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Cropping systems
&
Food systems

« In everything there is a
share of everything »

[Anaxagoras] 4
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Over the course of
History, people
across the world
have developed @
wide variety of
food systems




Governance

an—-—u-ydu.ng-
«tncrmane yeldh o agrcubbural
-q‘-h.d-uhm

Barriers to adogrion

Farming
Inpuls System
£ seeqCropmax \
bulk/speciakity/civersity
Water Irmigation Pests & Db
Fertlization

Socio-
Cultural
Social Capital

Sotial equakty

Economic Growth )
Markets

Economic

0 production

Global Trade & Transport

SUPPLY-Farming A Food-DEMAND chifsD




100 years of “innovation” in
agriculture have reshaped
the world :

Motorization
Mecanization
Chemistry

=  Fertilizers

= Pesticides (crop and
animal)

Selection
= Variety
= Breed

Specialization

+S& HorsSérie

les ont rendus dépendants d'autres acteurs.:. pa Romin lonicorr

... And later on: digitalization

S&V HorsSésie- 7




Moto-Mecanization
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July of 1941 in Walla Wall County, Washington State.



Moto-Mecanization
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Moto-Mecanization

Amount of grain produced per worker [t.pers]
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1980's — 60-120cv

1970’s — 40-60cv

1960's — 20-40cv
1950's — ~20cv
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Moto-Mecanization

Amount of grain produced per worker [t.pers]

2000 /

1990's — Over 200cv

Hand-work
Light-weight harnessed
Heavy-weight
harnessed
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Towed machine
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Number of people employed in agriculture, 1900 to 2019
Agriculture includes the cultivation of crops and livestock production, as well as forestry, hunting, and fishing.
Employment includes anyone engaged in any activity to produce goods or services for pay or profit.
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Data source: Our World in Data based on International Labor Organization (via the World Bank) and historical sources -
Learn more about this data
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QurWorldinData.org/employment-in-agriculture | CC BY

Related: Employment in agriculture: Qur data sources and definition (4




Chemistry x Variety choice

Insecticides and
growth regulator
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Variety choice
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_stagnation analysis of major crops
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Spring wheat
- Winter wheat

| Bernhard Schauberger ', Tamara Ben-Arf, David Makowski®*, Tomomichi Kato®,
| HiromiKato® & Philippe Ciais (52

E E
= =l
-] h-]
] ]
> 4 > =+ 4

o o

o] a - b

1900 1920 1940 1960 1980 2000 2020 1940 1960 1980 2000
Year Year

Figure 1. Trends and growth rates for national yields of staple French crops in the 20th and 21st century. (a)Yield trends, for one-

season and season-aggregated crop species (1900-2016). (b) Yield trends, for spring and winter crop types (1943-2016).




Variety choice

Breeding is probably
what prevent yield
from declining...




Variety choice

Sustainability 2011, 3, 1742-1772; doi:10.3390/s5u3101742
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Chemisiry

World population supported by synthetic nitrogen fertilizers O e

Best estimates project that just over half of the global population could be sustained without reactive nitrogen
fertilizer derived from the Haber-Bosch process,

8 billion

7 billion

& billion Population fed by
synthetic nitrogen
fertilizers

5 billion

4 hillion

3 billion
Population

2 billion supported without
synthetic nitrogen
fertilizers

1 billion

0
1900 1920 1940 1960 1980 2000 2015

Data source: Erisman et al. (2008); Smil (2002); Stewart (2005) OurWorldinData.org/ fertilizers | CC BY

Virtually, ~50% of the
Nitrogen in your body
has gone through the
process invented +100
years ago by Fritz
Haber and Carl Bosch




@ Changements climatiques Impacts sur la qualité de l'air
ﬂ
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Gaz a effet de serre (2019) Précurseurs d'ozone (O;)
12 % des émissions wallonnes Précurseurs de particules fines (PM, )
Importation Polluants acidifiants et eutrophisants
de soja Particules
CO, N,O CH, COVWNM NO, NHg PM,,

