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                                                                          EXECUTIVE SUMMARY 

This document written by IAD (Institute for 

Sustainable Agriculture) forms a working and 

discussion basis on the potential of agriculture to 

produce ecological services and provide its goods 

for society. The innovations, models and results 

presented are taken from the indicator scorecard 

developed by IAD and tested on over 160 farms 

with a wide variety of productions. 

Last-gasp agriculture which must move on 

In a particularly difficult context for agriculture and 

faced with growing sustainability issues, agronomy 

is at the heart of a fundamental objective - 

combining production and preservation of 

resources by developing pioneering farming 

systems. How, therefore, can the agricultural 

policy be a profitable development lever for 

environmental protection and spatial planning 

through the work of farmers? The history of 

agriculture is punctuated by innovations based on 

five tools1 essential to agriculture and united 

within IAD since 2008. 

Innovation: nature as a working model 

If agriculture improves its tools, it can produce in 

another way, more, better and using few fossil 

resources. Agriculture copies nature, which has 

been sequestering carbon and producing ecological 

services for millions of years, to develop 

techniques to resolve the challenges raised: help 

nourish nine billion human beings whilst preserving 

the natural resources and adapting to climate 

change.  

 

 

 

                                                             
1
Five essential agricultural tools: a genuine living 

soil carbon sink hosting the vital functions of water 

recycling and purification, agricultural machinery  

maintaining this living soil, all the variability of 

genetics, suitable fertilisation and all plant 

protection techniques.  

Measurable results for sustainable agriculture  

The IAD indicators measure the results from a 

series of 26 indicators divided into seven basic 

themes (economic, social, input efficiency, soil 

quality, water quality, GHG emissions and 

biodiversity), thereby showing that agriculture2 can 

sequester carbon in the soils and produce a 

number of ecological services: creating fertile soils, 

purifying the water, increasing the biodiversity, 

producing quality food, biomaterials (wood, flax, 

hemp, etc.), energy (biogas, wood, ethanol, etc.), 

landscapes and tourism and growing areas.  

A Common Agricultural Policy in preparation 

Of the 26 IAD operational indicators, nineteen 

measure the results of ecological services and ten 

the agricultural carbon sink. A concrete scenario 

produced from tests is presented to understand 

how easy it is to remunerate ecological services 

produced by the farmer. The good results obtained 

can be encouraged whilst keeping two CAP pillars. 

An "Agriculture and Environment" Policy may 

emerge. Pioneering production systems developed 

in conjunction with measuring ecological services 

provided by farmers will, without question, enable 

agriculture to meet the forthcoming food, climate 

and energy challenges head on.  Collecting results 

used to remunerate ecological services and the 

agricultural carbon sink could be achieved easily by 

incorporating indicators into farmers' everyday 

routine, under cooperation between public 

services and private registrations. 

This is a proposal around an ambitious Agriculture 

and Environment focus in preparing a Common 

Agricultural Policy which encourages food and 

energy independence by improving agricultural 

revenues in the long term.   

                                                             
2
This agriculture, admittedly still imperfect, is 

emerging the world over (Australia, South and 

North America, Indonesia, Europe, Ch ina, India, 

etc.)  
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SUMMARY 
 

Why change? Agriculture has become 
essential more than ever in 2010, both in 
terms of coping with food safety, 
competitiveness and economic constraint, 
creating direct and indirect jobs and 
protecting the environment and in helping to 
resolve the energy crisis. Major fact: 97% of 
the civil society will depend on the agricultural 
policy. This will involve about 3% of the 
population - the farmers, who will shoulder all 
the demands and constraints. You have to 
over-produce in agriculture to have enough! If 
we have grasped "Why change?", these few 
pages will shed light on "Change to what?" 
and the necessary adjustments which must be 
a feature of the next forty years: "Agriculture 
2050 starts here and now!"  

Change to what? Although environmental 
issues appear to be a priority for the survival 
of society, farmers are facing the same 
challenge as they strive to re-establish soil 
fertility, among other things. The planned 
reform of the CAP in 2013 includes these 
environmental objectives through the notion 
of "ecological services" which could 
remunerate the farmers and round out an 
increasingly tricky economic equation.  

