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Feeding 10 billion  
women and men requires  
a lot of innovations

In 2010, after a very wide consultation, the new 

orientations of the Institute for the next decade  

were adopted. Research priorities in agriculture,  

food and the environment are set by the urgent need to review knowledge 

and practices for sustainable agricultural and food systems. This means 

producing more –for food or other uses – while respecting the environment; 

contributing to the management of territories, promoting healthy food  

and adapting to global changes. For an applied research institute,  

the important subjects are at the crossroads of the biological, ecological, 

economic and social sciences, and the questions being asked by actors  

in society. The mobilisation of INRA teams, needed for better understanding, 

diagnosis and innovation in the face of the agronomic challenges of  

the 21st century, can be seen throughout this report.  Internally, the main 

programmes are the source of creativity in the great challenges of food 

safety and security. In 2010, the opportunity to be a part of investment  

for the future aroused stronger territorial involvement with the universities, 

and innovatory projects with agricultural industries and enterprises.  

In parallel, with the introduction in France of national alliances in health, 

energy and the environment, INRA is helping to advance scientific response 

to the demands from society. And lastly, the Institute is actively involved  

in AGREENIUM, strengthening the international scope of French 

education and research in agronomy and veterinary science and its part 

in development. The year 2010 is ending in debate with our supervising 

ministries on the objectives contract for the next five years. This will define 

the framework and instruments that will be needed to put our science policy 

into action. High quality research that reflects the concerns of the public, 

that enlightens local and global policies, that produces innovations: this  

is targeted science.

Marion Guillou

EDITORIAL
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INRA, an International Public Research Institute 
for Agriculture, Food and the Environnement
INRA is a major player in agricultural research in the world by the quality of its scientific contributions. Thus, the Institute has 

held its position at 2nd in world ranking for its publications on agricultural science, after the USDA . With the University of Davis, it 
shares the 2nd world rank in plant and animal science. It is still among the foremost world institutes in microbiology, ecology and 
the environment (see table). It is in the top 10 most cited research bodies in 15 out of its 22 disciplinary fields, within which social 
sciences and information sciences are emerging. Over the period from 2001 to 2008, INRA publications rose by 36%. Over 39% of 
all publications were co-signed by at least one foreign partner.
At the same time, the Institute has become a member of scientific consortia on an international scale. Thus, in the Global 
Research Alliance on Agricultural Greenhouse Gases which gathers thirty one States, it is contributing to improving agricultural 
productivity while reducing greenhouse gas emissions.
INRA is participating in AGREENIUM, with five national public partners, in building the French offer of research and education on 
an international level.

* On the basis of citations of publications from 2000 to 2010 (source: ESI of the WoS).

POSITION OF INRA IN THE WORLD AND IN FRANCE IN THE TOP 1% MOST CITED INSTITUTIONS
(according to citations received by articles published between 1st January 2000 and 31st December 2010)

DISCIPLINARY FIELD

ACCORDING TO NUMBER  
OF CITATIONS RECEIVED

ACCORDING TO NUMBER  
OF ARTICLES PUBLISHED*

World ranking French ranking World ranking* French ranking*

Agricultural Sciences 2nd/482 organisations 1st 3rd 1st

Plant & Animal Science 3rd/931 organisations 1st 5th 1st

Microbiology 14th/354 organisations 2nd 11th 3rd

Environment/Ecology 36th/585 organisations 2nd 20th 1st

* Data ESI Thomson Reuters, 1st March 2011

Lysometric plates set underneath  
a wheat field in Grignon.

© W. Beaucardet 
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HEADING FOR  
THE 21ST CENTURY

 A strategic plan for the Institute 
over a ten year period, adopted  
on 18th June 2010 by the INRA  
board of directors. 

INRA's research orientations for the 
period 2010-2020 are now structured 
around a major objective of sustainable 
food security in a context of global 
changes. In the 21st century, agriculture 
will have to meet a triple challenge: 
provide food in quantity and quality for 
the nine billion individuals who will be 
living on the planet in 2050, while at the 
same time preserving the environment 
and natural resources, in a context of 
increasing energy demand and dwindling 
fossil fuels. Research organisations 
dedicated to agriculture, the environment 
and food are at the heart of this challenge 
for we expect them to provide knowledge 
and innovations for sustainable 
production and diversified services 
(new agro-materials chains, maintaining 
biodiversity and so on).

Four scientific priorities research 
areas have been identified for 
proposing new solutions to meet these 
expectations: 

1 „ improve the economic, social 
and environmental performance of 
agriculture,

2 „ provide healthy and sustainable 
food systems,

3 „ promoting sustainable chemistry,

4 „ Reducing greenhouse gas effects 
and adapting to climate change. 

For these programmes to progress, 
certain fields and disciplines within 
INRA's wide skills base will have to 
converge. Two priority fields have been 
identified:  

„ Agro-ecology, a new discipline 
resulting from a crossing between 
agricultural science and ecology;  

„ Predictive biology, combining 
knowledge issuing from high throughput 
technologies and modeling to gain  
a better understanding in Life Science, 
from genes to populations, and to study 
varied situations, especially those that 
are predictable in the context of global 
change.

Metaprogrammes: Orienting and Organising 
Agronomic Research for Global Challenges
INRA, as an organisation for targeted research world wide, must be able to produce, 
assemble, integrate and disseminate knowledge in a continuum from fundamental 
research to innovations in the great scientific challenges confronting it. The need for 
integration is all the more important since the challenges to agricultural research 
are urgent and better perceived by society and since progress in science and tech-
nology is more rapid.

The launching of the metaprogrammes in 2010 is a response to this require-
ment for an interdisciplinary approach and to ensure coherence in the research 
carried out at the Institute. It is a question on the one hand of grasping the big sci-
entific challenges and mobilising researchers in coordinated fashion around cogni-
tive or applied issues; and on the other hand, of anticipating and working with the 
programming of research financing bodies in France, Europe or the world, on the 
questions addressed to agricultural research organisations. With these metapro-
grammes, knowledge, concepts, new methods and tools and innovations can be 
produced, and the programmes should be hotbeds of scientific creativity.

Because of the internationally shared global nature of the issues in agricultural 
research, these metaprogrammes will form one of the major frameworks for the 
internationalisation of the Institute. Through various processes (international pro-
gramme orientation committees, seminars, networks, research training) it will have 
to contribute to fostering initiatives with partners all over the world. 

The setting up of the metaprogrammes follows a five-year cycle based on a succes-
sion of steps: incubation, exploration, construction, implementation, monitoring 
and evaluation.

In 2010, three metaprogrammes passed through the steps of incubation  
and exploration: 

„ Integrated plant health management,

„ The adaptation of agriculture and forests to climate change,

„ Meta-genomics of microbial ecosystems.

Eventually, around ten metaprogrammes will be introduced. About one third of the 
resources of the Institute will be devoted to them.

Conference on Adaptation of Agriculture and Ecosystems to climate change in Clermont-Ferrand  
(oct 2010).
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2010 PANORAMA

 JANUARY 

ECOPHYTO R&D Under Debate
How to change the practices and to reduce 
the use of phystosanitary products during  
a conference at the Conseil Economique  
et Social 

On-line Consultation  
about the Orientations 
For the first time in France, a research 
institute opens to its public and private 
partners a wide consultation on Internet on 
its new scientific priorities in national and 
international, socio-economic, territorial, 
associative spheres, and also to ordinary 
citizens and agricultural professionals.

 FEBRUARY 

ALLENVI
The national alliance for research on  
the environment (food, water, climate, land) 
is created on the initiative of the Minister  
for Higher Education and Research. 

Salon International  
de l'Agriculture
The theme of the INRA stand: biodiversity.

 MARCH 

GCARD 2010
1st meeting of the Global Conference  
on Agricultural Research for Development 
(GCARD) in Montpellier.

Launching Solibam Project
Strategies for Organic and Low-input 
Integrated Breeding and Management:  
a European collaborative research project 
on the selection and management of 
biological or low-input cultures coordinated 
by INRA.

Signature of Scientific Interest 
Group with a Large Partnership
Relance agronomique (Innovation for 
Agricultural Boosting) and Élevage demain 
(Livestock farming tomorrow) to promote 
sustainable production systems.

 APRIL 

Kazagro Innovation
A Kazakh agricultural research organisation, 
chooses INRA to renovate its organisation 
and to design a research, training and 
development centre near Astana.

ANDRA and INRA Sign  
a Partnership Agreement
ANDRA (National Agency for the 
Management of Radioactive Waste)  
and INRA sign a partnership agreement  
for the long-term study of ecosystems  
in Meuse/Haute-Marne.

Discovery of a hitherto unknown 
strategy used by Listeria bacteria during 
cellular infection. Results published in 
the review Nature of 22nd April 2010.

 MAY 

“HR Excellence in Research” 
The European Commission awards the label 
"HR excellence in research" to INRA for its 
human resource policy.

 JUNE 

INRA 2010-2020 Strategic Plan
The board of directors adopts the new 
orientations of the institute for the next 
decade.

Launching of the European  
Initiative for Food Security  
coordinated by the United Kingdom and 
France, represented by INRA.

The Director of the Bharatya 
Agro-Industry Foundation (India)
visits the director of INRA. With this NGO 
there has been cooperation on bovine 
genetics since 2003.
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Climator Conference
in Versailles on the impacts of the future 
climate on agriculture.

Collective Expertise  
on Food Behaviours
Conference presenting the results of the 
collective expertise "Food behaviour. What 
are the determining factors? What actions 
should be taken, to what ends?"

 JULY-AUGUST 

The INRA Center in Versailles  
in the Top 10 World Institutions
offering a high quality of scientific  
and professional framework.

European Poultry Conference
(EPC 2010) organised in Tours with the 
support of INRA, AFSSA, ITAVI (technical 
institute of aviculture), CIRAD and the FAO.

Launching of the European 
Project DROPS
on drought-tolerant varieties, coordinated 
by INRA.

Visit by Valérie Pécresse  
and Bruno Le Maire
Visit by Valérie Pécresse, Minister  
for Higher Education and Research,  
and Bruno Le Maire, Minister of Agriculture, 
Food and Fisheries to the INRA centre  
in Colmar following the destruction of  
the experimentation on transgenic 
rootstocks of vine.

Global Forum in China
Participation of INRA in the Global Forum 
for Leaders for Agricultural Science and 
Technology organised by the Chinese 
Academy of Agricultural Science.

 SEPTEMBER 

Workshop on the Pollution  
of Environments
and environmental remediation at  
the Sun Yat Sen University in Canton 
(China) with the department of the 
Environment and Agricultural Science.

 OCTOBER 

INRA Award Ceremony
The Agricultural Research Award was 
awarded to Jean-Paul Renard.

Launching the Metaprogramme 
on Climate Change
Workshop on Adaptation of Agriculture and 
Ecosystems to Climate Change in Clermont- 
Ferrand and launch of the metaprogramme 
Adaptation of Agriculture and Forests to 
Climate Change.

 NOVEMBER 

ENDURE
Conference on the results of ENDURE 
on integrated protection in European 
agriculture.

First Crossroads for Agricultural 
Innovation (CIAg) on Food
Dedicated to lipids, sensory and nutritional 
implications.

Aphids in the grip of a bacterium go 
green. Results published in the review 
Science of 19th November 2010.

 DECEMBER 

INRA Adopts the National 
Charter for Expertise
resulting from the recommendations of the 
"Research" Operational Committee of the 
Grenelle environment talks.

Worms attack plants with genes stolen 
from bacteria. Results published in the 
review PNAS of 12th October 2010.
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A plant and a fly bring light  
on the function of a gene associated 
with cancer. Results published in the 
review PNAS of 14th September 2010.
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2010 INRA AWARDS

 THE AWARD FOR  
 AGRONOMIC RESEARCH 

The award for agronomic 
research was awarded to  
a personality whose contribution 
to the flourishing of agronomic 
research has been exceptional.

Jean-Paul Renard
In search of the beginnings of life
During 40 years of research, Jean-Paul Renard 
(research director, INRA centre in Jouy-en-
Josas), has always been at the forefront of the 
biotechnology of the reproduction of breeding 
animals. With the cow Marguerite, born in 1998 
in the INRA stables at Jouy-en-Josas, he dem-
onstrated the feasibility of animal reproduction 
by cloning. Fifteen years later, he developed 
techniques for the conservation and transfer of 
embryos, techniques that are still used today.

 THE AWARD FOR  
 A YOUNG RESEARCHER 

The award for a young researcher 
awarded the remarkable work  
of a recently recruited researcher 
at INRA.