1% 82% 71% 31% 14% 92%  14% des émissions wallonnes (2019)
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- 60 % des effectifs d'ociseaux commu
des milieux agricoles (1990 - 2020)
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Pratiques intensives
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http://etat.environnement.wallonie.be/home/Infographies/infographie-agriculture.html#:~:text=Les%20pressions%20de%20I'agriculture,rendement%2C%20en%20simplifiant%20les%20pratiques%



Specialization




Specialization
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Change in specialized and mixed farm types in selected western and
eastern EU countries in 2005 and 2016, in western (EU west) and
eastern Europe (EU east). Source from Eurostat
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Digitalization

Precision
Farming

Figure 1. The development of Precision to Digital Farming




Digitalization

Smart Farming

Digital Farming

Figure 1. The development of Precision to Digital Farming

https://www.entraid.com/articles/le-capteur-de-rendement-est-tres-peu-valorise

USAGE DES CAPTEURS DE RENDEMENT SUR MOISSONNEUSE-BATTEUSE

Source : Observatoire des usages de lagriculture numérique

70% unequiped harvester

25% real time visualization

4% post harvest visualization

1% analyse and interpret to adapt managament




Digitalization




I Digitalization

Jevons
Paradox

“Setting biogas as sustainable without assessing
its sustainability through a full environmental
impact assessment risk incentivize a massive
scale up of plants, which could lead to an

unsustainable lock-in [...]"

https://eeb.org/wp-content/uploads/2025/10/Biogas-policies-in-the-EU_Levelling-up-or-locking-in_.pdf



The metabolism of agriculture has completely changed |
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Harchaoui et Chatzimpiros, 2018 https://doi.org/10.1111/jiec.12760


https://doi.org/10.1111/jiec.12760

The nap

Vincent van Gogh




Peter Menzel — What the world eats - https://www.theguardian.com/lifeandstyle/gallery/2013/may/06/hungry-planet-what-world-eats
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The diversity of food diets is slowly eroding !

Each country's food supply composition in contribution to calories in:
1961 = 1985 © 2009

QUNITED ARAB
EMIRATES

RWANDA

Source: Khoury et al. 2014. Proc. Natl. Acad. Sci. USA.



http://www.pnas.org/content/111/11/4001.full.pdf

The diversity of food diets is slowly eroding !
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Time for change ?

« If we've been bamboozled
long enough, we fend to reject
any evidence of the bamboozle.
We're no longer inferested
in finding our the truth »

[Carl Sagan - the demon-haunted world]



Agricultural area over the long-term

Total areal land use for agriculture, measured as the combination of land for arable farming (cropland) and grazing
in hectares.

Oceania
4 billion ha s
Africa
3 billion ha
2 billion ha
Middle East
Brazil
Latin America
and the
Caribbean (excl.
1 billion ha Brazil)
Canada

United States

Russia
Europe (excl
0 ha Russia)
1600 1650 1700 1750 1800 1850 1900 1950 2016
Source: History Database of the Global Environment (2017) OurWorldInData.orglyields-and-land-use-in-agriculture/ » CC BY

Agricultural area are almost at their maximal expansion |
More than ever the narrative keeps to be « improve yield levels ».




Agriculture uses 50% of habitable land, with
% dedicated exclusively to livestock.

Agriculture and forestry account for 23% of
anthropogenic greenhouse gas emissions.

Agriculture is the sector being the largest
contributor to CH4 and N20 emissions.

Agriculture is the biggest driver of
biodiversity loss !



' « Yeahh... maybe... but we feed the world I'»

[Some western farmers, probably]




Do we actuadlly feed the world ¢¢

G Type of production per farm size H Cumulative percent of food (kcal)
produced per farm size
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Fig. 2. A-F) Distribution of total global crop production (in kcal equivalents) across farm size groups different uses (e.g., food, feed, other, etc.). Grey shows
bootstrapped 95% confidence intervals and red indicates the average. G) Allocation of use of production within each farm size class. H) Cumulative percent of global
food production by farm size group with 95% confidence intervals. See Table S1 for underlying data. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article).