The environmental issue is being developed 
around an elementary model - the ecosystem! 
Nature has sequestered the atmospheric CO2 
sustainably through plant photosynthesis and 
also produces ecological services. Farmers 
should therefore inspire the operation of this 
"natural carbon sink" to produce fertile soils, 
clean water, strong biodiversity, quality food, 
biomaterials (wood, cotton, flax, hemp, etc.), 
energy (biogas, wood, ethanol, etc.), 
landscapes and tourism and growing areas. All 
these services provided by nature rely on 
maximum plant production within the 
ecosystem.  

Since 2008, using international scientific 
resources, IAD has been working on 
identifying and using indicators capable of 
measuring the efficiency of agricultural 
systems in developing carbon sinks and in 
providing ecological services. Trials on 160 
farms of varying types (livestock, arable crops, 
vegetables) in 2009 and 2010 showed that the 
production of ecological services can be 
measured and that it is the fruit of 
"sustainable" practices inspired by the major 
operating principles of nature itself!  

With this document, IAD is offering food for 
thought put together from the work carried 
out. A presentation of concrete results from 
the trial phase demonstrates that agriculture 
also produces ecological services at the same 
time as it produces food. The remuneration 
simulation highlights tremendous potential for 
improving practices given that the payment 
gaps for ecological services vary form 42% to 
63% of the maximum possible between the 
conventional and the pioneering managed 
using the natural model. Farmers could easily 
collect indicator results in their everyday 
routine as part of cooperation between public 
services and private records.  

One thing is certain, a suitable public policy 
will be required to develop the ecological 
services, focusing on a long-term "agricultural 
carbon sink". This policy could be fed by 
"carbon credits" and by Payment for 
Ecological Services (PES) under the new CAP 
from 2013 onwards. This new agriculture will 
not be achieved without a strong structural 
policy, encouraging farmers to alter their 
practices and reconcile production and 
protection.  
 
If you like, Agriculture 2050 starts here and 
now! 
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FOREWORD 
Agriculture structures the rural environment, 

the development of societies and the 
management of natural resources. Nowadays 
it is faced with sizeable challenges: produce 
more and better, using less land, less water 
and less fossil energy.  This foreword puts 
European agriculture into context between 
coping with a socio-economic crisis, loss of 
competitiveness and environmental pressure. 
These few pages hope to shed light on the 
changes which must feature in adapting 
agriculture in terms of productivity and 
environmental protection over the next forty 
years: the 27 countries of Europe need a 
genuine long-term structural agricultural 
policy. "Agriculture 2050 starts here and 
now!"  
 
FRANCE: INVENTORIES 

 
The agricultural crisis made newspaper 
headlines in the review of 2009, mainly with 
economic data published early in 20103. 
 
Agriculture has been weakened for years by 
major structural changes such as the erosion 
of the active population (farming and food-
processing), dropping from 12%2 in 1980 to 
just 6.2%2 of the total workforce as at 1 
January 2010.  Following the same trend, the 
number of farms dropped from 1.6 million in 
1970 to 507,000 today on utilised agricultural 
area (UAA) representing 29.3 million hectares. 
This represents 1.8% less than in 2000 and 
15% less than in 1950. Growing urbanisation is 
the main reason for the loss of UAA. 
Agricultural statistics note a loss of 93,000 ha 
between 2006 and 2009.  
 
Added to these structural changes are the 
difficulties faced by agriculture from a 
particularly difficult economic context in 2009, 
when revenues plummeted in the majority of 
productions (-16.3%4, Figure 1 below). 

                                                             
3 Source: all figures are taken from Agreste, unless stated 
otherwise in a footnote. 
4 Source: "Agricultural production and added value" 
INSEE, provisional agricultural account end May 2009 - 
base 2000. 

 
Figure 1: Changes in French farming revenues 
per production sector compared with 2008 
and 2005 data. Source: Graph published in Agreste 

Primer 243 - June 2010. 
 