Olivier Berteau
Enzyme hunter
As a research associate at the MICALIS Institute 
(Food microbiology in the service of health), at 
the Jouy-en-Josas INRA centre, Olivier Berteau, 
37 years old, hunts enzymes, synthesised by 
bacteria, which modify the food constituents 
in the human digestive tract. The researcher 
is seeking to understand the role of these 
enzymes which have been little studied up to 
now, certain of which, such as the sulphatases, 
could become outstanding catalysts in green 
chemistry.

 THE AWARD FOR  
 A RESEARCH ENGINEER 

The award for a research 
engineer is awarded to a person 
who has made a remarkable 
contribution to methodological 
development, the application  
of the results of research and  
the link with the needs of certain 
professions.

Dominique Arrouays
Soil in his blood
Fascinated by earth, Dominique Arrouays, 53, 
from the Orléans INRA centre, became inter-
ested early on in ways of mapping this non-
renewable and poorly understood resource. 
In 2000 he created Infosol, a service unit with 
the task of putting together for the first time 
a system of information on the soils of France 
and their evolution, a unit that he still directs.
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I
n the 21st century,  

world agriculture will have 

to meet a triple challenge: 

provide food in quantity  

and quality for the nearly  

nine billion individuals, while  

at the same time preserving  

the environment and find 

energy substitutes for dwindling 

fossil fuels. More will have  

to be produced and better 

produced, and new things 

will have to be produced. 

Agronomic research will  

more than ever have  

to contribute to this challenge.

Bio-fuels and Food Production  
The use of bio-fuels has largely been motivated by the "short" cycling of carbon which, 
unlike fossil energy, does not contribute directly to increasing greenhouse gas concen-
trations. The work carried out at INRA yields accurate data on the carbon footprint in 
Europe and North America. Changes in land use on a world scale to produce bio-fuels 
can lead to an increase in deforestation, to the draining of wetlands and to an increase 
in greenhouse gases. Moreover, the policies being followed in the United States and 
increasingly in Europe, which set quantitative targets, make the demand for agricul-
tural products more rigid and can amplify food price increases. On the positive side, 
bio-fuels appear to provide significant support to arable farmers without having any 
of the negative pricing effects for foreign producers that past policies had. Economic 
analysis of the various effects suggests that this support is financed largely by drivers, 
partially by farmers and food consumers, and less and less by tax payers.

GLOBAL FOOD 
SECURITY 

Harvesting sorghum for biomass in Estrée Mons domain.

©
 M

. P
re

u
d

h
o

m
m

e/
IN

R
A

©
 W

. B
ea

u
ca

rd
et



INRA  ANNUAL REPORT 2010  15

KE
Y 

SC
IE

N
TI

FI
C

 F
AC

TS
 |  

G
LO

BA
L 

FO
O

D
 S

EC
U

R
IT

Y

European Market and 
Re-localising of Agro-food 
Products 
The opening of the European market 
caused an increase in imports to France. 
INRA looked at the winners and losers 
among the regions. The increase  
in international agro-food competition  
is not unfavourable to the regions  
as a whole. Although the proximity  
of consumption catchments influences 
the spatial distribution of production,  
a growth in imports of agro-food goods 
does not make the large regions more 
attractive but strengthens those regions 
offering lower wages.

Innovation and Sustainable 
Development in Agriculture  
On the initiative of CIRAD, Montpellier 
SupAgro and INRA, the international 
symposium "ISDA 2010 - Innovation  
and sustainable development in 
agriculture and the agro-food industry" 
was held from 28th June to 1st July 2010 
at the Montpellier Corum.  
Over 500 participants from 65 countries 
discussed the ability of agricultural 
systems to innovate in order to promote 
sustainable development.

Transformation  
in Extensive Breeding  
In close collaboration with CIRAD,  
INRA has modelled the management 
of land in the livestock farming and 
multiple cropping regions in Africa,  
South America and France. It is essential 
to take account everywhere of the 
diversity of operations and adaptive 
strategies of farmers for a sustainable 
development of farming in rural areas. 
The work has shown a general trend  
for a restriction of pasture land that  
is likely to continue if support policies 
are not put into place. 

Expertise for a Better Understanding  
of Food Behaviour
At the request of the Minister for Food, Agriculture and Fisheries, INRA has led a col-
lective scientific expert’s panel with the aim of making available a knowledge bank on 
the various determining factors for food behaviour and to throw light on public action. 
Using over 1600 international scientific articles and the work of around twenty experts 
in various disciplines (epidemiology, nutrition, sociology, economy etc.), this panel 
is shedding light on the many factors that interact and influence food behaviour. It 
emphasises the need to increase research by the monitoring of large social groups to 
better understand how food practices grow up and what their links with the state of 
health of the population are.

Publishing of the Foresight Exercice Agrimonde 
The Agrimonde foresight exercice, which studies the scenarios for feeding the world in 
2050, is published by Quæ in French and English. The 21st century will have to meet a 
triple challenge for agriculture and food: food security, the protection of the environ-

ment and the dwindling of fossil 
fuels. With this in mind, in 2006 
INRA and CIRAD launched the 
initiative of a foresight project on 
the challenges for world food and 
agricultural systems on a 2050 
horizon. This publication pre-
sents the statistics for the period 
1961-2003 and the Agribiom 
simulation tool to establish the 
balance between jobs and bio-
mass food resources. There fol-
low analyses of two scenarios for 
the 2050 horizon: Agrimonde GO 
is a trend-based scenario based 
on an assumption of economic 
growth in a context where pre-
serving the environment is not 
a priority; Agrimonde 1 is a sce-
nario where the aim is to feed 
the planet while looking after the 
eco-systems.
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I
n the future, agricultural  

and forestry systems  

will have to come  

to terms simultaneous with  

the three pillars of sustainable 

development: economic 

performance (developing 

competitive business), social 

performance (ensuring  

the co-existence of  

the diversity of operations)  

and environmental performance 

(limiting inputs, managing 

countryside). 

Four New Varieties of Soft Wheat 
In October 2010, three varieties of INRA soft winter wheat (Flamenko, Folklor and Musik) and 
an Agri-Obtentions variety (Karillon) were entered in the official catalogue of plant species and 
varieties. These varieties combine productivity, disease tolerance and very good bakery value. 

INRA has for many years been 
carrying out a programme for 
the selection of soft wheat to 
meet the challenge of reduc-
ing inputs. The original aim 
was to create genotypes multi-
resistant to diseases, and to 
this has been added the issue 
of nitrogen recycling and more 
recently the theme of competi-
tion with adventitious species 
as an alternative to herbicides. 
These four wheat varieties give 
useful diversity to the range 
of hardy varieties offered by 
Agri-Obtentions, particularly in 
terms of early cropping. They 
enable farmers to reduce the 
use of fungicides and nitrogen 
by maintaining or improving 

the gross margin for crops. The degree of hardiness, which is still dispersed in the 4 varieties, 
should be cumulated to eventually obtain a real "sustainable" ideotype. For this reason, the 
selection, now aided by molecular markers, will be pursued in the innovation programme for 
varieties of soft wheat with high economic and environmental performance.

THE ECONOMIC, SOCIAL AND 
ENVIRONMENTAL PERFORMANCE 
OF AGRICULTURE AND FORESTRY

Bombus Vestalis  
is gathering pollen  
from a sunflower  
in Brienne-le-Chateau.
© P. Thiebeau / INRA
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ENDURE: the Network 
Becomes Permanent
After coordinating the European excellence 
network ENDURE, on the integrated 
protection of plants between 2007  
and 2010, INRA, with 13 other partners, 
decided to share resources to create 
a permanent structure, the European 
research group ENDURE. There are  
4 aspects to the work of this group: 
identifying research needs in order to 
ensure the coherence of plant protection 
research programmes, maintaining 
and sharing skills and tools within the 
scientific community, providing scientific 
expertise to back up the development of 
public policies and finally making available 
to technical advisers a range of documents 
validated by ENDURE. 

Individualising  
Goat Herd Management
The homogenisation of animal  
performance has reached its limits.  
A simulator of individual dairy goat herd 
management (SIGHMA) is an aid to the 
better understanding of the individual 
variations in performance in response 
to different practices. Using SIGHMA, 
alternative management practices linked  
to perturbations (health issues, climate 
etc.) can be assessed, and the adaptive 
ability of the herd can be quantified.

Innovatory Systems  
to Reduce the Use  
of Pesticides in Orchards 
Using the 'BioREco' procedure, nine systems 
of apple orchard production have been 
evaluated, by combining three modes  
of protection (Rational, Economical inputs, 
Organic Farming) and three varieties  
of differing sensitivities to scab (sensitive, 
little sensitive, resistant). Using systems 
combining low sensitivity by variety, 
alternatives to chemical combat and  
a fine-tuned prediction of the risk related 
to plant pathogens. 

Introduction of Genome Selection  
in Dairy Cattle
Genome selection should develop rapidly from 1st January 2011 and could affect a large pro-
portion of females in the French stock. This technology is revolutionising animal improvement. 
With it, the precise genetic potential of an individual can be assessed from a fast rate analysis 
of its genome. The prediction is made with the aid of a model based on a reference popula-
tion. Here, nearly 20 000 bulls have been analysed as references, partly internally by genotyping 
French bulls, and the remainder by European exchanges in the framework of EuroGenomics. 
The genome indexes are calculated by INRA for about thirty characteristics and have an official 
value, internationally recognised by Interbull.

Dairy cows at the experimental unit in Méjusseaume.
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Fire vs. Fire
By adapting Europe to the principle of integrated fire management, the Fire Paradox project 
has laid the foundations of a European directive on fire management. The year 2010 saw the 
publication of the book Fire Paradox aimed at the scientific community and of the Handbook of 
policies, for decision makers and the general public. Launched in 2006, Fire Paradox was aimed 
at preventing the disastrous consequences of fires from a social, economic and environmental 
point of view, particularly in the Mediterranean countries. INRA participated in this project by 
producing a simulator for fire propagation on a landscape scale (Vesta), a method for describing 
and modelling fuels, a software application platform showing the management of fuels (Fuel 
Manager) connected to a European database on fuels. Furthermore, a 3D modelling tool for fire 
propagation and its effects 5Firetec) has been developed as part of a collaboration with the Los 
Alamos National Lab.

Targeted burnout in Luberon made by a Forest National Office staff.
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G
lobal warming will  

first and foremost 

affect agriculture  

and forestry, with drastic 

changes in water availability, 

the arrival of new pests, 

modification in the nature  

of soils, perturbed eco-systems 

etc. The research carried out  

by the Institute will have  

to play a role in limiting  

these impacts and exploring 

the possibilities for the forests, 

crops and livestock breeding 

to contribute to attenuating 

climate change.

Why Are Wheat Yields not Increasing  
in Europe? 
Since the mid-1990s, the lack of progress in wheat yields has been marked in France and in 
many other European countries such as Germany, Italy and Denmark. Researchers at INRA 
and Arvalis have published hypotheses to explain this worrying European phenomenon. The 
results show a great sensitivity of agricultural performance to climate change and to the type 
of rotation practised (rape often replacing leguminous crops). They confirm that these down-
ward factors have begun significantly to counter-balance the beneficial effects of genetic pro-
gress. This observation bears out the idea that these factors are having a greater and greater 
effect on the year to year variability of wheat yields. New prediction methods for national 
yields should now be developed and the future impact of climate change should be analysed 
with precise estimations of the downward effects of the climate and the positive effect of fer-
tilisation by atmospheric carbon.

MITIGATION 
OF THE GREENHOUSE EFFECT
AND ADAPTATION OF AGRICULTURE AND 
FORESTS TO CLIMATE CHANGE

Wheat harvest in Avallon.
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How Trees Adapt to Climate Change
This research concerns the adaptive strategies of tree populations to climate change. 
The work was carried out in the Pyrenees on widely distributed European species (ses-
sile oak, common beech, maple and ash) and at an altitude range covering 1500 m 
corresponding to a temperature range of 8°C. Measurements were made of variations 
according to altitude of morphological, physiological and phenological features in situ 
(to estimate the phenotype variability), in common garden (for genetic variability) and 
in experimentation on reciprocal transplantations (for phenotype plasticity). Overall, 
our results show that the phenotype variability of most functional features is environ-
mentally and genetically determined, albeit with a relatively weak genetic contribution 
compare with phenotype plasticity.

