulates

The proposed Tier 1, Tier 2, and Tier 3 indicators for characterizing

soil health bythe SoilHealthInstitute
Tooret al., 2021



The future:

Time travellingvith Triticum, a question ofrade-offs?
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Goals &
Methodology

A Assessinghe impacts of climate change and innovative farming practices on
plant productivity, nutritional quality andfitness

A Studyingthe soil functioning and the related soil microbiome as well as micro-
and mescfaunabiodiversity.

A Understandingthe reported changesin productivity, quality value of the cereal
grainsandthe suppressivenessapacityof suchsoilsagainst(a)biotic stresses

- L
solarspectrum Iight system

soil cube collected from farm




SCIENTIFQIJTCOMES

TheSeminaEcotronExperiment
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SCIENTIFIC OUTCOMES

Present Meteorological Conditions

Sowing First node Anthesis  Maturity

Juvenile period Vegetative p. Reproductive p.

[

Shoot A Nitrogen
biomass content

\( 3 QY Y A ‘I}’
biomass

Future Meteorological Conditions

Available water
profiles

Yield : “Nitrogen
. 726 %| content
Biomass :
-8 %
Grain [N] :
+19 %
C/N :
-15 %

Shoot
biomass

Available water
profiles

I water deficit stress

A Higher 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.

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

A Highersensitivityto water deficit
stress due to dimited root
growth



SCIENTIFQIJTCOMES

BIOFAIREcotronexperimentat Gembloux AgreBio Tech

TR

solarspectrum light system

Mean period precipitation mm

Mean period temperature °C

Mean Mean Hydro-thermal
Harvest .
year temperature precipitation Index
(°q) (mm) (HI)
¢ 2013 7.59 2.12 3.99
Soil cube collected from farm
2068 10.17 2.40 4.49

2085 12.10 2.98 4.74




SCIENTIFQUJTCOMES

Two soil types .
Twogeographicallglosesoiltypeswith ‘ i # W 50°3835.1474 b
identicalsoil classificatioA (Aba(b)Q, silty = ‘ 437 HHDPAMHO 9
loam, C:N = 10.5, pH =)t long-term k
contrastingmanagementhistory were i A
compared SoilOneis «low input» and — T T =L prae—A b4
conventionallymanagedwhile SoilTwois '\, 5039 MmH®dyccy b
«high input» andncreasinglyadapting 4°38 mnd®tccn 9
organicfarmingprinciples

a www.geoapps.wallonie.be

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

C N CN P K Mg Ca pH Humus Clay Silt Sand  Classifi
(gkg) (gkg) ~ (mg100g) (mg100g) (mg100g) (mg100g)  (H0) (%) (%) (%) (%) cation
S,'O" Ont}a (S1) ‘{3& . ,094 105 13.60 31.20 8.37 218.31 8.04 1.98 12.15 67.13 20.72  Siltloam
af2d AY zl €
Soil Two (S2)

G KA JK AZ);'E}dzﬂzéog 10.5 39.79 72.51 14.70 534.42 8.08 4.23 13.55 78.85 7.60  Silt loam




SCIENTIFUTCOMES

i -1
vield(that) Agronomic performance & environmental impact

2013 2068 2085 A Wheatplantsgrewfaster, taller andwith largerleaves

S1:3.790.51 S1: 4.760.37 (+26%) S1:5.020.50 (+34%) in the future phenologicabhdvance
S2: 3.5@80.34 S2:3.730.32 (+6%)  S2: 3.0%0.59 (13%)

A Total rootlengthwasmostlyincreasedn 2068 in S2

A Yieldconstantlyincreasedn the future forsoil S1
(alwaysS1>S2)

A Abioticstresswasdefeatedwith increasedoliar proline
and silicone in 2068 and 208&spectively

\A A Takeall diseasgGaeumannomycegraminisvar. tritici)
increasedn the future,moststronglyin soiltype 1 in
2085

(\[ \ Proli

A Potential soil COemissions increased (always S2>>S1),
N,O decreased

E ‘ . A Increased risk of nitrate leaching in the future (esp. S1)
Total root 3 |/ Takeallr
Lengthin S2r, +



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



SCIENTIFUTCOMES

Relative changesof B vitamins and mineral contents in wheat grains harvested under three different

meteorologicakonditions

soil type 1 soil type 2

Vitamin B1-

*%*

Vitamin B2

Vitamin B3

*kk
*%

Vitamin B5+ o
*kk
*k%

*kk
*kk

Vitamin B6-

**%
*% *
| I BN NN NN N NN BN NN NN BN N N N
-80-60-40-20 0 20 40 -80-60-40-20 O 20 40

Vitamin B9

Percentage change relative to 2013

A Overall decline in B vitamin content

Bl 2068
B 2085

b

K
Cl+
Ca-

=
Mg
Fe—
Zn—
Mn =
Cu-
Mo
B -

soil type 1 soil type 2

Bl 2068
B 2085

r 1 1 1 1 11T 1 1T 11111
-80-60-40-20 0 20 40 -80-60-40-20 0 20 40

percentage change relative to 2013

A Overall decline in mineral content



Key Findings of the BIOFAIR Project

Key Scientifi¢-indings

Reducedvheatyieldsunderdrought minor gaindrom elevated/ h i
Grainmicronutrient& B-vitamin contentdecreasedinderclimatechange
Higherroot diseaseiskin future climates(e.g.take-all fungus)
Soilbiodiversityshiftswith climate moreactivityr Y prddBctivity

FarmingPractices &SoilHealth

Reducedillage improvesbiodiversitybut mayreduceyield
SO@nhancingpracticesincreasemicrobialactivity but risk/ h emissions
Organicsystemsshowbetter droughtresiliencein somecontexts

Stakeholder Impact
3 co-creationworkshopsshapedexperimentaldesign
Bakingtestsconfirmedlab resultswith industrystakeholders

Policy &PracticalRelevance
InformsEUpolicieson soilhealth, food security andclimate adaptation
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