 

 
 
The variation in revenues is even more 
disturbing given that prices for agricultural 
products had soared in 2007-2008 as a result 
of the collapse of world food stocks. 
Conversely, prices fell drastically in 2008-2009 
faced with production surpluses (+2.8%3 of 
volumes in France) in international markets. 
The price of inputs increased at the same 
time, causing production costs to rise. 
Agricultural products were sold at a loss (milk, 
wine, etc.). Price volatility has weakened the 
entire farming and food-processing sector, 
which now only accounts for 3.5% of Gross 
Domestic Product (GDP), i.e. a share halved 
since 1980. The sector requires a political 
response capable of guaranteeing economic 
viability and stability for producers.  
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France held onto its title of leading agricultural 
region in Europe in 2008, with an 18% share5 
of agricultural and food-processing production 
despite a drop of 2% in twelve years (20% in 
19984). This situation is all the more worrying 
as it goes hand in hand with a loss of 
competitiveness compared with our European 
neighbours. French food-processing exports 
fell behind Germany, the Netherlands and the 
United States in 2009. Even products with high 
added value have not escaped the crisis. As a 
rough guide, a typical turnover for a farm in 
Germany included 20% for the sale of 
renewable energy in 20086. What about 
France? 
 
EUROPEAN SITUATION 

 
Internationally, Europe accounts for 17% of 
world exports of agricultural products with 
127 billion dollars, just behind the United 
States which exports 134 billion dollars. 
However, despite a fairly favourable 
pedoclimate, the loss of market shares over 
the past ten years is substantial (accounting 
for 19% approximately of world trade in 
2000). Europe turns out to be the leading 
world importer in agricultural value (173 
billion dollars in 2008), outstripping even the 
USA (116 billion $) and China (87 billion $). 
The main imports are maize, soybean, 
vegetable oils, animal feed, fruit, vegetables 
and sugar. This situation is combined with 
serious environmental deterioration, 
identified by the work under the Soil 
Protection Framework Directive7. 
 
 
 
 
 
 
 
 

                                                             
5
 Source: Eurostat - Accounts for agriculture "economic 

results for agriculture" - 2009 
6 Source: Le télégramme de Brest ς 11 July 2010 
7
Proposed European Parliament and Council 

directive of 22 September 2006, defining a 
framework for soil protection and amending 
Directive 2004/35/EC 

AGRICULTURE AND ENVIRONMENT: A NEED FOR 

EUROPE 

 
Farmers must resolve the environmental 
problems to protect the resources whilst 
continuing to produce to satisfy the markets.  
The situation is complex given the committed 
European public requirements (framework 
directives on water, biodiversity, pesticides, 
Kyoto, etc.) and regulatory translations of 
specific national policies (Nitrate Directives, 
ECOPHYTO 2018 Plan, Second Grenelle Act, 
etc. for example for France). The results noted 
are limited: there are still just as many 
nitrates, or almost, in the water and green 
algae on Brittany coasts and other problems 
are emerging such as accelerated soil loss 
(organic matter, erosion and fertility) and 
degraded biodiversity, illustrated mainly by 
the debate over Colony Collapse Disorder 
about bees. 
 
Reconciling agricultural production and 
environment protection is proving complex, as 
a number of factors are brought into play. It 
will therefore be impossible to redefine 
agriculture without discussions at European 
scale, to propose a uniform policy across the 
Union. The European Parliament has used its 
prerogatives to open the way. 
 
In the society, 97% of peoples depend on a 
rural territory maintained by barely 3% of the 
workforce - the farmers. This situation 
prompts the desire to construct a new 
"Agriculture and Environment" policy which, 
by 2050, should respond to the need for i) 
adaptation to climate change, ii) protection of 
resources, iii) economic business 
competitiveness, iv) production in quantity 
and quality, v) reliable provisioning at 
affordable prices, vi) production of energy and 
biodegradable materials, etc.  

http://eur-lex.europa.eu/smartapi/cgi/sga_doc?smartapi!celexplus!prod!DocNumber&lg=fr&type_doc=Directive&an_doc=2004&nu_doc=35
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INTRODUCTION
 
The first CAP was adopted in the 1960s and 

restated the general objectives of the 1957 
Treaty of Rome. The post-war social and 
economic conditions called for radical 
transformation of production methods to 
meet the new needs of society: this meant 
increasing agricultural productivity, ensuring a 
fair standard of living for the population, 
stabilising markets, guaranteeing food safety 
and providing farmers with remunerative 
prices, yet affordable for the consumer. 
Intensive agriculture was the result, fulfilling 
all the fundamental goals of the time.  
 