Reid's Paradox Explained
Initially associated with the post-glacial re-colonisation by certain plant species, 
Reid's paradox now designates any re-colonisation taking place faster than pre-
dicted on the basis of known dispersion capacities. The work carried out at INRA 
has led to an alternative explanation to long distance dispersion for phenomena of 
acceleration and high speed propagation. It has been shown in the case of the pine 
processionary caterpillar that after colonisation-retraction events, the spatial distri-
bution of the populations concerned may be such that re-colonisation takes place 
at increasing rates, even in the case of diffuse dispersion. These results, based on a 
complete mathematical study of classical diffusion models for initially decreasing 
data, are in contrast with the current theory according to which diffuse dispersion 
can only lead to constant propagation rates.

Toward a New Stern Review
With 11 research groups from 7 member 
states gathered together, the European 
project GLOBAL-IQ has the goal of 
updating the Stern review and the GIEC 
reports. The aims are, on the one hand, 
to review the costs of climate change  
on a national, European and world scale 
in the medium and long terms, and, on 
the other hand, to analyse the benefits 
to be expected from the different 
policies for tackling global warming.

Compost and Carbon 
Storage in Soils 
The dynamics of carbon from residual 
organic products (muds, compost)  
is described with the aid of a model  
to estimate the proportion of carbon 
stored in soils in the medium-long term. 
The innovation in the approach lies  
in an ability to predict based on  
the biochemical composition of  
the residual organic products.

What are the Genetic Bases 
for Tolerance to Extreme 
Temperatures?
The chromosome sections (QTL, 
Quantitative trait loci) involved in 
tolerance to sub- and supra-optimal 
temperatures during the first stages  
of development of plants have been 
sought in the model species of alfalfa 
Medicago truncatula. The study has 
depended on close collaboration between 
eco-physiologists and geneticists, and 
has contributed to the development  
of fast automatic phenotyping.
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How Forests and Grasslands React  
to Heat Waves
How soils are covered and used plays a key role in water regulation in the soil during 
heat waves. Recent results provided by European networks of flux towers show that 
forest and grasslands environments do not react in the same way. At the start of a 
heat wave, the surface warming is twice as high in forests as on grasslands, where a 
sharp increase in evapotranspiration limits the increase in temperature. However, this 
process causes the humidity of field soils to diminish more rapidly, producing longer 
term regional climate warming. In forest soils, the water status results in a short-term 
temperature increase but is a key regulatory factor over longer periods.
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T
he inevitable dwindling 

of fossil fuels, associated 

with the need to limit 

greenhouse gas emissions, 

is making us shift toward 

the development of a green 

chemistry of renewable  

carbon and in particular  

to the production of energy  

from vegetable organic  

matter (or biomass).  

The research will have  

to find ways of spiking  

the efficiency of the processes 

so as not to compete with  

food production.

Less Lignin for Better Fermentation
Laccases are enzymes involved in the polymerisation of lignin, a major component of 
plant cell walls. This lignin is actually an obstacle to the efficient use as biomass of the 
polysaccharides also present in the cell wall. Among the 17 genes coding laccases, the 
major role of two of them has been demonstrated in a mutation of Arabidopsis thali-
ana. The stems of mutated plants, where blocking the expression of these two genes 
reduces the activity of the laccases, shows a reduction of nearly 40% in their lignin 
content and better fermentation to bioethanol. Apart from clarifying the role of lac-
cases in the early steps of lignification, this result is particularly important in the con-
text of the use of plants for bioenergy. An initial patent application was made in 2009 
from the results obtained on Arabidopsis thaliana. An extension to the concept of this 
patent was requested in 2010 for cultivated plants (maize, rice, poplar). 

USING BIOMASS FOR CHEMISTRY 
AND ENERGY

Arabidopsis thaliana.
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Discovery of New Enzymes 
for Polysaccharide 
Degradation 
Fast functional metagenomics has 
given a better understanding of how 
bacteria degrade plant polysaccharides 
in our intestines. Thus, researchers have 
identified 73 polysaccharide degradation 
enzymes, several of which belong to new 
families that have never been previously 
characterised. In the short term, the 
performance of these enzymes, alone or 
in cocktails, in the degradation of plant 
biomass is evaluated. In the longer term, 
the aim is to develop a synthetic biology 
approach inspired by systems developed 
naturally by bacteria to degrade the 
complex structures of polysaccharides. 

Cellulose Nanocrystals  
to Stabilise Emulsions 
The work has demonstrated the possibility 
of making stable emulsions without 
surfactants by using polysaccharide 
nanocrystals from biomass as a stabiliser. 
This type of emulsion, called Pickering 
emulsion, has original properties which, 
combined with those of polysaccharide 
nanocrystals, opens the field to new 
applications in domains as varied  
as agro-food, cosmetics, lubrication, 
chemical synthesis and the medical 
domain. This discovery has been patented.

Innovation in the Protection 
of Active Principles
A new form of protection and targeting  
of food additives is based on the formation 
of a complex between the active principle 
to be added (in this case curcumine)  
and glycerol. The procedure respects  
the constraints of ecodesign and allows  
a remarkable gain in anti-oxidant activity 
of the active principle in the final product. 
A patent is being applied for.

The White Chemistry of Lipids 
Whether for biofuels or bioplastics, the development of white chemistry for the production of 
lipids as an alternative to petrochemistry requires specialised knowledge of the metabolism 
of these compounds. A systemic analysis of the metabolism of lipids has been undertaken 
with the oily yeast Yarrowia lipolytica. The study is on the synthesis, assimilation, storage and 
mobilisation mechanisms of lipids. This research alternates between global (functional and 
evolutive genomics, transcriptomics, lipidomics), specific (biochemistry, enzymology) and 
modelling approaches in order to obtain an integrated and formalised description. Using this 
novel approach, the production of some lipids has already been optimised and so-called "obese" 
yeasts have been obtained by genetic engineering; these yeasts accumulate lipids or biodegrad-
able polyesters.

Yarrowia lipolytica yeasts (optical microscopy).
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Metagenomic screening plate.
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Early Results from an Economic Model  
for the French Forestry-Wood Sector 
Version 1.0 of the French forestry sector model, which has been operational since 2009, is deliv-
ering its first results. It has been used to test the impact on the sector of biomass energy policies 
and measures to combat climate change. The model suggests that in the short term (2020), 
the economic cost of a massive and rapid increase in wood consumption for the production of 
energy appears high, and that a generalised carbon tax is likely to have a positive impact on the 
forestry-wood sector. The model is a tool to study prospects (and not to forecast), deliberately 
simple, which represents the industry from forestry production to consumption of the trans-
formed products. From a methodological point of view, it is innovatory by its biological module 
representing the dynamics of the resource. With version 2.0 of the model it will be possible to 
study prospects in the medium and long term (2050/2100).

Oaktree in Longchamps National Park.    
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T
he great changes  

in food practice,  

along with  

the changes in the offer  

and the mass production  

of food, with consumption  

and its consequence on health 

and quality of life, are all  

the greater since the changes 

are deep in both developed  

and emerging countries.  

The question of food safety  

will have to be tackled  

on a global scale by gaining  

a better understanding  

of the links with chronic 

illnesses, while keeping  

a watch on the environmental 

and social implications of food 

systems. 

Our Intestinal Bacteria Reveal  
Their Genetic Secrets 
With the European project MetaHIT, making available on a communal basis the resources and 
expertise required by the extent of the knowledge to be analysed, researchers have for the first 
time sequenced the whole of the genes of the bacteria (or metagenome) hosted by the human 
gut. Unlike the human genome, the genome content of these bacterial communities has up to 
now been unknown. And for a good reason: living without oxygen in the shelter of our intestines, 
in an environment difficult to characterise and reproduce, most of the bacteria cannot be cul-
tivated in the laboratory. This metagenome contains 150 times more genes than the human 
genome, and the most detailed analysis has shown that the sequenced genes come from around 
a thousand species of intestinal bacteria. At least 170 of these species are living in each indi-
vidual, and 40% of them are present in one individual out of two. Going beyond this description, 
the study opens the way to research on the differences in bacterial composition in the intestinal 
flora of healthy and sick individuals. In the longer term, this research should make it possible to 
propose favourable diets for, or better treatment of illnesses where micro-organisms play a role.

FOR HEALTHY AND SUSTAINABLE 
FOOD SYSTEMS
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Colony of bacteria on the mucosa of the digestive tract.
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Fruits and vegetables in Rungis 
International Market in 2010.



INRA  ANNUAL REPORT 2010  23

KE
Y 

SC
IE

N
TI

FI
C

 F
AC

TS
 |  

FO
R

 H
EA

LT
H

Y 
A

N
D

 S
U

ST
A

IN
A

B
LE

 F
O

O
D

 S
YS

TE
M

S

Orange Juice Good  
for Arteries 
The study has shown that consuming 
orange juice has a positive effect  
on the endothelial function and on 
diastolic arterial pressure. These effects 
are also obtained by the consumption 
of purified hesperidine, the principle 
polyphenol present in orange juice, 
suggesting that this could be directly 
involved in the beneficial effects. 
Establishing the "effective levels"  
of hesperidine in orange juice could  
then lead to recommendations in terms 
of daily portions of orange juice, or  
of whole fruit.

The Pig Brain in 3D
The pig is a model animal to study  
for an understanding of food behaviour 
in man. Atlases constructed from high 
resolution magnetic resonance imagery 
data and histology in 3D are available 
to the international community of 
neurophysiologists. Using them,  
the cerebral structures involved during 
the making of food choices can be 
identified and neurosurgical operations 
can be carried out with image guidance.

Are Nutritional Policies Effective?
Information, recommendations, education ... Public actions in the field of food have had a few suc-
cesses, but have not significantly limited the rise in some pathologies such as obesity. This study 
enables a preliminary assessment of the value of public policies using the economic instruments 
of prices and incomes. The targeted taxing of junk food would significantly reduce infantile obesity. 
A policy of food tokens for fruit has a higher cost-effectiveness ratio than a price policy.

Argumentation Feature in Decision-support Tool
In a partnership between INRA and INRIA, a 
generic method has been developed based 
on argumentation to support decision in the 
agro-food industry. The proposed approach is 
novel both in its theory and in its application. 
It can help to resolve the main blocks related 
to arbitration within industries, such as the 
analysis of the stakes, the consequences of a 
decision and the explanation of a process that 
has led to the decision.

Understanding Milk Allergy in Nurslings
Milk allergy is a pathology affecting mainly young children following their first exposure to non-
human proteins. They are for the most part allergic to caseins. This new outbreak is surprising 
since these poorly structured proteins should be highly degraded during digestion. The increase 
in intensity of heat treatments given during the manufacture of infants' formula milk is a hypoth-
esis to explain the resistance of caseins to digestion. The heat treatments lead to the formation 
of protein aggregates with a resistance to digestion that is greater than that of the native pro-
teins from which they derive.
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T
he organisation  

of living things,  

the physiology  

of organisms, the interaction 

between genes ... INRA  

is participating in the latest 

advances in biology, with  

the accent on crossing  

with other disciplines.  

This fundamental knowledge, 

potentially able to bring 

innovation, is vital to helping 

in understanding the 

research issues in the fields 

of food, agriculture and the 

environment.

Shedding Light on the Black Truffle Genome
The fruit of 5 years of work, the first decrypting of the genome of an edible fungus, the Perig-
ord black truffle (Tuber melanosporum), was completed in March 2010. Beyond its academic 
interest, this complete sequencing has enabled the development of fast tools for diagnosing the 
genetic polymorphism of the truffle. For centuries, wide variations in the organoleptic properties 

of truffles have been observed, 
depending on where the truf-
fles were harvested (Périgord, 
Provence etc.), the nature of the 
soil and the degree of maturity. 
DNA sequencing has enabled 
several thousand genetic mark-
ers scattered throughout the 
genome to be identified. Ten of 
them are currently being used 
to compile a genetic finger-
print file for around fifty of the 
populations of Tuber melano-
sporum from Italy, Spain and 
France. This genetic fingerprint 
file facilitates the "typing" of 
the geographical origins of the 

harvested truffles, enables certification tools for these products to be introduced and helps in 
the detection of any frauds. This work coordinated by INRA has involved the Genoscope and 
researchers from CNRS, CEA, the universities of Lorraine and the Mediterranean and Italian col-
leagues from Turin, Parma, Perugia, Urbino, Rome and L'Aquila.

MECHANISMS OF LIFE 

Cartography of 15-hours old mouse  
embryo pronuclei.

