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WAGALAM: Un projet Atelier 

•  Reflexion sur les opportunités à mener des recherches 
à l’interface des thématiques que sont  

 
–  l’agroécologie,  

–  l’agronomie globale  

–  et l’étude à large échelle des grands cycles (e.g. eau, 
carbone).  
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Agroécologie Agroecology as a science, a movement and a practice. A review 3

also worked in the tropics, published a book on agricultural
zoology and related ecological/environmental factors for plant
protection. This book presented different pest management
strategies, including biological control and the role of natural
habitats for pest management, and evaluated the economic im-
pact of pest damage. His approach was very similar to that of
Tischler. A second important book on agroecology was pub-
lished by the U.S. agronomist Klages (1942), whose article
in 1928 (Klages, 1928) may be one of the first papers dealing
with agroecology without explicitly using the term, and this in-
cluded research on the distribution of crop plants using a phys-
iological basis. He also analysed the ecological, technological,
socioeconomic and historical factors influencing their produc-
tion; his vision is quite different from that of the zoologists.
Although Klages (1942) used the term agroecology only once,
his contribution and that of Friederichs (1930) can be seen as
the basis for later publications about agroecology. Thus the
first scientists to introduce agroecology were rooted in the bi-
ological sciences, particularly zoology (Friederichs, 1930) and
agronomy and crop physiology (Klages, 1928, 1942; Bensin,
1928, 1935).

At the end of the 1960s, the French agronomist Hénin
(1967) defined agronomy as being ‘an applied ecology to plant
production and agricultural land management’. This is not
far from Bensin’s definition, without actually using the word
‘agroecology’. The Italian scientist Azzi (1956) defined ‘agri-
cultural ecology’ as the study of the physical characteristics of
environment, climate and soil, in relation to the development
of agricultural plants, e.g. the quantity and quality of yield
and seeds. However, he did not include entomological aspects
in his analysis. The foundation of his work was already laid
30 years before (Azzi, 1928, 1942).

2.2. Expansion of agroecology: 1970s–2000s

From the 1970s agroecology continued to be defined as
a scientific discipline, but also gradually emerged both as a
movement and as a set of practices beginning in the 1980s
(Fig. 1). Here the general trends toward movements and prac-
tical applications are described, with specifics discussed in
the ‘country’ examples since they are generally case-specific.
We also observe the close association today between focus on
agroecology and work in sustainable agriculture, often by the
same people in science and development.

Concerning agroecology as a scientific discipline, greater
historical detail from the 1970s until present is given in Hecht
(1995), Francis et al. (2003) and Gliessman (2007). They
noted that through the 1960s and 1970s there was a gradual in-
crease in applying ecology to agriculture, partially in response
to the Green Revolution that created greater intensification and
specialisation. During this period an important influence also
derived from research on traditional farming systems in trop-
ical and subtropical developing countries (e.g. Janzen, 1973).
Organic farming as an alternative model was discussed in rela-
tion to agroecology, for example by Rosset and Altieri (1997)
and Guthman (2000). This period was marked by an increasing
interest of an ecological point of view on agriculture. The key
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Figure 1. Diversity of current types of meanings of agroecology.

concept of agroecosystems emerged in the 1970s. It was sug-
gested by the ecologist Odum (1969, quoted in Altieri 1995),
who considered them as ‘domesticated ecosystems’, interme-
diate between natural and fabricated ecosystems. Since the be-
ginning of the 1980s, agroecology has emerged as a distinct
conceptual framework with holistic methods for the study of
agroecosystems. Agroecology became defined as a way to pro-
tect natural resources, with guidelines to design and manage
sustainable agroecosystems (Altieri, 1989a; Gliessman, 1997).
Conway (1987) further developed the concept and identified
four main properties of agroecosystems: productivity, stabil-
ity, sustainability and equity. As its influence grew, agroecol-
ogy contributed to the concept of sustainability in agriculture,
mainly applied at the level of the farming system and sup-
ported in the proceedings of a conference edited by Douglass
(1984), and later expanded by Gliessman (1990) and Altieri
(1995). During the 1990s, agroecological research approaches
emerged, several textbooks were published, and academic re-
search and education programmes were put into motion, in
particular in the USA. Recently, higher education programmes
in agroecology have been developed in the USA and Europe.

