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Undernourishment

Food prices

Number of conflicts

Global temperature



We are eating fossil fuels

Production

Water & nutrients

Pesticies

Green revolution cereals:

50 Pg of carbon lost from the world soils
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828 million people 
undernourished 

Oil extraction from tar-rich sands in Canada’s boreal forest
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Food security

✓ Availability

✓ Access

✓ Stability

✓ Utilisation



Global yield gap analysis

Maize yield gap

Global soil degradation
Gender x climate change vulnerability hospots (CGIAR) 



Is agroecology climate smart?



the application of ecological 

principles to the design and 

management of sustainable 

agricultural systems 
Ecological 

principles✓ Diversity

✓ Resource efficiency

✓ Recycling

✓ Natural regulation

✓ Synergies

agroecology

Social principles

✓ Equity & justice

✓ Cultural diversity

✓ Learning & knowledge 

sharing

✓ Governance

10 elements that define agroecology (FAO Agroecology Knowledge Hub)

food



a 100-year 
experiment 
started in 1993 
at UC Davis, 
California 

0	

20	

40	

60	

80	

100	

120	

140	

1994	 1996	 1998	 2000	 2002	 2004	 2006	 2008	 2010	 2012	

Conven onal	 Legume	 Organic	

0.00	

0.25	

0.50	

0.75	

1.00	

0	 20	 40	 60	 80	 100	

Conven onal	

Organic	

To
m

at
o

	y
ie

ld
	(

t	
h

a-1
)	

C
u

m
u

la
ve

	f
re

q
u

en
cy

	

A	

B	
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Fig.	1	

Average yield (t ha-1)
Conventional:  66.7 +/- 18.2  

Legume:  68.9 +/- 24.1
Organic: 67.8 +/- 9.0

Literature review (97 published references)

Diferencias significativas en favor de sistemas orgánicos/agroecológicos en:

✓ Secuestro de carbono hasta 30 cm de profundidad;
✓ Eficiencia energética; 
✓ Capacidad de captura y almacenamiento de agua;
✓ Resiliencia frente a sequías;
✓ Resiliencia frente a huracanes y lluvias torrenciales.

Sin diferencias significativas (datos insuficientes) con respecto a:

➢ Potencial de calentamiento global;
➢ Secuestro de carbono hasta 1m de profundidad.

Rossing et al., 2014

Is agroecology climate smart?
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Restoring degraded soils

Oumar Diabaté, Mali
Oumar Diabaté, Mali

Yield-increasing potential of agroecological 

innovations in Africa



Marimanti, Kenya (TROCAIRE)

Restoring soils through agroecology (Kenya)

``The tree nursery is the heart of the farm…´´
Local	and	national	
extension	agencies

Researchers	from	
Universities	and	IARC

Fertiliser	companies

Policy	makers

Seed	companies

National	institute	
researchers

Community	
Learning	
Centres



Terres de barre, southern Togo (20% clay)
Year

Changes in crop productivity
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Kintché et al (2011)

Long-term fertiliser use and soil productivity (Togo)

Fertiliser use + crop residue retention is not enough…
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Conservation agriculture



Bruelle et al., 2015

Can CA reduce climatic risks? (Bruelle et al. 2014)

Lake Alaotra, Madagascar
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BV-Lac Project
• 3803 upland rice fields
• Four years of farmer-led CA
• Inputs provided only on year 1 
• Lowlands (Baiboho) vs hillsides (Tanety)

Increased water capture on steep slopes 

Bruelle, 2014

Can conservation agriculture reduce climate risks?



Complexity/organisation in agroecosystems

Ecological Network Analysis
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Table 2: Some of the indicators used in the network analysis of N flows in agroecosystems of the highlands of East and Southern 
Africa by Rufino et al. (2009)  
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Notation: zio are N inflows to each system compartment (Hi) from the external environment, xi represents the change in storage of a compartment 

and fij represents internal flows between compartments (e.g., from H j to Hi)  
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Mid-hills of Nepal (PhD Victoria Alomia) 

Supervisors

Andy McDonald, Jeroen Groot, Pablo Tittonell

Agroecosystem robustness

Circular farming

Agroecology



Biological N2 fixation

Maize-Pigeon pea intercrops in Southern Africa

No interference Relaying effect Nutrient cycling
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Residual effects on maize

Ruzinamhodzi et al., 2012

More than 
fivefold yield 
increase without 
fertilisers!
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Co-innovation



Co-innovation: a dialogue of wisdoms



Agroecological intensification (Argentina)

Wheat production (kg/ha)Production costs (US$/ha)