© INRA

Truffle germination.
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The Origin of Plants
Nearly 10 000 ancestral genes are at the origin of modern plants. A research team at INRA has 
proposed a model of the evolution mechanism governing the appearance of new plant species 
and their adaptation to their environment. With this knowledge we can identify with precision the 
regions carrying the genes that have a common origin in the genomes of rice, maize, sorghum and 
apple. This work is leading to a better understanding of the evolution of species over more than 
150 million years. It also enables researchers to look more efficiently for the genes involved in the 
characteristics of agronomic interest in species in which the genome has not yet been sequenced, 
for example wheat, and to study the function responsible for an improvement in the variety. 

Allopolyploid Species and Regulation  
of Recombination

Most cultivated species such as rape, wheat 
and tobacco are allopolyploids. This means 
that in their cells there are juxtaposed sev-
eral sets of chromosomes from parent spe-
cies (or progenitors). It has now been shown 
that polyploidy is an important mechanism 
in speciation, playing a key role in the evolu-
tion of plant species and their diversification. 
This has led to a search for structural and 
functional modifications that occur during 
speciation. These modifications, differing 
according to the allopolyploidal species, are 

produced on hybridisation between the progenitor species. Another result, the recombination 
between homologous chromosomes (from the same progenitor species) and homeologous chro-
mosomes (from two different progenitors) depends on the species analysed and can be altered. All 
of these data must be used to widen the genetic base of cultivated wheat and rape.

The First Characterisation  
of Ovine Natural Killer Cells
For the first time, Natural Killer cells have been characterised in a small ruminant and the intes-
tinal mucous of sub-populations has been studied. The formal identification of these cells in 
ovines, eagerly awaited by the scientific veterinary community, opens the way to the functional 
characterisation of the important cells in innate immunity in various emerging pathologies. 
Through this project, there is emerging a European group working on innate intestinal immunity 
in ovines in collaboration with Scottish and Norwegian groups.

Wheat cell during meiosis.
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Limits in Genome Plasticity
By transferring the nucleus, the genome  
of a differentiated cell can be 
re-programmed to a pluripotent state.  
A team has shown in particular that this 
re-programming becomes abnormal when 
the stem cells come from the epiblast, 
a cellular sheet from a later embryonic 
stage. From these results, we may ask 
what is the reprogramming capacity  
of new induced pluripotent stem cells 
(iPS). Nucleus transfer appears to be  
a useful model for testing the ability  
of a stem cell to re-programme.

Metabolimic Inputs  
for Fruit Quality 
The variability in the composition  
of melons has been shown by combining 
five approaches to the metabolome 
by NMR and mass spectrometry and 
integrating the mineral element profile. 
The combined analysis of around  
2000 metabolic signatures acquired 
as part of the European project Meta-
Phor has enabled the identification of 
candidate metabolites for the fast rate 
screening of populations in genetic 
improvement programmes aiming to 
improve the nutritional and organoleptic 
quality of the fruit.
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P
redictive approaches 

in biology are at the 

crossroads of interactive 

biology and modelling.  

The former established  

the link between research  

on the molecule and research 

on populations. The latter 

enables the modelling 

of complex phenomena. 

Developing these approaches 

strengthens the development  

of integrative biology,  

an original contribution  

from the Institute of Sciences  

of the Living, and enhances  

the scope of research on 

systems of agronomic interest.

A Highly Mechanical Organ Formation
In generating gradients of the hormone auxine, the protein PIN1, plays a key roles in the for-
mation of aerial organs of plants. Using an integrative approach to biophysics and modelling, 
researchers at the ENS, Lyon, and INRA have shown that the behaviour of PIN1 may be under 
mechanical control, this revealing a major role for physical forces in the building of plants. It has 
been suggested that PIN1 is polarised in a way that amplifies the auxine differentials: any A cell 
capable of measuring the concentration of auxine in its neighbours and polarising PIN1 in order 
to evacuate the auxine to the cell richest in auxine. This work shows that a given cell is capa-
ble of reading the auxine concentration in its neighbour by measuring the pressure in its own 
membranes. These results tend to show that the development should no longer be considered 
to be under the strict control of genetics, but rather as a process at several interactive levels. 
Computer models facilitate this multi-scale integration, and can also be used for prediction. Vir-
tual plant models should also enable the prediction of the development qualities and hence the 
agronomic qualities of cultivated plants.

PREDICTIVE APPROACHES 
IN BIOLOGY
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Computer generated model of mechanical  
strains in a meristem.

Simulation of a 10 month old cloned  
Eucalyptus root system in Congo.
© C. Jourdan, H. Rey / INRA
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From Pattern  
to Biological Network
In collaboration between INRIA and INRA, 
statistical methods have been developed 
to analyse the composition of a biological 
network in patterns, models of random 
graphs adapted to biological networks 
have been proposed. The statistical tools 
that have been developed can be used 
to search for significant patterns  
in the various types of biological  
network (interactions between proteins 
or metabolic pathways) in order  
to improve understanding.

Fluid Mechanics  
Involved in Gene Expression 
By accounting for the cellular 
deformations and movements, using 
fluid dynamics, the dynamics of gene 
expression in growing tissues can  
be quantified. With this original method, 
the temporal and positional aspects  
of the control of gene expression  
in a developing organ can be separated. 
This analysis combines the techniques  
of quantitative PCR and in vivo imagery 
of the velocity fields on the apical  
zone of the root. 

Constructing and Assembling  
Chromosome Maps
With many livestock genome sequencing projects coming to term (cows, pigs, sheep, 
goats), the process of assembling the chromosome sequences has underlined the 
importance of chromosome maps of intermediate resolution. INRA researchers have 
contributed significantly to constructing and validating assemblages of genomes of 
pigs and sheep. They have recently introduced methods for sorting a very large num-
ber of markers while providing measures of uncertainty in the mappings which have 
become extremely useful in constructing very high density mappings, using SNP 
arrays with over 50 000 markers available for these species, and for the identification 
of problematic regions in the assemblage. On the strength of these results, the team 
has been asked to participate in constructing high density mappings for the goat, the 
buffalo, the trout and the armadillo.

INRA Rewarded in DREAM Challenge
An INRA team won the Systems Genetics award in the international challenge Dia-
logue on Reverse Engineering Assessment Methods (DREAM). The challenge was to 
infer causal gene networks from simulated data provided to the competitors. Organ-
ised annually for the last 5 years on the theme of biological networks by IBM and the 
universities of Harvard and Columbia (USA), DREAM catalyses interactions between 
biologists and computer scientists or mathematicians.

Automated Phenotype Analysis 
Genome selection enables the 
in silico identification of favour-
able gene alleles, for example for 
drought tolerance in plants. This 
requires robust links to be set up 
between these gene alleles and 
the tolerance characteristics, 
based on the analysis of geno-
types and phenotypes of large 
collections of plants. With the 
INRA platform PhenoArch, the 
automated phenotype analysis of 
1650 plants under closely meas-
ured climate conditions has been 
carried out, with measurements 
of architecture, foliar surface, 
biomass, transpiration and water 
efficiency. Using modelling, these 
characteristics can be associated 
to alleles by genetic association. It 
is also an essential tool for identi-
fying sensitivities that can then be 
analysed genetically.

High density chromosome map.
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Phenoarch robot in Montpellier.
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A
groecology is the 

result of a crossing 

between agronomy 

and ecology. It will enable 

a better understanding of 

the interactions between 

agriculture, breeding, forestry, 

services of ecosystems and  

their physical environment.  

It covers the integration  

of processes at a countryside 

level and should eventually lead 

to the multicriteria management 

of agroecosystems in the long 

term. 

National Cartography  
of Soil Microbial Systems 
How well is maintaining the biodiversity of the soil correlated with the good functioning 
of the agro ecosystem? To find out, first of all it is necessary to know how the microbial 
diversity of soils evolves. The cartography of this diversity has been developed using 

samples from the soil quality 
network set up in 2002. On 
French soils, the microbial 
communities have been char-
acterised using the tools of 
molecular biology. It appears 
for example that local param-
eters (type of soil, soil usage) 
have a stronger influence 
than global parameters (cli-
mate, geomorphology), on 
the distribution and hence 
the determinism of the abun-
dance and the diversity of soil 
bacterial communities. This 
project has provided data for 
the first repository for the 
microbial diversity of soils, on 
the platform GenoSol, which 

in the long run should enable the development of soil quality bio-indicators that are 
reliable and operational for agricultural farmers. Eventually these measurements 
will be coupled with measurements of the biological functioning of soils to provide a 
generic link between soil microbial diversity and the eco systemic services provided 
by the soils.

AGROECOLOGY
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Bacteria colony in humus (Scanning electron microscopy).
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How Can Sloping Ground  
Be Stabilised?
This project in collaboration with CIRAD 
aim to determine the best management 
strategies for sub-alpine sites rendered 
fragile by landslide in France, and 
of combating erosion in Yunnan and 
Shaanxi (China). The root architecture 
and the mechanical properties of the 
root systems of local species potentially 
effective in stabilising unstable slopes 
have been studied and entered into 
a database. This has enabled numeric 
analysis tools to be developed for 
analysing the stability of slopes, 
allowing better understanding of the 
local mechanisms of soil reinforcement 
by roots and in particular has enabled 
important root features to be identified.

Modelling Nitrogen Pathway 
Through the Plant
The Nema model has been developed  
to simulate the uptake and distribution 
of nitrogen in an effort to provide  
a realistic botanical representation 
of plants. A novelty in this approach 
has been to quantify a pool of mobile 
nitrogen in the plant that regulates the 
production of photosynthetic proteins, 
the filling of the seeds and the root 
activity. This work represents an advance 
in the development of integrated  
plant models and opens the way  
to phenotyping and the simulation  
of complex plant populations.

No More Limits to Measuring Biodiversity
The Weitzman biodiversity index has interesting theoretical properties. But its prac-
tical scope is severely limited by the number of intermediate calculations needed to 
obtain the final result. This drawback can be overcome using an algorithm and BioIn-
dexa calculator together to estimate the Weitzman biodiversity index, without any limit 
as far as is known. Tests have been carried out on samples containing up to 1000 spe-
cies. Using a personal computer, the procedure finished the calculations after 6 days. 
It is currently the only calculator in the world able to handle more than 30 species. 
BioIndexa is available on a web page dedicated to diversity indicators and on Internet 
with restricted access.

Managing Conservation Policies
How can production and conservation in a pasture be reconciled? This agroecosystem 
is lacking data on the effects on biodiversity of different agricultural uses. Different 
models have been used to formalise the interactions on three scales (plot, farm, land-
scape) between the practices of pasture and hayfield and the ecological dynamics of 
two species of grassland bird. The originality of the method lies in its use of the theory 
of the reliable control. This offers a multicriteria framework for evaluation without any 
a priori hierarchy between the criteria, and where each criterion is expressed in its own 
unit; in this way the monetisation of biodiversity is avoided. From the point of view 
of management, these results suggest that we should reconsider the current agro-
environmental measurements defined on an annual basis and by plot, and that we 
should consider the heterogeneity of landscapes which appear as a major lever in the 
reconciliation of production and conservation.

Northern Lapwing nest in grassland of Poitou.
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F
eeding the world better, 

caring sustainably for 

the health of plants and 

animals, adapting to climate 

change ... the current challenges 

of agronomic research require  

a very broad mobilisation  

and crossing of disciplines  

to integrate all the facets  

of these complex issues.  

The opening of partnerships 

and the international dimension 

are essential parts of a systemic 

approach that takes account  

of the interlocking of spatial 

scales, the diversity of situations, 

the relationships between 

players, techniques, natural 

resources and markets.

Adopting a Roadmap for the European 
Joint Programming Initiative on Food Security, 
Agriculture and Climate Change
In 2010, the Joint Programming Initiative (JPI) - Food security, Agriculture and Climate Change 
(FACCE) was joined by Switzerland and Belgium and now has nineteen members. A governance 
structure has been definitively adopted, comprised of a steering committee, a scientific council 
and a secretariat provided by INRA and BBSRC. The scientific council has produced a research 
calendar, adopted by the steering committee in December. It gives the vision of the JPI, its field 
of activity and the five main themes: integrated research on food safety, sustainable intensifica-
tion of agricultural systems, optimisation of the choice between production and biodiversity, 
adaptation of the food chain to climate change and finally, attenuation of the greenhouse effect 
by forests and agriculture. Pilot action is planned for the summer of 2011 with a detailed analysis 
of the climate change-related risks to European agriculture and food security.