Finally, agroecology as a scientific discipline went through
a strong change, moving beyond the field or agroecosystem
scales towards a larger focus on the whole food system, de-
fined as a global network of food production, distribution and
consumption (Gliessman, 2007). In this perspective, produc-
ers and consumers are seen as actively connected parts of the
system (see also Hill, 1985). This entails a new and larger def-
inition of agroecology as ‘the integrative study of the ecol-
ogy of the entire food systems, encompassing ecological, eco-
nomic and social dimensions, or more simply the ecology of
food systems’ (Francis et al., 2003). However, we observe that
more restricted definitions of agroecology as a discipline, fo-
cussing on the field or agroecosystem scales, are still favoured
in different countries as described later.

In general, the environmental movements in the 1960s often
emerged as a consequence of the unexpected impacts of indus-
trialised agriculture after the Green Revolution. Researchers
with narrow focus on short-term yields and economic returns
considered environmental and social factors to be externalities.
Public policies rarely considered the environmental impact of
agriculture, nor the social consequences of a uni-dimensional
rural development focussed on production and economics.

From Wezel et al., 2009 
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Agroécologie 

•  Ensemble de pratiques agricoles visant à mettre à profit les 
régulations biologiques opérant au sein des écosystèmes 
agricoles 
–  Insertion de légumineuses dans les systèmes de cultures 
–  Agroforesterie 
–  Pratique du Non-labour 

•  Une démarche qui engage l’agriculture vers la voie de la durabilité  
–  Économie (coût des intrants en lien avec l’augmentation du coût de l’énergie) 
–  Agronomie (ralentissement de l’augmentation des rendements) 
–  Environnement (pollution de l’air, des sols, et des eaux) 
–  Santé (Pesticides) 

•  Besoin d’évaluation à grande échelle 
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Agronomie globale 

•  Traite de questions/phénomènes relatifs au fonctionnement des 
agro-écosystèmes et leur gestion, et s’exprimant à des échelles 
larges (grande région, continent, planète) 

•  Deux enjeux planétaires 
–  la Sécurité alimentaire 
–  la quantification des Effets des systèmes de culture sur l’environnement à l’échelle 

mondiale (GES, biodiversité, ...) 

•  Combine des études bibliographiques, des données statistiques et 
méthodes statistiques 
–  Méta-Analyse 
–  Yield Gap Analysis 
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Yield Gap Analysis 

Of the places currently cultivating a crop, we can see from the
climatic potential yield maps (Fig. 5) those places that have a
climate able to support high yields. For example, parts of the US
and Canadian plains, as well as the eastern United States, much
of Europe, and parts of eastern China have climates well suited
for high wheat yields (Fig. 5d). The second most dominant crop,
maize, shows similar patterns, with most of the potentially high-
yielding lands concentrated in the mid-latitudes (Fig. 5a). The
northern United States, Europe, both east and west, as well as
parts of eastern China, all have a high climatic potential for
maize.

Cotton also shows strong latitudinal patterns, with much of
the potentially high-yielding lands concentrated between 30 and
45° N (Appendix S2a). Australia and parts of southern Africa
also have high climatic potential cotton yields.

Several of the crops included in this study demonstrate a high
climatic potential yield in the United States, Europe and/or
eastern China. For example, Europe and north-eastern China
show high climatic potential yields for rye (Appendix S2b). The
central and south-eastern United States and eastern China have
the potential for high groundnut yields (Appendix S1a).
Soybean potential is highest in the eastern United States, south-
ern Europe, much of eastern China as well as in Brazil and
Argentina (Fig. 5c).