> +50% of world
calories are
produced on
farm <10ha

> Bigger farm
produce :
> less food
» more feed
» more processing



https://doi.org/10.1016/j.gfs.2018.05.002

Do we actuadlly feed the world ¢¢

G Type of production per farm size H Cumulative percent of food (kcal)
produced per farm size
> 1000 100
500 to 1000
200 to 500 -
T 100to 200 .
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Fig. 2. A-F) Distribution of total global crop production (in kcal equivalents) across farm size groups different uses (e.g., food, feed, other, etc.). Grey shows
bootstrapped 95% confidence intervals and red indicates the average. G) Allocation of use of production within each farm size class. H) Cumulative percent of global
food production by farm size group with 95% confidence intervals. See Table S1 for underlying data. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article).

Percent richness
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Species Richness

Farm Sizes (ha)

» The diversity of cultivated species tend to be lower on bigger farms (specialization)



https://doi.org/10.1016/j.gfs.2018.05.002

Do we actuadlly feed the world ¢¢

1 » — = = o= e e Farmers' matets M

T \Thesgmgzéhanffaq@mig{be_._, e «
food chains gives the purchasing N
managers of supermarkets \\ \

a great deal of power

manufacturers

Farmers and —

horticulturalists IN)
companies g 7 !
Concentrations within the Dutch food chain . :
upermarket Supermarkets
Sustainable production processes need a new is a precondition for earning back the additional Soncens
business plan. Production that pays attention to costs of production. These changes call for new
i e o - - Consumers spend
animal welfare, nature and landscape is in line with organisational forms within the food chain, for 10% to 15% of their
society’s idea of sustainable food production. example, through direct sales from farmers and ) 5
It does however lead to a higher cost price. horticulturalists to consumers. In addition, income on food
Despite the social support for such a production producers will need to convince consumers to —
processes, it is still hard to turn a profit. Inventing not just look at the price, but consider sustainability -
new revenue models and creating new markets as well. Consumers

pblnl 19




Do we actuadlly feed the world ¢¢

For 100 euros spend on food :

>
>

>
>
>
>

~20 euros for the supermarket

~15 euros for inputs (fertilizers, pesticides, feed,...)
~14 euros for imports

~13 euros for food transformation

~ 9 euros in taxes

~ 8 euros for farmers




Imbalance between
production and local needs |

Source : scenagri, 2019
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Concernant les pommes de
terre, le lait et les céréales,

la production wallonne est
comparée & la consommation
alimentaire directe de la
population en Région wallonne
et Bruxelles-Capitale.

Concernant la viande bovine, la
production et la consommation
sont données a 'échelle belge
(en tonnes éguivalent carcasse)
car il existe d'importants flux
inter-régionaux.

+ Céréales panifiables :
céréales produites & destination
de 'alimentation humaine
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Global land use for food production

, 71% Ocean
Earth’s surface 361 :\ldillion Kkm?

10% Glaciers |19% Barren land
28 Million km?

141 ki of which
PR Shatich || This ciude the word' deaerts, aa
Antarctca

Land surface

flats,
‘exposed ocks, beaches, and dunes.

37% Forests

39 Million km?

Habitable land

1% Urban and built-up land 1% Freshwater
infrastructure
1.6mkm® 1.5m km?

Agricultural land

Global calorie supply

Global protein supply

Data source: UN Food and Agriculture Organization (FAQ)
QurWorldinData.org - Research and data to make progress against the world's largest problems. Licensed under CC-BY by the authors Hannah Ritchie and Max Roser in 2019
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Global land use for food production |k

Earth’s surface

Land surface

71% Ocean
361 Million km?

10% Glaciers |19% Barren land
28 Million km?

14M ki of which This includes the workd's deserts, al flats,
of Antarctica i

37% Forests

Habitable land 39 Million km?

Land use per 100 grams of protein

1% Urban and built-up land 1% Freshwater

Land use is measured in meters squared (m?) per 100 grams of protein across various food products.

Agricultural land

Global calorie supply

0

'
SRy _

Data source: UN Food and Agriculture Organizaticn (FAO)
QurWorldinData.org - Research and data to make progress against the world's largest problems.
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Cheese _ 39.8 m*
itk | 27 ~
Beef (dairy herd) | 21
Pig Meat [JJij 10.7 m*
Nuts [l 7.9 ™2

Other Pulses [JJJij 7.3 m*
Poultry Meat - 7.1 m?
Eggs [l 5.7 m?