Oats/ Vicia/ 
red clover

2013 Oats

Sorghum/ soy
2011/12

Soy

Durum
wheat/ red 

clover
2012

Durum wheat

Oats/ Vicia
2011

Oats

Current (high
input)

Agroecological



Trigo candeal 
(2 variedades) 
+ Trébol rojo

2014

Trigo candeal 
2014

Actual. Altos 
insumos

Agroecológico

Avena, Vicia Alfalfa, Trébol Rojo 
2015

Avena
2015Year Crop Produce Yield (kg/ha) Crop Produce Yield (kg/ha)

2011 Oats-vicia Beef 147 Oats Beef 100

2011/12 Sorghum-soy Beef 163 Soybean Grain 1200

2012
Durum

wheat+ Red 
clover

Grain 2900 Durum wheat Grain 3600

2013 Oats-vicia Beef 305 Oats Beef 467

2013/14 Sorghum Beef 94 Soybeans Grain 0*

2014
Durum wheat
+ Red clover

Grain 3800 Durum wheat Grain 3800

2015 Oats-vicia Beef 305 Oats Beef 227

Year Agroecológico Actual

Crop diversity
11 

(Av/Vicia/Sgo/Sj/Mz/Trigo candeal/trigo 
pan/Trébol rojo/Alfalfa/Festuca)

4
(Av/Vicia/Sj/Trigo candeal)

Use of herbicides
1 l/ha Glifosato - 1200 cc MCPA - 80 cc 

dicamba - 700 cc Bromoxinil
27,5 l/ha - 1000 cc axial - 160 cc Dicamba + 
18,4 g Metsulfuron - 500 cc 2,4-D -100 cc 

Tordon

Nr of applications 3 18

Inoculants
9 veces (Micorrizas, Pseudomonas, 

Bradyrhizobium japonicum, Rizobium 
meliilotii)

2 veces (Bradyrhizobium japonicum)

Urea 0 590 kg/ha

DAP 390 kg/ha 410 kg/ha

Rye husks 1500 kg/ha 0

Agroecological
Current (high

input)

Larger margins, lower costs, less climatic risk

Lower energy costs



Innovation 
platform

Research & 
technology

Rural 
community

Knowledge 
brokers & advisors

Stakeholders Stakeholders

Stakeholders

Participatory 
research and 

action

Field schools 
& demo-

farms

Knowledge 
networks

Innovation Platform on Agroecology, 
Regenerative and Nature-driven Agriculture 

in the North of The Netherlands

✓Applied research & advice 
✓ Education and training
✓Advocacy and communication



Agroecology at scale



Before After

Minas Gerais, Brazil

Extreme poverty (%) in Brazil, 1990-2008

FAO, 2010

Zero hunger program

Targeted actions
A national policy on 

agroecology



Union de Trabajadores de la Tierra (Argentina)

Business model: 
Producing agroecological food (healthy, pesticide free, low C footprint, fair trade) for the poorest

Provinces Selling points Farming families

31,393 family farms (0 – 5 ha) in 2018

Rented 
land

Owned 
land

20% 
selling 
retailer

60% 
for the 
farmer

20% 
transport

Value distribution

Farmer training on Agroecology



Agroecological transition

Policies

Cooperation

Incentives

Regulations

Scientific knowledge

Peer motivation

Mouth-to-mouth

Grass root activism

Practical & local knowledge

Institutions

Social actors
Farmers 
Consumers
Academia
Policy makers
Knowledge brokers
Input suppliers 
Manufacturers 
Retailers 



Technical innovation
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zone 

(vulnerability)

Transition or transformation?



Biovision Foundation for Ecological Development & IPES-Food. 2020. Money Flows: What is holding 
back investment in agroecological research for Africa? Biovision Foundation for Ecological 
Development & International Panel of Experts on Sustainable Food Systems 

Donor investment in agroecology



Thanks!

www.pablotittonell.org

The Slow Blog

http://www.pablotittonell.org/




Anisotropy and heterogeneity 

Agroecosystems: complex socio-

ecological systems

Anisotropy

Ecological niches

Landscape organisation

• Connectivity

• Contingency

Resource allocation

Heterogeneity

Soil C gradients in 

Mr. Oluka’s farm 

(Ouganda)

• Local knowledge and 

perceptions of heterogeneity 

• Differential responses to 

interventions

• Need to target technologiesEbanyat, 2010
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Yields with NPK fertiliser under researcher management

Variability in 
crop response 

to fertilizers (Tittonell, 2003; 
Vanlauwe et al.,2006)



Climatic variability affects crop responsiveness
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Zingore et al.(2007) Field Crops Research