MOBILISATION ON 
GREAT CHALLENGES 
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Experimental parcel in Estrée-Mons equipped to monitor carbon and nitrogen flux.
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Research  
on Water Shortage
The European DROPS project (DROught-
tolerant yielding PlantS), coordinated 
by INRA, was officially launched on 
27th August 2010 in Montpellier. 
The aim of this project is to tackle 
problems in agriculture brought about 
by diminishing water resources. New 
methods and strategies have to be 
developed to protect crop yields during 
drought periods and improve the water 
efficiency of the plant. This project, 
which combines physiology, genetics 
and modelling with field trials and new 
phenotyping platforms, involves maize, 
hard and soft wheat and sorghum.

Reference Work  
on Emerging Diseases 
"Epidemiology of Emerging Diseases 
in Plants, Animals and Man" is a 
collaborative reference work in which 
general epidemiological concepts are 
applied to the emergence of diseases 
in plants, animals and man. Emerging 
diseases are potentially able to trigger 
devastating environmental crises  
and a major challenge to health in 
plants, animals and man. Their novel 
and unpredictable nature makes them 
difficult to anticipate and they are now 
the subject of pluridisciplinary reflection 
and specific analysis.

Creation of Metaprogrammes:  
Towards Transdisciplinary  
and International Research
In 2010, INRA set up metaprogrammes, integrative research programmes at the con-
vergence of several disciplines. This approach is essential to working on problems of 
food, ecology and world agronomy, and is vital vehicle for the internationalisation of 
the Institute. What is being initiated by INRA is a new way of managing research. Three 
metaprogrammes with a minimum duration of five years were identified and validated 
in 2010, aimed at fostering trans-disciplinary approaches. Eventually, about a dozen 
metaprogrammes will represent 30% of the consolidated means of the Institute. This 
new function of transversal programme, run by the board of directors and carried 
out by heads of departments, is at the heart of the reform to the functioning of the 
establishment with two main objectives: grasping the great challenges in agronomic 
research to respond to the related scientific challenges in a coordinated and integrated 
fashion, and making possible the anticipation of the evolution of the national, Euro-
pean and international programme within the research alliances and networks.

Three Metaprogrammes Launched in 2010
 Integrated Plant Health Management     

Pluridisciplinary research in the plant health domain and particularly between 
the bio-ecological and socio-economic domains is to be federated by developing 
shared reference material, by devising and evaluating alternative growing systems, 
by identifying agents of change for the health of plants and by accompanying 
change.

 Adaptation of Agriculture and Forests to Climate Change 

The aim of this programme is to assess and manage the risks and opportunities 
related to the variability and the extremes of the climate in the medium term.  
It should also make it possible to forecast the regional impacts of climate change  
in the long term and to appropriately adapt domestic or cultivated species, 
practices, production systems and the industries. Finally, these adaptation 
measures should be subject to environmental and socio-economic assessment.

 Metagenomics of Microbial Systems 

To go beyond the descriptive approaches of inventories and gene lists in  
micro-organism populations, whether they be in human gut, soil, food or water, 
this programme must develop common pipelines and analysis methods, promote 
integrative analysis of large sets of data, and bring about greater interaction 
between experimental and theoretical biology.

DNA sequencer at the Microbial Genetic Unit in Jouy-en-Josas.
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A
s a prime agronomic 

research organisation  

in Europe, INRA  

is consolidating its role as  

a major player in international 

agronomic research. Beyond 

the major investment of  

its researchers, the Institute  

is actively contributing  

to international and European 

initiatives, launching 

metaprogrammes and  

an internationalisation 

undertaking. Moreover,  

with members of AGREENIUM, 

INRA will for the first 

time structure the offer 

internationally and initiate 

a combination of research, 

education and development  

in the fields of agriculture,  

food, animal health and  

the environment.

31 States United on Agriculture and 
Greenhouse Effect 
With the Global Research Alliance on Agricultural Greenhouse Gases (GRA), world research is 
becoming organised around the greenhouse gas issue. The GRA is a consortium of about thirty 
States brought together by New Zealand, which carries out research, development and innovation 

on ways to grow more food 
without increasing green-
house gas emissions. It is 
scientifically represented in 
France by INRA. The organi-
sation was launched by a 
plenary conference in Wel-
lington on 7th and 9th April 
2010. Three groups were 
formed to work on different 
topics (livestock produc-
tion, croplands and rice) and 
two sub-groups (tools for 
estimating greenhouse gas 

emission and carbon sequestration in soils). The latter group is run by INRA. In addition, a confer-
ence on the charter to be signed by member countries was held on 27th and 28th July 2010 in Bue-
nos Aires (Argentine). INRA's participation in this initiative and in the Joint Programming Initiative 
(JPI FACCE) confirms the Institute's contribution to agriculture and climate change.

BOOSTING INTERNATIONAL 
COOPERATION  

39 %
of all the publications  

were co-signed  
by at least

one foreign  
partner

33
new projects

under the 7th research 
and development  

Framework  
Programme

Second Senior Officials Meeting of the Global  
Research Alliance on agricultural greenhouse  

gases in Versailles in 2011

© J. Weber

©
 J

M
. B

os
se

n
ec





36   INRA  ANNUAL REPORT 2010

AS
SI

G
N

M
EN

TS
 A

N
D

 P
AR

TN
ER

SH
IP

S 
|  B

O
O

ST
IN

G
 IN

TE
R

N
AT

IO
N

A
L 

C
O

O
PE

R
AT

IO
N

 

INRA and the European Framework Programme
The research and development framework programmes (FP) are the main instrument of the 
European Union for research financing. The 7th FP covers the period 2007-2013. With a budget 
of 53.2 billion Euros, this FP is a mean of creating conditions for a competitive and sustainable 
economy, helping economic and social cohesion within the EU and meeting the expectations of 
the consumer citizen. Within this framework, INRA was chosen in 2010 to participate in 33 col-
laborative projects, for ten of which it is the coordinator.

Organising Research  
in the Mediterranean Basin
The Mediterranean Basin is a special 
geographical area in the international 
policies of INRA. It faces major world 
challenges to which agriculture and 
environmental and food policies will 
have to respond in the 21st century. 
INRA is taking part directly through 
AGREENIUM and Agropolis international 
at the PARME (Partenariats-Recherche-
MEditerranée), discussion workshop  
on future prospects, launched  
in 2010 and with four domains:  
health, agriculture and food, energy 
and water, cultures and civilisation. 
INRA also organised a meeting in Palma 
in October of all the stakeholders  
on the north and south shores of  
the Mediterranean in the context 
of ERANAT ARIMNET, of which it 
is the coordinator. During this 
conference, the terms of reference 
for a call for research offers to be 
launched in 2011 were prepared. 
Finally, in 2010, INRA welcomed 
to its centres 2864 researchers 
from the Mediterranean basin and 
657 researchers from INRA are there 
on assignments.

Scientific Topics shared  
with Russia
In September 2010, the visit  
of representatives of the Russian 
Foundation for Basic Research  
(RFBR) and the Russian Academy  
of Agricultural Sciences provided  
an opportunity to develop ways  
of developing the INRA-RFBR 
cooperation. The bilateral calls  
for offers for the period 2011-1012 
are in close conformity with the 
themes of INRA metaprogrammes,  
in particular: genetic resources  
and wheat genomics; forest soils  
in the face of climate change.

TITLE OF 
PROGRAMME TYPE OF CONTRACT PURPOSE

ECOFINDERS Large collaborative project Soil biodiversity

PURE Large collaborative project Integrated pest control

FRUIT 
BREEDOMICS

Large collaborative project Selection of apples and peaches

ANIMALCHANGE Large collaborative project
Livestock farming methods minimising  

the effects of climate change

ECOBIOCAP Small collaborative project Ecological packaging

WALLTRAC
Training by and for research 

(ITN)

Industrial applications in the field  
of the functional ingredients and in the sector  
of vegetable fibres from plant wall polymers

EXPEER Infrastructure Sites and platforms for research on ecosystems

AQUAEXCEL Infrastructure
High quality aquaculture systems  

with low environmental impact

IHMS Coordination

Data acquisition (procedures and protocols)  
related to human microbiota,  

under the International Human  
Microbiota Consortium (IHMC)

EADGENE_S Coordination
Extension of the EADGENE network  

of excellence for genomics as an alternative  
way of treating animal pathologies

112
95

39

38

32

26
26

25

16

46

91

90

87
58

BREAKDOWN BY THEME OF PROJECTS  
INVOLVING INRA

p  Food, Agriculture and Fisheries,  
and Biotechnology*

p Environment*

p Health*

p  Infrastructures**

p  People

p  Other

* Cooperation ** Capacity

49,8 %18,8 %

7,2 %
5,5 %

4,9 %

13,6 %

The Main Partners Countries of INRA
The figure shows the number of partnerships  
with European teams financed  
through FP7 projects.
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T
he landscape of higher 

education, research  

and innovation  

in France has been subject 

to in-depth reorganisation 

under the impulse of public 

authorities. INRA, in its  

well-established assignment  

as a national organisation  

for agronomic research,  

and in line with the national 

research and innovation 

strategy, has developed 

academic partnerships based  

on strengthened collaboration 

with universities, research 

organisms and with higher 

education in agronomy  

and veterinary science.

CONSOLIDATION 
OF FRENCH RESEARCH 
AND TEACHING SYSTEMS 

112
Joint Research 

Units

60
INRA Research  

Units

49
Experimental 

Units

41
Contract-based 

Units

MICALIS Unit in Grignon
© W. Beaucardet

AGREENIUM, the National Alliance for 
Agronomic and Veterinary Research and Education 
INRA is taking part in the rise in power of AGREENIUM, a public establishment for sci-
entific cooperation already under management. The year 2010 saw the release of a 
White Paper on the need to improve the visibility, legibility and national attractiveness 
of French higher education and research, the result of reflection, both internally and 
with partners under the auspices of the Council for Strategic Orientation. This reflec-
tion was fed in to the strategic action plan for the period 2011-2013.

©
 W

. B
ea

u
ca

rd
et



38   INRA  ANNUAL REPORT 2010

AS
SI

G
N

M
EN

TS
 A

N
D

 P
AR

TN
ER

SH
IP

S 
|  C

O
N

SO
LI

D
AT

IO
N

 O
F 

TH
E 

FR
EN

C
H

 S
YS

TE
M

 O
F 

R
ES

EA
RC

H
 A

N
D

 T
EA

C
H

IN
G

ANCRE, an Alliance  
for Energy, Sets Up
In May 2010, the ANR and the  
National Alliance for the Coordination  
of Research for Energy (ANCRE)  
signed an agreement for coordination 
to harmonise the approaches  
and reflections in devising future 
energy research programmes at  
a national scale. ANCRE, of which  
INRA is an associate member, has  
put into place nine programme groups. 
Their aims: to report on the state  
of play in French public research  
on energy, and to analyse the 
strengths and weaknesses, and  
to make a first selection of priority 
programmes to submit to financing 
agencies.

Investing  
for Doctoral Students
In 2008 and 2009, INRA launched  
a targeted and strategic programme 
of association with seven doctoral 
schools. The financial contribution  
of INRA for 2010 was nearly 1 M€,  
of which over 90% was in the form  
of young scientists contracts (CJS). 
These fixed duration contracts 
determined by public law include  
not only the period when the thesis  
is being prepared but also two  
post-doctoral years abroad.  
The candidates have all been selected 
on competitive examinations by juries 
from the doctoral schools, often being 
placed among the first five in ranking.

Creation of ALLENVI,  
a Thematic Alliance for the Environment
Guaranteeing food security and access to water, tackling climate warming, looking after 
the land ... The National Alliance for Environmental Research (ALLENVI) is responding 
to an urgent need: meet the current environmental challenges by favouring economic 
and social development through a combination of the available skills, knowledge and 
technologies. Created on 9th February 2010 on the initiative of the Minister of Higher 
Education and Research, this alliance gathers INRA and eleven other founder mem-
bers, major players in national research in diverse and complementary fields covering 
the scientific, economic and social environmental challenges across the board. Fifteen 
associated members have joined to contribute their complementary expertise. In all, 
there are thus 27 players, uniting 1500 researchers, engineers and technicians, organ-
ised to meet the challenge of an ecological transition towards "green growth" through 
a pluridisciplinary approach. Four objectives combine in this goal: to have pure and 
applied research play a central role, to develop a transversal approach, with very wide 
integration of experimental sciences and human and social sciences, to promote an 
innovating society open to the economy and finally to control environmental risks and 
strengthen security.