Other crops have a higher climatic potential elsewhere. Parts
of South America, Mexico and the southern United States, as
well as parts of eastern Africa, along the River Nile, and Australia
have high climatic potential yields for sorghum (Appendix S2b).
Peru, India and parts China and Africa are home to the highest
potential sugarcane yields (Appendix S2b). The highest climatic
potential yields for cassava can be found in southern India,
Southeast Asia, parts of South America and western Africa
(Appendix S2b).

Considering the effects of soils on yield

In addition to examining the effects of climate on global crop
yield patterns, we sought to incorporate soil conditions into our
analysis so as to control for the effect of soil types on yields and
broaden our consideration of biophysical factors.

In fact, we already use soil information in our analysis: soil
texture properties are used in the calculation of soil moisture,
which in turn influences the moisture availability index in our
climatic analysis. We had hoped to further include the effects of
soil ‘quality’ in relationship to agricultural yields.

In order to do this, we used the ISRIC 5′ ¥ 5′ datasets of soil
pH and organic carbon for the top 20 cm of soil (Batjes, 2006).
We posit that variations in soil pH and soil organic matter are
the best available proxies for soil quality and tilth on a global
scale (Ramankutty et al., 2002), especially given the relatively
poor state of information on global soils.

To separate the influence of soils from that of climate (espe-
cially since the two may be strongly correlated), we needed to
examine the relationship between yield and soils within each of
our 100 climate zones. Such an exercise quickly revealed that we
have insufficient samples within each climate zone to build

robust statistical relationships (indeed, our sample size was
already quite limited even when the analysis was restricted to
just climate).

While it might be possible to derive crop-specific functions
that relate soil conditions and yield, it is beyond the scope of the
current analysis. Here we aim to develop a growing condition
scheme that is complete enough to organize the world into
climatic classes that are accurate and meaningful, yet simple
enough to be distinct. Further study will be needed to quantify
the crop-by-crop relationships between soil chemistry and yield,
as no general, global relationships emerged from our analysis.

Calculating global ‘yield gaps’

In our analysis, we define the ‘climatic potential yield’ as the 90th
percentile yield achieved for a given crop in a given climate zone.
The ‘actual yield’ is the yield actually observed in a given loca-
tion, which may be significantly different than the climatic
potential yield. From these, we define the yield gap:

yield gap climatic potential yield actual yield= − (2)

and the yield gap fraction:

yield gap fraction actual yield
climatic potential yield

= − (
)

1
.

(3)

The yield gap fraction (a value from 0 to 1) tells us how close to
the climatic potential any given location may be. Those places
with a low yield gap (close to zero) have yields at or near their
climatic potential.

More often than not, developed countries have low yield gaps.
This is especially true for maize, wheat, potato, rapeseed, rye and
sunflower in western Europe (Fig. 6a,d, Appendix S3a,b), as well
as maize and soybean in the United States (Fig. 6a,c). A notable
exception to this is the cluster of high wheat yield gaps in the US
and eastern Canadian plains – both of which stand in contrast to
the low yield gaps of the western Canadian plains (Fig. 6d).When
high yield gaps occur in western Europe, they are often concen-
trated in southern countries like Spain, Portugal and Italy.

The low yield gaps of western Europe often come to an abrupt
halt at the border with eastern Europe. The yield gaps for most
crops – including maize, wheat, barley, rapeseed and sunflower –
are quite high in eastern Europe (Fig. 6a,d, Appendix S3a,b).
Yield gaps are also generally high for potato and rye in eastern
Europe, although some low yield gaps also occur in the region
(Appendix S3a,b).

Overall, yield gap patterns tend to be more variable in Asia
than in western Europe and the United States. However, clusters
of low yield gaps do exist, such as in and around the more
populous provinces of China – for example, rice, wheat, millet,
potato and rye (Fig. 6b,d, Appendix S3a,b) – as well as in some
parts of the Indo-Gangetic Basin – for example, rice, wheat and
rapeseed (Fig. 6b,d, and Appendix S3b).