WHY CHANGE?  

 
The social and economic context, society and 
its needs have now all moved on. Europe, far 
from being self-sufficient (proteins, energy, 
oils, sugar, maize, etc.), is facing the pollution 
and degradation of natural resources (water, 
soil, air and biodiversity). Given the potential 
risk from these degradations for nature and 
society8, the environment is playing an 
increasing role in the debates surrounding the 
agricultural sector and was an integral part of 
the 1992 reform of the CAP. 
 
Although commonly accepted that agriculture 
is partly responsible for problems linked to the 
degradation of nature, it is also the first to 
suffer the consequences. Conversely, recent 
studies by the United Nations (FAO, 2007) and 
France (INSEE, 2007) and the European 
Parliament proposal for the 2013 reform of 
the CAP (G. Lyon, S. Le Foll, 2010) 
demonstrate that the agricultural sector also 
offers solutions to resolve the problems: 
certain practices protect the environment, 
help combat climate change (reduced 
greenhouse gas emissions (GHG)), improve 
productivity, boost competitiveness, foster 
the production of renewable energies, etc.  

                                                             
8 See the extensive research at the IPCC, FAO, 

INRA, CIRAD, AEE, etc. 

 
 
The CAP reform planned for 2013 (G. Lyon 
report, §59) suggests incentivising the 
orientation of agricultural practices by 
remunerating "ecological services". 
 
CHANGE TO WHAT? 

 
A new development cycle for European 
agriculture must get under way. IAD has 
assembled agronomic innovation based on 
constructing and implementing "five tools" 
essential to agricultural production: a genuine 
living soil acting as a true carbon sink hosting 
the vital functions of recycling, machines 
preserving this living soil, the variability of 
animal and plant genetics, suitable fertilisation 
and all the plant protection techniques. 
Implementing these "tools" helps protect the 
environment whilst producing more, better 
and in another way. 
 
Farmers who copy the natural ecosystem 
restore the fertile soils which store the 
carbon and produce ecological services.  
 
But which basic mechanisms lead to this type 
of agriculture? How can we measure and 
remunerate this carbon sink? Why is the 
agricultural carbon sink capable of producing 
ecological services? How can they be 
measured and remunerated to urge farmers 
ǘƻ ǳǎŜ ŦŀǾƻǳǊŀōƭŜ ǇǊŀŎǘƛŎŜǎΚ Χ 
  
This report identifies the methods whereby 
agriculture can sequester the carbon and 
provide ecological services. Given the 
constraints, agriculture should manage to 
introduce suitable techniques by 2050! 
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I ς For a productive farming which produice also 

environnement  

(a)  A few forgotten obvious facts: the functioning of ecosystems 

First obvious fact: carbon is a major element 
which structures the living systems. On Earth, 
the ecosystems and associated biodiversity 
depend on the sun which provides 
inexhaustible, free energy. 
   
Second obvious fact: in nature, a few keys 
govern the functioning of elements. The main 
one is summarised in the celebrated formula 

by Lavoisier (1789), stating that "NOTHING IS 

LOST, NOTHING IS CREATED, EVERYTHING IS 

TRANSFORMED!"   
 
Third obvious fact: the ecosystem functions 
in a cycle built on a perfect balance between 
three additional functions: Produce, 
Consume and Recycle.  
 

 

Figure 2: The three fundamental functions of the ecosystem. 
Source: NCAT Agriculture Specialist, September 2001. 