A Strong Link with Universities
The doctoral schools were created to guarantee the quality of doctoral student super-
vision, to offer courses useful to their research topics and to their occupational inte-
gration in research and higher education professions, to strategy and innovation in 
industry. The association of INRA with seven targeted doctoral schools* covers not 
only the offer of individual thesis contracts (CJS, young scientist contract) but also 
the setting up of new specific courses in agronomy. In 2010, with the doctoral school 
in Nancy, The European Forest Institute, the INRA researchers organised a scientific 
course "International Forestry and Global Issues" on specific questions related to the 
international management of forests and the afferent global issues. Contributors from 
several countries gave the doctoral students and young researchers in all disciplines 
a wider vision of the global stakes. On this model, in 2010 the INRA researchers in 
the Toulouse, Montpellier and Jouy-en-Josas centres worked on developing four new 
courses which will be offered to doctoral students in 2011. The topics treated are varied 
but all are central to the preoccupations of INRA: bio refining, integrative biology, agro-
ecology and the membrane transport of water in plants.

* Life, agro, health in Rennes; Agriculture, food, biology, environments and health and frontiers of the living in Paris; 
Plant sciences in Orsay; Resources, processes, products, environments in Nancy; Ecological, veterinary, agronomic 
and bioengineering sciences, Integrated systems in biology, agronomy, geosciences, hydrosciences, environment in 
Montpellier.

©
 C

. M
aî

tr
e 

/ 
In

ra



INRA  ANNUAL REPORT 2010  39

T
he issues of 

environment and 

food are now placed 

in a global context marked 

with strong uncertainties. 

Researchers, public authorities 

and players in the economy 

must take this new reality into 

account. INRA, as a public 

applied research institute, 

must illuminate and decrypt 

these issues by comprehensive 

analyses to guide its own 

research directions, to meet 

the needs of national and 

international deciders, and to 

contribute to the open dialogue 

between research and a civil 

society that is both worried 

about the advances of science 

and expectant of knowledge 

and innovations.

Consolidation of Expertise  
and Foresight Studies
To strengthen pressure on public policies and the Science-Society interface at INRA, 
a new Delegation of Collective Scientific Expertise, Future Prospects and Studies was 
created in June 2010. Its missions: to enlighten public decision, to contribute to public 
debate, to formulate new questions in research on the environment, agriculture and 
food. In 2010, many results from studies of future prospects, studies and collective 
expertise, together with foresight workshops under the coordination of INRA were 
published:

„ Foresight workshop ADAGE "What research is needed to adapt agriculture 
and anthropised ecosystems to climate change?" Coordinated by INRA as part of a 
call for proposals by the National Research Agency, this workshop produced concrete 
proposals on scientific programming. 

„ Foresight workshop VegA on “Non-food uses of plant biomass in 2050". This 
explored the possible future uses of plant biomass for energy and chemistry in four 
scenarios, differing as to the proportion of biomass and economic context. The conclu-
sions of these scenarios point to great tensions in land usage.

„ ENDURE the foresight study of crops in Europe in 2030. This foresight was 
carried out as part of the European scientific network of excellence aimed at making 
agricultural systems less dependent on pesticides, and it identified research priorities 
on plant protection (e.g. precision field spraying) and made recommendations at a 
European level with, for example, the development of a multicriteria evaluation tool for 
the durability of systems of protection.

„ ECOPHYTO R&D study on routes to low pesticide crops. Launched in 2007 
on the behest of ministers responsible for the environment and agriculture, this study 
reports on the agronomic options to reduce pesticide use and proposes an estimation 
of the effects that these options would have on the national consumption of phytosani-
tary products, a reduction in which is provided for in the 2018 Ecophyto Plan.

„ The collective expertise "Determinants of Food Behaviour" (cf. p. 15).

ANTICIPATION, DISCUSSION, 
INFORMATION

OPECST visit at Versailles Center
© B. Nicolas / INRA
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Two New Collections  
at Quæ publications 
In 2010, Quæ publications launched 
two new collections Carnets de sciences 
(Science notebooks) and Clés pour 
comprendre (Keys to understanding) 
addressed to a wide public anxious to 
acquire a scientific culture. The first book 
in the collection, Clés pour comprendre, is 
entitled "Les insectes ont-ils un cerveau?" 
(Do insects have a brain?) by Vincent 
Albouy; and the collection Carnets de 
Sciences was launched with "Les secrets 
des algues" (The secrets of seaweed), by 
Véronique Leclerc and Jean-Yves Floc'h. INRA 
is one of the four founder members of the 
GIE Quæ (Quæ Internet Economic Group),  
with CEMAGREF, CIRAD and IFREMER.

Biodiversity to the Fore at 
the SIA (Salon International 
de l 'Agriculture)
The United Nations Organisation declared 
2010 the International year of biodiversity. 
INRA mobilised researchers involved  
in this field during the International 
Agricultural Fair. Thus a hundred and fifty 
scientists came to the stand and joined  
in discussions and exchanges with 
visitors, professionals, politicians and  
the public. This year, the accent has been 
placed on the special relations between 
biodiversity and agricultural practices,  
at the very heart of "agro-systems".

Advisory Committee  
for Ethics Gave its Opinion 
on Research in Biofuels
After submitting its advice on food safety 
and models of food consumption in 
2009, on 19th March 2010 the INRA-CIRAD 
Common Advisory Committee on Ethics in 
Agronomic Research adopted its 2nd report 
on "Meeting Challenges of Food and the 
Non-food Use of Agricultural Production", 
targeting the case of liquid biofuels.  
It formulated nine recommendations 
inviting the two institutes to develop 
ethical vigilance on the applications  
of biofuel research, working methods  
and relations between research policies 
and agricultural policies. The committee 
also launched two new reflections  
on partnerships and nanotechnologies. 

Co-construction to Renew  
Science-Society Dialogue
To feed the dialogue between society and researchers, INRA inaugurated a new method 
of co-construction during field experimentation with a GMO vine rootstock to help in 
the fight against the grape fan-leaf virus. In 2003, INRA decided on a trial launch in 
Colmar and a local monitoring committee of sixteen people was formed, composed of 
vine growers, association members, local inhabitants etc. Their job was to keep a watch 
on the research protocol. The points discussed concerned the most important and 
most controversial aspects of this trial: its impact on the environment, on the image 
of the vine and of wine, and on the regional identity of Alsace. Faced with the growing 
complexity of the issues raised, the monitoring committee gradually dispensed with 
the interactive technical interaction framework and defined new research protocols. 
These then included environmental issues with questions on the impact of transgenes 
on the soil microflora, or on ways of fighting the fan-leaf virus in organic vine growing. 
The local monitoring committee thus co-constructed a research-action programme 
resulting from a participative technological evaluation, and this was published in 2010.

Wide Consultation Campaign  
on Orientations of the Institute

In line with its mission of public applied 
research organisation and its desire 
for dialogue with the public, INRA 
opened the consultation on new sci-
entific priorities to all of its personnel, 
partners – public and private – from 
the French and international scientific 
communities, and also from the socio-
economic and territorial spheres and 
from associations ... and, a first for a 
French research institute, all citizens 
were associated in this consultation 
as it took place on Internet: www.
inra2014.info. This blog generated 
thousands of visits and over two hun-
dred contributions. Apart from quan-
titative analysis, all messages were 

processed by lexical analysis to extract from them an illuminating topology. The debating 
of INRA's priorities was completed with papers from contributors arguing their points 
of view (professional agricultural and agro-food organisations, associations, technical 
institutes, industrial partners, political parties etc.) and by the inclusion of the reflection 
workshops of 4th march 2010 when over 100 partners of the Institute gathered at the 
International Agricultural Fair.
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I
NRA's activities are carried 

out within a national and  

a European framework,  

but it has strong regional roots 

through its research centres,  

its unique network of 

experimental installations,  

its involvement in doctoral 

schools and its multiple 

partnerships. Institutional 

environment of INRA  

is evolving towards  

scientific polarisation with  

a differentiation of its sites  

on both French and  

European levels.

Strong Regional Engagement 
In 2009, the support that INRA received from its regional partners (regional and local councils, 
communities) was nearly 36.5 million Euros, mainly for building projects relating to the Contrat 
de Projets État-Région (National-regional project contracts) (CPER) 2007-2013. Thus in 2009, 
nearly 17 million Euros were released by local authorities to support INRA building projects. In 
2010, local authorities are still strongly implicated in funding the Institute’s research plan. In 
Orléans, two laboratories were inaugurated in 2010. The first one, specialized in soil observation 
and protection, registered at the CPER (State-Region Projects Contracts), was subsidized by the 
Region Centre up to 615 000 €, by the European funds (FEDER) with 540 000 €, by INRA with 
347 000 € and 192 000 € came from partners (BRGM, CNRS, Université d’Orléans). The second 
lab, which studies pests in a hazard-free fashion for the environment, was funded up to 24 000 € 
by the Region and with 47 000 € from INRA. In Clermont-Ferrand, the new spectrometers from 
the platform Magnetic Resonance of Biological Systems were inaugurated. In terms of invest-
ment, it represents a total of 2 750 000 € in the framework of the CPER, 48 % of which were 
funded by the State and FEDER, 16% by the Region Auvergne and 36% by the Institute.

STRUCTURING AND PROMOTING 
LOCAL ACTIONS

BREAKDOWN OF AID BY SOURCE OF 
FOUNDING IN 2009

p  European funds

p  Government / Ministries

p  Regions p  Departments

p  Cities p  Other

BREAKDOWN OF REGIONAL FUND  
BY NATURE OF OPERATION

p  Property p  Scientific Equipment

p  Programmes support

p  Grants p  Other

50 %

6 %
3 %

3 %

24 %

14 %
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0,8 %

46,6 %

17,4 %
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Three New Competitiveness 
Clusters in Water Use
In 2010, the Institute became a 
member of three new status-marked 
competitiveness clusters: Hydreos 
(Management of continental waters)  
with the Nancy centre; Dream (Water  
and natural milieu) in Orléans; Water 
(world centre on the concerted 
management of water resources)  
in Montpellier. In addition, INRA joined 
three new centres in 2010: Eurobiomed 
(health and sciences of the living)  
with the centre PACA, Aquimer 
(management of sea products)  
in Lille and Filière equine (equine 
industry) in the Rennes centre.  
INRA is thus a stakeholder in twenty 
competitiveness clusters. 

Towards a Labelling of Experimental Units
During discussions led by the director general with the departments of INRA and the 
CNUE (National Commission on Experimental Units), it appeared necessary to review 
the notion of Experimental Installation to make it better adapted to the new require-
ments in research, to clarify the facility and to make better use of the resources. With 
this evaluation begun in 2010, the status of experimental installations is now better 
defined. Among the 87 structures evaluated, three categories have been defined: 
group I installations have the label of experimental unit, group II have the status of 
INRA Experimental Installations and group III are managed as units. At the end of dis-
cussions, the changes in the status of the installations were validated at meetings with 
the director general delegate, the CNUE, the heads of department, the directors of 
centre and the directorate of regional action, higher education and Europe. A "new" 
labelling of the experimental units is thus under way and will take effect on 1st January 
2012. On this date, around forty experimental units will have their labels attributed.

Merging for Large Scientific Projects
The grouping of units into Very Large Units resulted in three new projects in 2010: the 
UMR (mixed research unit) Jean-Pierre BOURGIN Institute at the Versailles-Grignon 
centre, in plant biology, the UMR MICALIS (MICrobiologie de l'ALImentation au Service 
de la santé humaine, Food microbiology in the service of human health) in Jouy-en-
Josas and the UMR Centre of the Sciences of Taste and Food in Dijon.

EXPERIMENTAL UNIT MAP (2010)EXPERIMENTAL TT UNIT MAP (2010)
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E
conomic 

partnership and 

innovation are 

naturally at the heart of a 

public institute's strategy which 

carries out applied research 

like INRA. The Institute aims to 

foster innovations to meet the 

dual challenge of economic 

competitiveness and sustainable 

development. The partnership 

between INRA and industries 

and services for agriculture, 

food and environment includes 

research collaborations in ways 

that are more and more diverse 

and actions of transfer and 

development managed by INRA 

Transfert SA, Agri Otentions SA 

and ABA, three subsidiaries of 

the Institute.