Grains 4.6 m?

Licensed under CC-BY by the auth

Fish (farmed) | 3.7 m?
Groundnuts =~ 3.5 m?
Peas 34m?
Tofu (soybeans) 2.2m?
Prawns (farmed) 2 m?
Om  20m* 40m* 60m? 80m? 100m* 120m? 140m? 160 m* 180 m?

Source: Poore, J., & Nemecek, T. (2018). Additional calculations by Our World in Data.
Note: Data represents the global average land use of food preducts based on a large meta-analysis of food production covering 38,700

commercially viable farms in 119 countries.
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gharefof global habitable land needed for agriculture if everyone had the
iet of...

The percentage of global habitable land area needed for agriculture if the total world population was to adopt the average diet
of any given country, in 2011. The actual proportion of habitable land used for agriculture was 50 percent. Values greater than

100% are not possible within global land constraints.

o

Less than currently used Not possible with global land

Greater than currently used

No data
| —

Source: Alexander et al. (2016)

OurWorldIinData.org/agricultural-land-by-

Dietary land use vs. beef consumption, 2011

The percentage of global habitable land area needed for agriculture if the total world population was to adopt the
average diet of any given country versus annual per capita beef consumption, measured in kilograms per year. We
currently use approximately 50% of habitable land for agriculture, as shown by the grey horizontal line.
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» Agroecology is the use of knowledge to bend the curve linking biodiversity to productrion

c h

Biodiversity

Examples

yield increase supportad
by biodiversity

simultanaous yield
increass and biodiversity
loss

simultanaous yield
increass and biodivarsity
lozs, depandant on the
intensity of land-usa
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LEVEL 5

Rebuild the global food system so that
it is sustainable and equitable for all

LEVEL 4

Re-establish connections between
growers and eaters, develop alternative
food networks

LEVEL 3

Redesign the whole agroecosystem
based on ecological processes

LEVEL 2

Substitute alternative practices and inputs

LEVEL 1 J;%
Increase efficiency of industrial inputs

LEVEL O

No agroecological integration

FOOD SYSTEM LEVELS

AGROECOSYSTEM LEVELS

Co-Creation
of Knowledge

Diversity

Human and
Social Value

Recycling

Adapté de : https://www.agroecology-pool.org/wp-content/uploads/2020/06/CRIDHO-2020-ODeSchutter_Share-Agroecology-Belgian.pdf
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Strategies for feeding the world more sustainably
with organic agriculture

Adrian Muller2, Christian Schader!, Nadia El-Hage Scialabba3, Judith Briiggemann', Anne Isensee’,
Karl-Heinz Erb@ 4, Pete Smith®, Peter Klocke', Florian Leiber!, Matthias Stolze! & Urs Niggli!




Redesigning
<Walloon> agriculture
in a nutshell

«We must refocus on
our needs rather than
our desires...»

[Oliver Hamant — Antidote to the cult of performance]



'

« Agriculture is a complex system
where saoil, plants, animals, climate,
and human activities are
interconnected.

« Changes in one given element will
not impact the system the same way
as another

* Over the past we've mainly work on
efficiencies of specific components

« A holistic perspective should help
design sustainable solutions by
considering all interactions.
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\iw./a Wl ==

Grassland Natural water

https://doi.org/10.1016/j.gfs.2019.06.003
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Towards sustainable diets and farming
systems through land use optimisation

[®] Check for updates

Tom Desmarez' -, Jérdme Bindelle™ & Benjamin Dumont™*

The industrialised food system poses health and environmental challenges, raising concems about its
sustainability. Addressing these requires region-specific solutions that consider local agronomic and
socic-economic conditions. This study examines how transforming the food systemimpacts land use
and self-sufficiency ina defined region of a country. Using Wallonia as a case study. we modelled crop
allocation across different pedoclimatic conditions and evaluated three diets—CURRENT, TYFA, and
EAT-Lancet—under conventional and organic farming, with 30% or 10% food waste. Our results
demonstrate that, regardless of farming practice, Wallonia cannot achieve self-sufficiency under the
CURRENT diet. However, adopting the TYFA or EAT-Lancet diets would enable self-sufficiency and
spare land for alternative uses, under conventional farming. Food waste reduction was pivotal for
enhancing self-sufficiency under organic farming. This research offers a solid foundation forinforming
agri-food policies in Wallonia and can be extended to other regions seeking to improve local food
security.
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We decided to start from the plate...