  

Material is routed in nature via a cycle, alone 
capable of generating sustainable 
development of ecosystems and achieving a 
balance between production of the plant 
biomass, its consumption by the fauna and its 
recycling by communities living from the soil 
into digestible mineral nutrients (Figure 2). 
The soil is home to an intense biodiversity 
which forms a true recycling unit. Another key 
to nature's operation is the permanent soil 

cover which maximises plant production and 
CO2 sequestration by photosynthesis. 
 
A third key is essential to the maximum 
biomass production noted in the ecosystems. 
The soil must never be bare, nor cultivated, if 
the natural cycle is to work at its optimum 
level. It is THE home for the biodiversity 
assigned to the degradation of the biomass 
and organic waste, which provides temporary 
storage for a huge quantity of carbon. 
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By incorporating these three essential 
operating principles9, the ecosystem can thus 
sequester the carbon sustainably in the 
natural cycle: produce - consume - recycle!  
 
IPCC10 experts working on climate change 
have revealed a certain number of 
mechanisms contributing to carbon 
sequestration. If we go back 500 million years 
BC, it is clear that there was far greater 
concentration of carbon dioxide (CO2) in the 
atmosphere (at least 22 times) than is true 
today11.  
 
An analysis of data presented in Figure 3 
shows clearly that plants are champion of the 
atmospheric carbon sequestration and at the 
root of recycling. The development of this 
cyclic operating process has taken place in 
three successive stages over elapsed 
geological eras.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

                                                             
9
 a) Maximising photosynthesis and CO2 capture by 

permanent soil cover for maximum biomass 
production; b) never cultivating the soil or bare 
soils, as the soil is the recycling matrix; c) cyclic 
operation. 
10

 IPCC: Intergovernmental Panel on Climate 
Change, responsible for assessing scientific 
information on climate disruption caused by 
humans. 
11 Source: Brener, Science, 1997 

 
The third carbon sequestration stage relates 
to perfecting the ecosystem cycle before 
introducing 100% carbon recycling.  
 
Clearly the atmospheric CO2 level equivalent 
to the current percentage (0.038%) had 
already been achieved on Earth over 300 
million years ago. 
 
This constant in the ecosystem cycle validates 
the functioning model of nature as efficient 
and sustainable. Does not relying on this 
model and its major functioning principles 
represent the best method for adapting 
agriculture to its forthcoming challenges? 
 

5 

Figure 3: Carbon sequestration by plants 
Sources: Brener, Science, 1997 - IPCC work 
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(b) The ecosystem as a model for an agricultural carbon sink

As a producer of plant biomass, the farmer 
interacts constantly with nature. It is therefore 
up to him to produce as much biomass as 
possible, to manage it for the best in the 
consumption phase, ensure optimum 
recycling and store a maximum amount of 
carbon in order to construct a sustainable 
agriculture. Introducing ecosystem principles 
and cycles into agriculture will carry on the 
ecological functions related to an expanding 
biodiversity. 
 
The enrichment and storage of organic matter 
in the soil relies largely on the incoming and 
outgoing carbon amounts and the retention 
time in the soil in organic format (INRA 2002). 
 
 
 

One fact is therefore obvious when 
constructing a sustainable agriculture based 
on the natural ecosystem model: creating an 
agricultural carbon sink today will make it 
possible to produce more and better, with 
fewer inputs, whilst expanding the 
biodiversity, tomorrow. This carbon sink 
agriculture can resolve all the problems of 
economic competitiveness and environmental 
protection.  
 
The Common Agricultural Policy (CAP) must be 
structured for the creation and financing of 
these agricultural carbons sinks which will 
produce ecological services thanks to the 
immense biodiversity generated throughout 
the sustainability cycle. 
 

 

Figure 4: Biological, chemical and physical properties influenced by the provision and storage of organic 

matter in the soil. According to INRA and FAO data. 
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(c) Agricultural techniques encouraging the production of carbon sinks!  
 