REINFORCING INNOVATION 
WITH PARTNERSHIPS

42
new patents filed

+17 %
on 2009

268
new research 

contracts  
with the private 
sector signed

18
requests for  

protection by  
new plant variety 

certificates

35
new operating 

licences  
for varieties

Seed firm AgriObtention factory.
© C. Maître / INRA

KIC Climate Projects Launched
In 2010, six projects developed in national centres were labelled by the Climate KIC 
(Knowledge and Innovation Community). INRA is coordinating AGADAPT on adapting 
water use in agriculture and is participating in CARBOCOUNT on greenhouse gas foot-
prints. Among other missions, KIC is conducting education programmes, with the first 
summer school of 2010, supports entrepreneurship and offers expertise in setting the 
European agenda. The KICs are co-financed by the European Union – which is provid-
ing an overall budget of around 270 million Euros over the period 2010-2013 – as well 
as by their various partners. This financing may be complemented by other national or 
regional funding agencies. The KICs are instituted for a minimum period of seven years 
in order to give partners a guarantee of long-term perspectives.

Contribution to the National Competitiveness
Research contracts with economic operators still occupy a high position (a rise of 39% 
in the number of contracts signed since 2001), though this progression has levelled 
off since 2009; however, the projects themselves are becoming larger in scope and 
now involve more than three partners in 30% of the cases. Moreover, the year 2010 
has seen more and more industrial partnerships financed by calls for tender (e.g. with 
the National Research Agency) or by labelling (e.g. Competitiveness clusters and the 
Carnot Institutes). For the first time, this applies to over half the collaborations with 
industry. The year 2011 should see a coupling of these two trends, notably through the 
programmes from Investissements d’Avenir (french stimulus plan).
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Framework Contract for 
Cooperation between 
METabolic EXplorer and INRA
INRA and METabolic EXplorer, a biological 
chemistry company specialised in  
the development of chemical compound 
production processes by biological 
routes, signed a framework contract  
for cooperation in October 2010.  
It will encourage synergies between 
academic research and industrial 
development, in particular with 
innovations coming from white 
biotechnology. The framework contract 
strengthens the relations that INRA  
has had with METabolic EXplorer since 
2006, relations that have resulted today 
in the development of the production 
process for PDO (1,3 propanediol), 
a compound used to produce PTT, 
an aromatic polyester used in the 
manufacture of high performance  
textile fibres, and now trialled and 
validated on a pre-industrial level.

First Crossroads  
For Agricultural Innovations 
on Food
The Crossroads For Agricultural 
Innovations on Food were held  
in Dijon on 9th November 2010  
with the central theme "Nutritional  
and sensory aspects of food lipids".  
The colloquia organised during this  
event were addressed to a public  
of agro-food partners, engineers  
and technicians from technical institutes, 
and also to students and teachers.

Genetic Engineering Agreement Signed
On 19th January 2010, Cellectis S.A. and INRA signed an agreement for cooperation 
over the next five years. They want to collaborate in the fields of cellular biology and 
plant and animal biotechnologies, especially reverse genetics, homologous recom-
bination and genetic targeting, technologies for which Cellectis is specialised. These 
techniques are found to be effective for inserting several genes of interest, for faster 
genetics, for modulating gene expression for searching for alleles, etc. They open the 
way to technological engineering aimed at improving the ability to analyse gene func-
tions and, if necessary, to suggest innovations in agriculture, the environment, agro-
food and green chemistry.

Launching of Two Original Projects  
to Support Innovating Companies
Agro Biotech Accélérateur (ABA) has announced the launching of its first two projects. ABA, 
founded by Seventure (subsidiary of Natixis Private Equity) and INRA Transfert aim to accelerate 
the emergence of young innovating enterprises in the domain of life sciences. The first project 
chosen is from the work of the MICALIS unit at INRA in Jouy-en-Josas. Its goal is to respond to 
the joint requirements of industry, distributors and consumers for greater safety and shelf life 
of fresh meat. The second project is at the frontier of probiotics and pharmaceutical products. 
Researchers at the Theix centre (63) have established a strong correlation between certain 
anomalies in the intestinal flora and the so called "irritable bowel syndrome". Led by ABA, clinical 
trials will be carried out on humans in order to validate the beneficial effects of the new pharma-
ceutical preparations for patients suffering from acute and recurrent intestinal pain. These will 
yield the results needed for the creation of a company and the marketing of products coming 
out of the work.
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T
aking up the challenge 

of a high performance 

and environement 

friendly agriculture is one 

of INRA's top priorities. To 

achieve such a goal, systemic 

approaches combining 

biotechnical disciplines and 

social sciences and all the 

partners in the agricultural 

world are vital. This is what 

has led the Institute to develop 

new forms of organisation and 

socio-economic partnerships 

at national and local level 

with multi-partner integrated 

projects and scientific interest 

groups (SIG).

A New Large Coordinated Partnership  
on Relance Agronomique  
(Innovation for Agricultural Boosting)
The Scientific Interest Group (SIG) on Innovation for Agricultural Boosting is a strengthened 
collective mobilisation of players from research, training and development for sustainable agri-
culture. For agriculture to undergo profound changes in view of the challenges, it is essential 
to mobilise the entire research-training-development system right up to the farmers, sources 
of innovation. This SIG initiated by INRA and signed in March 2010 with its partners*, provides 
a place for strategic consultation and coordination, exchange of experience and impetus, to 
encourage design, circulation and appropriation of innovatory and sustainable production sys-
tems on all French farms. Three areas of work have been set up. Firstly, the analysis of knowledge 
and innovations, to identify what is lacking and to propose launching of research programmes 
that prove necessary; next, the training of the developers and technical teachers and finally, sys-
temic, multi-site and pluri-annual experimentation aimed at networking the existing facilities 
and data. INRA is concerned by around twenty SIGs involving research-development partner-
ships by sector, of regional scope (AOC Massif Central cheese) or national scope (PicLeg, GC-
HP2E, Genoplant), including the SIG "Livestock Farming Tomorrow" signed in March 2010 on 
animal production in the ruminant, pig and poultry industries.

* The Ministry of Agriculture, Food and Fisheries, INRA, the Chambers of Agriculture, the Association for Technical 
Coordination in Agriculture (ACTA), AgroParisTech and the National Bureau for Water and Aquatic milieu (ONEMA).

DEVELOPING PARTNERSHIPS 
WITH AGRICULTURAL WORLD

22
mixed  

technological  
units

24
mixed  

technological 
networks

21
scientific interest 

groups

Dialogue with farmer in Charente  
about rebuilding soils after Xynthia storm.
© B. Nicolas
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for Agricultural Development
Joint Technological Units (JTU), labelled in 2007 by the ministry in charge of agricul-
ture were evaluated in June 2010. After this evaluation, they were all renewed for two 
years. Built around an R&D project, these units, which bring together a team from a 
technical institute and one from a research organisation, are producing numerous co-
signed scientific publications. They are also devising methods and tools for improve-
ments in professional practices. For example, the practical guide to feeding milk cows 
was published in October 2010 (by Institut de l’élevage - Quæ publications) following 
work carried out in the JTU Research and Engineering in dairy farming. Three new Joint 
Technological Networks (JTN) were labelled in 2010: Soil and territories, Economies 
and animal industries and Elicitra (for the development of elicitors in plant industries). 
Compared with the JTU, the JTN gather a wider range of partners: technical institutes, 
chambers of agriculture, farming networks etc. Some of these have been running for 
over four years, thereby proving their worth, both for the progress of knowledge and 
for the transfer of results. These set-ups have reciprocal benefits: the researchers have 
access to professional data and practices. The development partners have access to 
tools, methods, equipment and scientific knowledge. Productions are numerous: the 
devising of common programmes, scientific and technical publications, reviews, tools, 
training etc.

Partnerships with Agricultural High Schools
The convention signed in March 2010 between the General Direction of Higher Educa-
tion and Research of the Ministry of Agriculture, the Association de coordination tech-
nique agricole (Acta, Association for technical coordination in agriculture) and INRA is 
aimed at strengthening collaboration between teaching establishments, research and 
experimentation, through the experimental facilities of teaching establishments, INRA 
and the technical institutes affiliated to Acta. Issues such as sustainability, biodiversity 
and organic farming will be at the heart of these collaborations. This collaboration is 
directly in line with the aims of SIG Agronomic Boost. Thus, on 8th October 2010, a part-
nership convention between agricultural technical teaching and agronomic research 
at Poitou-Charentes was signed between the Institute and the Regional Direction for 
food, agriculture and forestry. The aim is to develop common activities and facilities in 
this region in agricultural technical teaching and public agronomic research to serve 
economic and environmental performance in agriculture.

Strengthening Links  
with AgroTransfert 
Ressources et Territoires
In October 2010, AgroTransfert 
Ressources et Territoires located  
in Picardie and INRA signed a convention 
reinforcing their partnership for 
research and innovation transfer to 
the benefit of players in agriculture. 
Large-scale farming systems in the 
geographical context of the Parisian 
basin and environmental and sustainable 
development issues are at the heart  
of the partnership. 

Projects for Sustainable 
Agricultural Systems
INRA is participating in 18 out of  
the 25 projects selected in the 
Casdar call for tender* "Innovationand 
partnership" launched in 2010. The 
priority themes of these projects are the 
reduction of inputs and the development 
of innovatory and sustainable production 
systems. In all, INRA is currently involved 
in 81 Casdar programmes for the period 
2007-2010.

* Earmarked account for agricultural and rural 
development of the Ministry of Agriculture  
(managed by DGER - General Direction of Higher 
Education and Research)

ECOPHYTO 2018 :  
a Strong Investment  
in Phytosanitary Products 
Control
In the application of the plan ECOPHYTO 
2018, INRA is lending its scientific 
weight to the setting up of farm 
networks and experimentation networks 
together with the design of the data 
and information base for sharing 
the knowledge. The Institute is also 
contributing to other parts of the plan, 
in particular those concerning innovation 
in growing systems or on epidemiological 
surveillance.

Myscanthus planting by students of Courcelles-Chaussy agricultural high school.
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T
he quality of research 

and innovation at 

INRA, and hence 

its attractiveness, depends 

on its competence and on 

the creativity of the men 

and women who work at 

the Institute, the diversity of 

backgrounds and approaches 

and also the means deployed. 

It is more than ever essential 

for INRA to maintain and 

develop this policy of excellence 

by pursuing its efforts to 

offer a stimulating working 

environment on a human  

and material level and as  

a spur to research. 

European Label of Human Resources (HR) 
Excellence for INRA
INRA is the first French organisation to be accorded the label "HR excellence in 
research" awarded by the European Commission. This label confirms the quality and 
policy of human resources for researchers. It is the fruit of an approach engaged in 

2006, when the Institute 
decided to link the attractive-
ness of its human resources 
to the European action for a 
researchers' charter. Thus, in 
2008, INRA adopted a "char-
ter for the welcoming of doc-
toral researchers and young 
doctorate graduates" and at 
the end of the same year com-
mitted itself to the European 
Commission's "HR strategy" 
initiative, alongside 40 other 
research and higher educa-
tion institutions in Europe. 
The aim of this approach is 
to display our recruiting, inte-
gration and accompaniment 

practices as transparently as possible. The European label is a mark of recognition for 
a "quality approach" in the Institute's human resource policy. It is a way of making us 
step back to take a look at our practices. Thus, the Institute has analysed the discrep-
ancies between the European charter and its own policy and, true to its policy of trans-
parency, has published the results on its Internet site.

IMPROVING ATTRACTIVENESS 
AND MODERNISING MANAGEMENT 
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Hosting International Scientists
As part of its policy towards attractiveness, this year INRA is hosting three senior scientists of inter-
national renown through the Scientific Package launched in 2007. James Hammitt, an American 
economist, joins a Joint Research Unit (UMR) at the Toulouse School of Economics to work on 
decision making in the face of risk. Karen Macours, a Dutch economist, is developing a project on 
the constraints to the adoption of technological innovations by poor rural families in developing 
countries at the UMR PSE (Paris-Jourdan Sciences économiques) at the Paris School of Econom-
ics. And finally, Elisabetta Giuffra, an Italian biologist, specialises in the genetics and genomics of 
animals. In December 2010 she joined INRA in Jouy-en-Josas. Scientific package system gives a 
four-year guarantee to researchers on the recruitment of students and the necessary means to 
carry out their research project in one of the priority themes of INRA.

An Overall View of Computing Infrastructures 
The auditing of the computing infrastructures of the fourteen research departments ended after 
18 months, in 2010. It gave to each department of the Institute as a whole a measured and objec-
tive view of the matching of the facilities to the requirements of scientific production and of 
the gaps to fill. The aim is to provide the scientific communities with computing infrastructures 
capable of handling services adapted to the conditions of their work, to the need for ever more 
powerful calculation capacities induced by the explosion in data, and to the challenge of storing 
these data for better use subsequently to be made of the knowledge. The programme will close 
in 2011 with work on scenarios of how the facilities could evolve, piloted by the general direction. 
After consultations, the INRA Board of Directors should be adopting an information systems 
master plan, supported by a programme of multi-annual investment.