The crop microbiome

Salles et al, in prep

Plant strategies 

Microbial
strategies

Increase in plant 
resistance  or 

tolerance to (a)biotic 
factors 

Reducing chemical inputs and 
increasing yields

Diversity of exudation

Root biomass and depth

Targeted resource provision for 
selective enrichments of 
particular microbes via exudation

• Improved access to soil 
nutrient pools

• Reduced disease 
incidence

• Increased stress 
tolerance

• Improved rhizosphere 
colonization

Selection for optimal 
plant-microbiome 
interactions

Use of microbial inoculants to 
promote crop resistance, resilience, 
resource-use efficiency

P
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potatoMETAbiome

Resistance against pathogens 



Crop diversification

24%

63%

11%

14%

Beillouin et al 2021Global Change Biology 



Is regenerative agriculture the 
same as agroecology?



Regenerative practices



Rodale Institute -
Pennsylvania, 1981 - 2021 Regenerative organic with livestock (use of manure)

Regenerative organic without livestock (use of legumes)
Conventional agriculture (fertilizers and pesticides)

Crop yields and gross margins (us$)

Soil organic matter (%)

Crop nutritional density (g/100 g)

Pesticide leaching (ppb)

After 40 years comparisons, regenerative organic systems:

Experimental data

Evidence supporting regenerative agriculture?



LaCanne and Lundgren (2018)

Economic margins: costs and revenue

On-farm data (Maize in USA)

Impact on pest incidence

Impact on soil health

Evidence supporting regenerative agriculture?



Montgomery DR, Biklé A, Archuleta R, Brown P, Jordan J. Soil health and nutrient density: preliminary comparison of regenerative and 
conventional farming. PeerJ. 2022 Jan 27;10:e12848. doi: 10.7717/peerj.12848. PMID: 35127297; PMCID: PMC8801175.

Soil OM Soil Health

R

C

R

C

Soil OM

Soil Health

Crop nutrient concentration ratios (R:C)

R C



Regenerative 
agriculture

Circular 
economy

Agroecology

Conservation 
agriculture

Climate-
smart 

agriculture

10 elements of agroecologyLexical analysis of the scientific literatureAgroecology  Philosophy RA Development RA Corporate RA 
Science, practice, 

movement: social 

and ecological 
principles, landscape 

approaches, 

bottom-up, different 
sources of 

knowledge 

RA as adopted by 

individuals or 

networks, based on 
philosophical 

principles, close to 

permaculture or 
biodynamic 

approaches  

RA as promoted by 

development 

organisations, social 
and ecological 

principles, landscape 

approaches, often 
top-down, close to 

organic and low 
input farming  

RA as proclaimed by 

enterprises, based 

on practical 
agronomic principles 

and corporate 

sustainability 
approaches, close to 

conservation 
agriculture   

Diversity    
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governance 

   
 
 

 

   

   

   

   

   

 

   

   

   

   

Top-10 sources after a Google search on
‘Regenerative agriculture’ in The
Netherlands:

1. https://regenerationinternational.org
2. https://www.metabolic.nl
3. https://www.nrdc.org
4. https://ellenmacarthurfoundation.org
5. https://www.renature.co
6. https://www.unilever.com
7. https://www.earthday.org
8. https://www.nestle.com
9. https://www.cbf.org
10. https://www.cargill.com
Revisited on 16 May 2022
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The glass is half-full

Seufert et al., 2012

Organic vs. Conventional crop yields

Org.%Yield%%=%0.81%*%Conv.%Yield%4%0.15%
R²%=%0.81%
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0.84 0.77 0.75 0.79 

Organic vs. conventional cereal yields
De Ponti et al., 2012

Recalculation of yield gaps accounting for all sources of variation 
(Ponisio et al., 2014)Calculation of yield gaps accounting for management practices

Research investment gap between organic and 
conventional agriculture?

Example:
Dutch government = 4 million euro/year
Monsanto = 980 million dollars/year (www.monsanto.com/investors)



the chain of activities connecting food 

production, processing, distribution, 

consumption, and waste management 

food system

Tittonell, 2023. A Systems Approach to Agroecology, Springer-Nature, 393p. 

The ‘doughnut’



Agroecology networks and COVID19 in Latin America

Lexical (network) analysis

A typology of COVID19 adaptation strategies

de Steenhuijsen Piters et al., 2021

Antifragility

Vulnerability

Resilience

Elements that sustain food systems resilience & antifragility



Tittonell, 2023. A systems approach to agroecology

Agroecological movements 

Transdisciplinary 
science

Motivation
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