Certain techniques adopted in agricultural are 
perfectly capable of improving the 
"ecological" situation of lands. It has now 
been proven that non-cultivation (no till) of 
the soil increases carbon sequestration in soils 
(Reicosky, 1995; Rattan Lal, 2001), on the one 
condition that the production and recycling of 
harvest residues are maximised for permanent 
soil cover.  
 

The soil is not just a support for plant 
production. The techniques using soil tillage 
are incapable of copying the functioning of the 
ecosystem (see Figure 2) as they partly 
destroy the habitats and associated 
biodiversity (the inhabitants). Soil cultivation 
is without doubt principally responsible for 
the environmental degradation spiral (Figure 
5).  
 

This has been highlighted by measuring results 
comparing soil tillage with techniques copying 
the ecosystem (no till , or very minimum 
tillage: sowing only or direct drilling). The 
degradation process is always identical, 
resulting in economic loss and environmental 
degradation.  
 

Soil tillage should therefore gradually be 
eradicated from our farming practices as the 
processes induced by this technique reduce 
the fertility and ultimately the ability to 
produce (Figure below). 
 
The United Nations (FAO, 2002) confirm this 
hypothesis. The organic matter is the main 
indicator of soil quality, both for agricultural 
(fertility, yields) and environmental functions, 
despite only representing 0.5% to 10% of the 
soil under the different climates. There is a 
close link between the loss of fertility from a 
drop in organic matter levels and the loss of 
numerous services rendered by nature. Are 
not degradation in water quality, erosion, loss 
of biodiversity, transfer of pollutants, GHG 
emissions, desertification, etc. the result of 
the conventional agriculture practised 
currently?   
 
 

 

Figure 5: The environmental degradation 
spiral through cultivation.       
Source: K. Schreiber, 2005, Mesure des résultats du 
Champ de comparaison de Maure de Bretagne (35),  

 

 
 
INRA found in 2002 that the carbon storage in 
the soils is that much higher the greater the 
crop yields and residue recycling in the soils, 
that the provision of organic matter can offset 
the outgoings and, finally, that organic matter 
from the activity of soil organisms must be 
recycled slowly. 
 
This view of the "natural ecosystem" model 
and the carbon storage routes evoked above 
show that three principles act in the stock of 
organic matter (of carbon) and, by extension, 
in the services rendered and the "health" of 
the soil: permanent cover to nourish the life 
of the soil, the lack of mechanical tillage to 
preserve the habitats and the maximisation 
and diversity of biomass inputs all help in 
adapting to the constraints of exporting 
harvests. 
 
Applying these principles using the techniques 
identified in research into agro-ecology 
(minimum tillage, no till or direct drilling 
under plant cover, covers crops, etc.) 
produces an agricultural carbon sink and, by 
extension, as in nature itself, all the 
ecological services linked to the development 
of the biodiversity. 

7 
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II - The key for the environment: financing carbon sink 
agriculture  
 
The failure of Copenhagen and abandoning 
the carbon tax both seem to thwart the goals 
of combating global warming. 
 
The suggestion of a European agricultural 
policy encouraging the creation of agricultural 
carbon sinks makes it clear that carbon  
 

 
sequestration in the soils (and in the plants 
and biodiversity) would be one easy method 
of combating the greenhouse effect. How can 
farmers be urged to change their agricultural 
practices permanently? The question of 
remunerating this service rendered to society 
is henceforth raised! 
 

 
(a)  The potential for agricultural techniques to sequester carbon!  

 
Since its creation in 2008, IAD has been 
hosting the tools and partners committed to 
technical innovations around agricultural 
carbon sinks. These really do exist and can be 
measured. Measuring carbon sequestration in 
the soils is a major step, ideal for introducing 
innovations in total transparency and with full 
knowledge of the facts.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Since 2009, IAD has been testing the 
indicators required to measure and monitor 
carbon sequestration in the soils, the biomass 
and the biodiversity. To achieve this, it has 
identified indicators capable of measuring 
results. 
 
The following two figures (6 and 7) present 
the farm results from surveys of soil analysis 
histories. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: The increase in organic matter in the soil. Source: IAD 2010, history of farms 

which have changed agronomic practices: Direct drilling with soil cover 
 

 