INRA Opens up Recruitment
A new recruitment path for projects was opened experimentally in 2010 for the benefit of 
research associates. This competitive recruitment process is aimed at attracting young 
researchers who have an innovatory research project that is in keeping with the scientific priori-
ties of the science departments of the Institute. Six recruitment possibilities have been included 
in the scheme. This is a complementary process of profile-based recruitment aimed at optimis-
ing the opportunities for candidates of excellence, particularly international candidates. Mission 
accomplished: 92 high-ability candidates presented original and relevant projects; 30% of them 
were of foreign nationality.

Recruitments  
in 2010
 Research scientist     

In 2010, three experienced 
researchers and 55 young 
researchers were recruited.  
For the latter, the number  
of candidates per profile  
is increasing, from 9 to 9.5  
in one year. The proportion  
of foreign candidates remains 

high (22% in 2010 compared with 27% in 2009). The policy of targeted post 
advertising (international employment websites or specialised scientific sites, 
posting in embassies of jobs through the Ministry of Foreign Affairs and in foreign 
universities) is thus bearing fruit.

 Engineers and technicians 

In 2010, 220 positions were offered for engineers and technicians recruitment 
and attracted 5098 candidates in all. In spite of a smaller number of jobs being 
offered and based on the number of applications, the number of applicants per 
profile increased substantially, from 20.7 in 2009 to 23.1 in 2010. The help given 
to recruiters in the writing of the profile descriptions and the targeting of profile 
advertisements as closely as possible to candidate pools (particularly at a regional 
level) are part of the reason for this increase in the pressure on posts and have 
consolidated the attractiveness of the Institute.
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INRA and Sustainable 
Development
Courses on “Sustainable purchasing” 
have been given since 2010 for the 
benefit of general purchasing managers 
and the specific research requirements 
purchasing managers. Heads of mission 
for “Sustainable development” have been 
appointed in each centre, as a result  
of which innovatory pilot schemes have 
been proposed. At the annual national 
seminar for mission heads and research 
support service managers, participants 
were able to compare their experiences. 
INRA is also engaged in the social pillar  
of sustainable development, an area  
where it must set an example through  
its action. In its annual social report,  
INRA gives its staff and partners complete 
objective data on the working community: 
openness of recruitment policy, developing 
career paths, social and environmental 
research policies etc.

An Ambitious Policy  
for the Disabled

The partnership 
with the Fonds 
d’insertion 
des personnes 
handicapées 
de la fonction 
publique (FIPHFP, 
Disabled Persons' 
Public Sector 
Employment 
Fund) has 
strengthened 

with a new convention on accessibility 
in INRA centres. Thus, 35 projects have 
been favourably validated by the National 
Committee of the FIPHFP which has set aside 
500 000 € to finance these operations. 
Similarly, INRA has introduced a "disabled 
compensation" chèque emploi service 
universel (service voucher) specifically  
for disabled colleagues who wish to make 
use of personal aid services at home,  
to give better help to these employees in 
their daily life. Finally, in 2010, 35 disabled 
workers were permanently appointed and 
the Institute welcomed 28 disabled workers 
on fixed duration appointments.
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THE MEN AND WOMEN

THE STAFF 

On 31st December 2010, INRA has 8488 permanently appointed salaried staff, with 4208 women and  
4280 men, representing 8224 full time posts.
During this same year, INRA welcomes 2103 placement students, and remunerated 513 PhD grant holders, 
36 young pre-doctoral scientists, 46 foreign pre-doctoral scientists, 102 foreign post-doctoral scientists  
and 48 post-doctoral scientists from financing by the Ministry in charge of research.

 BREAKDOWN BY AGE OF PERMANENT SALARIED STAFF ACCORDING TO GENDER  
 AND PUBLIC SERVICE CATEGORY ON 31ST DECEMBER 2010 
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Staff Scientists & management Engineers Technicians Total

2007 1 828 2 427 4 249 8 504

2008 1 820 2 462 4 108 8 390

2009 1 839 2 572 4 121 8 532

2010 1 837 2 590 4 061 8 488

8 40,6 % 27 47,9 % 249 51,3 % 04 48 %

0 41,6 % 62 48,7 % 108 51,7 % 90 48,6 %

9 42,6 % 572 49,7 % 121 52 % 32 49,2 %

7 43,5 % 90 50 % 061 52,1 % 488 49,6 %

00 % Rate of female employment*Legend

* The rate of female employment is the ratio of the number of women to the total staff

 PERCENTAGE OF PERMANENTLY APPOINTED SALARIED STAFF ON 31ST DECEMBER (SOURCE: DRH) 

PROMOTION AND EQUAL RIGHTS  
IN MEN AND WOMEN

INRA keeps an active eye on the balance between men and women, in 
terms of the composition of examination juries, nominations to col-
lective bodies or positions of responsibility. Thus, in commissions or 
on international committees, women make up over 40% of the nomi-
nated or elected members. Between 2006 and 2010, the number of 
women in responsible positions increased by nearly 70%. As an exam-
ple, the percentage of women directors of units went from 15% to 25% 
and that of deputy directors of units is now greater than 34%.
The increase in the proportion of women researchers that has been 
observed since the 1990s is strengthening. This in 2010, the percent-
age of women research associates reached 53%; among research 
directors, this percentage is 28% (in 2008 and 2009 it was 26%).

 PERCENTAGE OF WOMEN IN THE DECISION-MAKING  
 SERVICES (%) 

Board of management 37 %

Scientific Council 41 %

Heads of department 21 %

Directors of Centres 30 %

Directors of units 25 %

Specialised Scientific Commissions 40 %

Joint Technical Committee 32,5 %

EDUCATION AND TRAINING  

In 2010, over 4.5 million Euros were spent on in-service training: 57% 
of the permanent staff and 2000 temporary staff benefited from 
access to courses. With regard to the policy "Skills development 
and education at INRA", all four priority directions were developed 
in 2010:
Increased use of the support team "appui à la politique scientifique 
– FormaScience" (scientific policy support - Formascience) arises 
from the new strategic directions. This has for example resulted in 
engineering support at the research schools in agro-ecology at Antil-
les-Guyane, and in predictive biology in the Paris region:
The team "Animation et gestion collective" (Collective facilitation and 
management) has been solicited to aid teams in using new working 
modalities. Thus in 2010, the Directors of centres followed a course 
on "Science, society and ethics" and the work managers associated 
with the purchasing managers and the support services director 
participated in the first "project management" module on running 
building operations.

In the prevention of psychosocial risks, a national set of specifica-
tions, drawn up with social partners, has been offered to centres for 
the introduction of awareness training of the various unit directors, 
HR staff and members of the health and safety committees. 
The team "Support for changing professions and professional 
careers" has seen the fastest development for four years in terms 
of attendee hours and budget. Strong pressure has been observed 
for research backup support, which requires special help and which 
affects many professional communities: in 2010, the vocational 
training of managers and support for the setting up of PEPI (Partage 
d’expérience et de pratiques en informatique, Sharing experience in 
I.T. practices). 
 In parallel with this rapidly changing context, the question of indi-
vidual careers is becoming more and more pressing, and new regula-
tory measures are inviting personnel to avail themselves of support 
facilities. This is the case concerning the period of professionaliza-
tion which will be trialled at INRA between 2010 and 2012. 
At INRA, the use of a GPEC analysis (forecast management of jobs 
and skills) of departments and of the establishment will provide a 
view of future prospects in skills and disciplines, helping in the con-
struction of these professional careers by making clear the profes-
sions and/or collective bodies to support.

SOCIAL POLICIES

Social policy is a mean of enhancing the attractiveness of the Institute, 
which must respond as well as possible to the needs expressed by its 
staff to achieve a good balance between professional and personal life.
In an extension of the child minding "Service vouchers" introduced 
two years ago, INRA has introduced a new Service voucher to cover 
exceptional medical situations. With this new service voucher, Institute 
staff, their children and spouse who have special medical difficulties 
can benefit from targeted personal services. With the framework con-
vention signed with the Fund for the employment of disabled persons 
in the public sector, INRA has for the second consecutive year been 
able to promote an active policy for the accessibility of its premises 
and adaptation of work stations for disabled colleagues. Finally, INRA 
has put into place a guarantee mechanism to help foreign researchers 
in our laboratories to obtain rented accommodation. 
New communication tools were introduced in 2010 to make the social 
policy arrangements better known. INRA is innovating by providing an 
interactive guide describing all of the support measures on offer to all 
of the Institute's staff. This guide is in a new interactive and illustrated 
format. Its contents are regularly updated according to changes in the 
social policy of the Institute. All of the services described in the online 
guide are summarised in a social policy memo.
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FINANCIAL RESOURCES
THE BUDGET

The primary budget for INRA for 2010 was set to 813.9 M€ of which 
4.3 M€ was set aside as a reserve. It has progressed by 5.4% com-
pared with 2009, equivalent to 4.9% if the effect of an increase in civil 
pension contributions is discounted.

RESOURCES

At the end of the exercise and after various adjustments, the budget of 
INRA was established at 913.8 M€, an amount that includes 91.7 M€ 
carried over from the preceding exercise.
The subsidies for public service charges were 649.1 M€: they repre-
sent 79.0% of the Institute's budget against 82.4% in 2009. 
INRA's own resources were 173.0 M€, representing 21.1% of the total 
resources against 17.6% in 2009. These include:

14.8% of the budget.
-

ity, provision of services, sales etc.) totalled 51.7 M€, 6.3% of the 
budget.

BUDGET BREAKDOWN FOR 2010

The 2010 budget of INRA shows net receipts of 802.3 M€ and costs of 
819.9 M€. This situation results in a negative balance of 17.6 M€.
Compared with the final forecasts for the receipts of the exercise 
(822.1 M€) the overall percentage achieved comes to 97.6% against 
99.7% in 2009. These receipts are comprised of:

stable at 649.1 M€: these represent 80.9% of the receipts (82.7% in 
2009) and cover 79.2% of costs (83.1% in 2009);

programme financing) of which the amount issued is 103.8 M€ repre-
senting 67.8% of INRA's own total resources, against 66.8% in 2009;

32.2% of the total of its own resources against 33.2% in 2009.

This is the proportion for consumption of open credits which, when 
appreciated in respect of payments, is 89.8%, a proportion almost 
identical to that of last year (89.3%). However, this percentage applies 
to the volume of credits which, from one budget to the other, has 
increased by 35.5 M€ of which 14.8 M€ is accounted for by the payroll.
The breakdown of costs by destination, including personnel costs, tes-
tifies to the budget priority reserved for:

between the State and the Regions and to I.T. infrastructures +42%.

FIGURE 3  CONTRACTUAL RECEIPTS PER FINANCING BODY 
(IN M€)

p  National research agency 
„ 23 M€

p  European Union  
„ 21 M€

p  Local authorities  
„ 21 M€

p  Other French public 
partners „ 19 M€

p  Private sector partners 
„ 10 M€

p  International partners  
„ 3 M€

24 %

21 %

20 %

22 %

10 %
3 %

2010
97 M€

FIGURE 1  INRA BUDGET TREND (IN M€)  
PER RESOURCE CATEGORY*

p  Subsidies for public 
service charges

p  Finalised research 
contracts & support

p Other own resources

* Including pension  
contribution raise offset  
by grant-in-aid.

2010
822 M€

649
121

52

2009
790 M€

651

93

46

2008
740 M€

603
84

53

2007
730 M€

605
73

52

FIGURE 2  BREAKDOWN OF 2010 COSTS BY FUNCTION

p  Personnel of units  
„ 455 M€

p  Personnel under contract 
in units and other RP  
„ 35 M€

p  Running and equipment  
of units „ 137 M€

p  Supporting personnel  
„ 88 M€

p  Collective infrastructure 
and I.T. costs „ 70 M€

p  Buildings, maintenance 
and construction  
„ 35 M€

11 %

55 %

4 %

17 %

9 %
4 %

2010
822 M€
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ORGANISATION CHART

Patrick Etievant
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Frédéric Gaymard
Plant Biology (BV)

Monique Axelos
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Jean-Marc Guehl
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Guy Richard
Environment  
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Denis Milan
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Hélène Lucas
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Bruno Goffinet
Applied Mathematics  
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Emmanuelle 
Maguin
Microbiology and  
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Thierry Pineau
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Bertrand Schmitt
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Rural Development and 
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