Yield gaps across Africa are on the higher end of the spectrum
for many crops, especially maize and rice (Fig. 6a,b). When
lower yield gaps appear, they tend to be concentrated in a strip

R. Licker et al.

Global Ecology and Biogeography, © 2010 Blackwell Publishing Ltd8

with best management practices and currently utilized crop
varieties in the world around the year 2000. Further advances in
seed genetics, biotechnology, agronomic management tech-
niques and other agricultural technology may further boost
maximum yields far beyond what we see today. Instead, our

analysis considers today’s maximum achievable yields, for each
climate zone, and illustrates where we can potentially increase
yields today – without further advances in crop genetics or bio-
technology – by changing agricultural practices that are already
in place around the world.
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Figure 7 Yield gap fraction detail on a 5′ grid with an equirectangular projection for (a) wheat and (b) maize in eastern and western
Europe.

Investigating drivers of global crop yield patterns

Global Ecology and Biogeography, © 2010 Blackwell Publishing Ltd 11

Licker et al., 2010 
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Modélisation à large échelle 

•  Etude du fonctionnement des écosystèmes terrestres  
–  Echanges à l’interface surface/atmosphère  

•  de flux de matière (bilan GES) 
•  d’énergie (eau, chaleur) 

–  Productivité 
–  Rétroaction climatique 

 
•  Difficulté à représenter la diversité des pratiques et des systèmes 

agricoles et leurs impacts potentiels sur les cycles biogéochimiques et 
biophysiques 
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Interactions 

•  L’agronomie globale pourrait offrir un cadre méthodologique à 
l’évaluation à grande échelle de pratiques agroécologiques 
–  en utilisant des résultats d’études agronomiques et des sorties de modèles grande 

échelle. 
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Les objectifs du projet WAGALAM 

•  Echanger entre chercheurs afin de faire émerger des questions 
novatrices à l’interface des trois thématiques en question.  

•  Concrétiser ces échanges par:  
–  la soumission d’une proposition d’un projet de recherche plus 

développé, dans le cadre d’un AAP à venir, 
–  la rédaction d’un article de review. 



WAGALAM – Journée du 13 juin 2014!

Les moyens associés 

•  17000 euros pour 

•  Organiser les séminaires 
•  Inviter des collègues non franciliens 
•  Visiter des équipes/labos 
•  Frais de publication 
•  Gratification stage 
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Les objectifs de la journée 

•  Un peu mieux se connaître 
–  Quelques présentations (ce matin) 
–  Session Post-It 

•  Initier des échanges 
–  Atelier de l’après-midi 

•  Construire/définir les prochaines étapes de WAGALAM 
–  Thématique large (voire “vague” ?) 
–  Quelle découpe, pertinente, opérationnelle ?  
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Evaluation de pratiques relevant de 
l’agroécologie, de la petite à la grande échelle 

•  Bénéfices agro-environnementaux associés à l'insertion de 
légumineuses dans des systèmes de cultures (M.H. Jeuffroy) 

•  Analyse en cycle de vie de systèmes de cultures visant à réduire 
les émissions de GES (B. Gabrielle) 

•  Variabilité des rendements: exemple de comparaison 
légumineuses/céréales (C. Cernay) 

•  Distribution du phosphore dans les sols agricoles à l'échelle 
globale: drivers et incertitudes (B. Ringeval) 

•  Modélisation grande échelle du fonctionnement des écosystèmes 
terrestres: comment mieux rendre compte des pratiques 
agricoles ? (B. Guenet / N. Vuichard) 
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Session Après-midi 

1)  Session Post-It 
En quoi est ce que vos travaux contribuent/ relèvent de l'agro-écologie?  
 

2)  Atelier 1 
Comment changer d'échelle? Comment évaluer l'impact de l'agro-écologie à la 
large échelle (production, environnement)  
Discussion ouverte  
 

3)  Atelier 2 
Cas d'étude: augmentation des surfaces de légumineuses en Europe 

4)  Discussion générale 
 


