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“Ecological intensification”

2008 Chevassus-au-Louis and Griffon: A pathway for 
achieving the goal of producing more of old things 
(agricultural products), producing new things (ecosystem 
services), and producing differently (environmentally 
friendly)



A brief history of the expression “Ecological intensification”

1999 Cassmann: The need for progresses in plant and soil 
science to achieve a continuous increase in cereal yieds 
(intensification) without environmental damages (ecological)

1986 Egger: Ecological engineering, to illustrate a kind of 
ecological engineering in agropastoral systems in Africa, replacing 
some perennial species to improve soil organic matter contents. 

2008 Chevassus-au-Louis and Griffon: A pathway for 
achieving the goal of producing more of old things 
(agricultural products), producing new things (ecosystem 
services), and producing differently (environmentally 
friendly
2010 Hubert et al.: Technical scenario hypothesis in prospective 
studies for feeding the world in 2050. 
2008 onward, Affholder et al., Mikolasec et al., Bommel et al....: 
Translation into local technical strategies



“Ecological intensification”

2008 Chevassus-au-Louis and Griffon: A pathway for 
achieving the goal of producing more of old things 
(agricultural products), producing new things (ecosystem 
services), and producing differently (environmentally 
friendly)

... through “The intensification in the 
use of the natural functionalities that 
ecosystems offer”



A better use of biological regulations in 
agroecosystems for ecological intensification have 
become a high priority topic in the agronomy 
agenda: 

*  A sustained and increasing academic production (Session 
2.2)

* The development of the Agroecology arena worlwide

* A topic still highly necessary for the research agenda

- Must be declined at the crop, cropping system, farm and 
landscape levels

- Probably still a challenge for many agronomists who are 
more familiar with single physical and chemical aspects of 
agroecosystems



A better use of biological regulations in 
agroecosystems for ecological intensification 
have become a high priority topic in the 
agronomy agenda…

but is probably quite insufficient: there 
is a need for new avenues  to strengthen 
ecological intensification (at the 
cultivated field scale)… some of which 
have been discussed during the congress 
but are poorly used. A way to 

“modernize” agriculture ?
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Advances in plant sciences to support ecological 
intensification: 

A new look to the old basis (examples)
Plant sciences recent knowledge Agronomic potential use

Limits to 
photosynthesis 
efficiency 

Aerial parts 
morphogenesis in 
relation with the 
environment

Exchanges of N 
between roots and soil

Defining appropriate 
environmental conditions 
for improved NUE

Crop  architecture for 
enhanced radiation 
interception 

Identifying genotypes 
adapted for crop 
mixture or interaction 
with animal pests

…



Advances in plant sciences to support ecological 
intensification: 

The cultivated plant in its biological environment 
(examples)

Benefits from  
rhizosphere to plants 
modified by plant 
management

Cropping system 
management finalized 
by rhizosphere target

Plant sciences recent knowledge Agronomic potential use



(Van der Heijden & Horton, 2009)

Examples of 
CMNs
between 
different plant  
species

Types of 
costs/benefits 
relationships



Advances in plant sciences to support ecological 
intensification: 

The cultivated plant in its biological environment 
(examples)

Benefits from  
rhizosphere to plants 
modified by plant 
management

Cropping system 
management finalized 
by rhizosphere target

Management of Genotype 
x Environment interactions 
and elicitation of 
interesting metabolic 
pathways

Local and systemic 
plant reaction  to 
infection and 
wounding
…

Plant sciences recent knowledge Agronomic potential use



(Dudareva & Pichersky, 2008)
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Natural ecosystems vs. agroecosystems

• Species richness

• Heterogeneity

• Perennial canopy

• Functional redundancies

Do these characteristics generate specific properties to natural
ecosystems ? Towards agrosystems that mimic natural ecosystems?

(Lefroy et al., 1999)



1. Agroforestry systems in the humid 
tropics mimic local rainforests

Different CIRAD et al. programs

Some applications of the mimic theory

Malézieux-2004

3. The american prairie : creating productive crop mixtures that 
are analogous to the vegetative structure of the prairie

Jackson & Jackson (1999)

2. Agroforestry systems in sahelian and mediterranean 
climates mimic leguminous parks and dehesa

Joffre et al. (1999) 



Two principles of the mimic theory
(according to Van Noordwijck &Ong (1999)) 

1. Mimic the structure and function of natural ecosystems 
existing in a given pedoclimatic zone

2. Try to mimic the diversity of species existing in natural 
ecosystems and hence contribute to maintain the original 
biodiversity



Specialised dairy systems (before 1990) Integrated crop-livetsock systems (since 1990’s)

A B

(Funez-Monzote et al., 2009)



Three limits to the second principle

1. Functional composition more often controls ecosystem 
functioning than does species diversity 

2. The interesting properties of natural ecosystems  may 
rise from the spatial and temporal lay out of the species 
and not from their number

3. Mimicking the natural ecosystems will inevitably face the 
“aim problem”.



An agenda for « mimicking » the natural ecosystems

• Select the functions agronomists attempt to improve (for example
nutrient cycles management)

• Identify in natural ecosystems the structural characteristics (spatial 
heterogeneity,  diversification of vegetation  strata, variability of 
species in time and space, etc.) that modify these functions 

• Make up the qualitative or quantitative relationships that link 
properties and functions

• Transpose these functions in agricultural conditions
• Use these functions for designing agroecosystems finalized by 

specified aims
• Check that the new agroecosystems express the targeted 

functions, and do not express unwanted properties.
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Using farmers knowledge or lay experts knowledge: 
extending available scientific knowledge 

• Needs an appropriate representation, often difficult to merge 
with scientific knowledge representation 

• May be wrong… needs to be qualified along different 
directions: domain vailidity, certainty and preciseness

• Qualitative reasoning and argumentation would be worth 
using in Agronomy
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Systematic review 
In journals

Meta-
analysis

«Meta-analysis refers to the analysis of analyses. I 
use it to refer to the statistical analysis of a 
large collection of results from individual 
studies for the purpose of integrating the 
findings... » (Glass, 1976)



51 studies, 184 
observations





Publication bias 
(Funnel plot)

• No publication bias

• Non significative results

unpublished

• Only negative effects

published



Main interests of meta-analysis:

1. Provides researchers with a methodological framework to 
explore what has already been done on a given research 
topic and to see more clearly where are the gaps and 
uncertainties

2. Allows researchers and decision-makers to synthesize 
divergent results,

3. Can help decision-makers to take decisions based on a 
systematic review and statistical analysis of all the available 
data related to a given topic

4. Makes the knowledge base more open and allows replication 
of testing out of theories 

5. Aids the cumulative development of science
(Sutton et al., 2000)



Interest of meta-analysis :

(Shluessel et al, 2008)

An example of 
comparative 

analysis in 
anatomy: 
olfactory 

morphology of 
Elasmobranch 

species



(Shluessel et al, 2008)

An example of comparative analysis in anatomy: 
olfactory morphology of Elasmobranch species



Interest of meta-analysis :

(Shluessel et al, 2008)



Interest of meta-analysis :

(Shluessel et al, 2008)

A need for comparative analysis 
in Agronomy, to establish 
relationships between the 

agroecosystem characteristics 
and their properties



Conclusion

• These five avenues are consistent with the most 
promoted avenue for ecological intensification, i.e. 
experimental ecological analysis of agroecosystems

• A great need for methods improvements

• Probably a need for changes in research 
organization and academic curricula in Agronomy



Many thanks

Doré et al.

for your attention
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