... We selected diets that :

= are healthy
= are environmental-friendly

https://eatforum.org/eat-lancet-commission/the-planetary-health-diet-and-you/
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What if we go full « Organic » ¢

Cereals I 75% —— All Animals (36)

Rapeseed 55%

e Dairy Cows (19)

Pea I 65%

Potatoes NGNS 5% Pigs (7)

Sugar beet I 80% - Poultry Layers (4)

maize I, 3500

Poultry Broilers (6)

Temporary pastures I 89% 08 Y 10 M
Organic/conventional animal productivity ratio
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Source : Gaudaré et al., 2021

Sources : Poux & Aubert, 2018 ; Ponisio et al., 2015
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What if we waste less ¢

https://aim2flourish.com/innovations/sustainability-gains-by-waste-reduction-process
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The algorithlm was coupled with MILP approach and adapted to :

» Account for return time of each crop
» Exclusion of specific crop sequences
» Aligning specificities of agronomic territory with specific crop needs

Régions agricoles

[ Région sablo-limoneuse
I Région limoneuse
I Région herbagére




Reference rotation ICLS rotation Vegan rotation




Robustness
over
Efficiency

« When a measure becomes a target,
it ceases fo be a good measurey

[Goodhart’s law]



I Soil crop modelling

= Ecosystem Services (ESS)

INPUTS Model daily computation OUTPUTS
Plant
Plant Yield
development
Sail
Stresses
. -
Climate g‘h&g
h T~ Soil bio-chemical
oL Nutrition state (SOC, N...)
Initialization balance module
module
Water balance
Management

Sets of differential equation reproducing the behavior of Agroecosystems ‘



A modelling framework

A ISRIC JRC

World Soil Information EUROPEAN COMMISSION

+2 millions soils profiles

10.206 climatic tiles

Historic records (Agri4cast)
Future projections (RCP scenarios)

5 soil layers
7 descriptors per layer
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Business-as-usual
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Winter wheat

1990 1995 2000} 2005
Extremely dry period
sitwr | 1| 2 | 3] als |6 |7 I ERE 3 successive 8-year rotations (24 years) —
} 2
v o
1990 E .
o
sitme[ 1 | 2 [ 3 [a s e f7 [8]ee- ':!L
N

T
1991

snin#z | 1 | 2 [ a | a]is |6 [7 |8 ]==-
L
T

1996
snnse[ 1 2 [ 5 4[5 [6 [7 [o]-e-"

1997

Yield [Mg ha™]

Maize Faba bean
L e o (S (U (S (N ORI (D
- P e IS - - . - - - - - - PONSUNN— S
2 od. Normal 10 Normal Mod.
2 ry wet
S 5
°
> 15 0
25 0.0 25 25 0.0
SPEI-3 SPEI-3

2040-2070 __ 2070-2100

— 1980-2010 — " pcpg 5) — (RCP8.5)




I Bringing multi-performance into the game

. anic ¢,
s\ o9 afbo,)

Source : Delandmeter M. - CiG
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Bringing multi-performance into the game
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Insert EU country ]
‘ name here

Redesigning
Sivereenennennnns> Agriculture
in a nutshell
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Conclusions
TAKE HOME MESSAGES

.



I Tak

e home messages

=  Soil-crop model are powerful tools to assess climate change impacts on ESS

= Digital tools are efficient means to support the design of future-proof, resilient and
sustainable CS$ to guide the agroecological transition

=  We need to develop robust cropping system —i.e. under-optimal system when
considering one metric — that are multiperformant

=  We need to reconsider what really matters, i.e. food-oriented, healthy and
environnemental friendly cropping system |

= ? How can we help CAP and how can CAP help farmers in that direction, to avoid a

locking of the systems in their current state ?
i
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Thanks for your attention

? QUESTIONS ?

-
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