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CHAPTER 1

1.  THE IMPACT OF AGRICULTURE ON THE ENVIRONMENT: 
DEVELOPMENT OF SUSTAINABILITY REQUIREMENTS

1.1. Environmental impacts of intensive agriculture 

While agriculture’s assigned mission – to produce more at the lowest cost – has benefited 
society as a whole, it has also had adverse effects on the environment. There is now near 
universal acknowledgement of the pollutant effects of intensive farming, as practised 
in many parts of the world.

Agriculture is the largest consumer of water (50-80%), the biggest source of nitrogen 
pollution (65%), and the second largest emitter of phosphorus (20%). 25% of European 
groundwater exceeds the accepted standard for nitrates, and a large proportion of 
freshwater resources exceed the permissible limit for plant protection products. The 
concentration of plant protection products in rainwater is commonly 1 to 2 or even 3 pg 
per litre. Meanwhile, agriculture emits over 90% of the NH3, 50% of the CH4 and 25% of 
the N2O present in the air. The accumulation of heavy metals (Cu, Zn, Cd) from fertilisers, 
sludge and animal excrement poses a threat of phytotoxicity for some soils. In France, 
it is estimated that over 20% of soils could have heavy metal-related problems if their 
pH became acidic. Some cultivation practices have caused soils to harden, reducing 
their productivity. Soil erosion has soared over the past 30 years, leading to problems 
such as mudslides.

Figure 1 - Banana tree plantation in Martinique.  

According to a report by the oncologist Dominique Belpomme,  

the pesticides used for agriculture in the West Indies have caused a 'health disaster'.

Agriculture is the primary player in landscapes and ecosystems: drained wetlands, 
hundreds of thousands of kilometres of hedgerows uprooted, mass deforestation, the 
elimination of fallow land, and so on. It is also the primary user of biodiversity: the 
search for high-yield varieties has considerably reduced the diversity of cultivated species 
(90% of European maize comes from a single strain; by 1990, a single variety of apple 
(Golden Delicious) accounted for 75% of sales). 

The repeated use of plant protection products has increased resistance (more than half of 
insects are resistant to organophosphates, and more than 150 species of pathogenic fungi 
are also resistant, while wild grasses resistant to glyphosate were first detected˝ in 1998). 

Finally, despite the studies manufacturers are required to carry out, health and 
environmental issues are still insufficiently assessed, including:

• the long-term effect, on the operator and on the consumer, of pesticides found 
in low concentrations in food, water and air, especially when there are multiple 
residues (up to 7 or 8 different residues can be detected on some vegetables);

• the effect of the use and dispersal of plant and animal GMOs in ecosystems;

• the consequences on soil microfauna of land degradation, the intensive use of 
inputs and of various agricultural practices (e.g. single-crop farming).

The problematic effect of certain intensive practices (e.g. chemical control) observed 
today suggests that the dominance of certain techniques recently used by agriculture 
seems to have gone beyond science’s capacity to fully understand all their impacts 
on the environment, and the capacity of agriculture to control the effects of these 
techniques on the environment.

More than any other economic sector, agriculture depends on harmonious collaboration 
between humankind and nature. Despite all its resources, agriculture is essentially 
conditioned by natural cycles. A failure to respect these cycles, combined with attempts 
to transform agriculture into a branch of industry, independent of nature, has had 
dramatic repercussions on our living environment.

1.2. Consequences and limitations of intensive production

The damage caused by certain intensive agricultural practices significantly disrupts 
other economic activities that depend on the same natural resources, and on water 
quality in particular: tourism (proliferations of algae or water hyacinth infestation), fish 
farming (pesticides and toxic algae), and agro-food industries (nitrates). Purification in 
order to restore water quality can be costly for local authorities and businesses. Restoring 
an environment requires considerable effort and investment!

Intensive production methods have contaminated and in some cases polluted 
environments (water, soil, air), depleted biotopes and degraded agricultural land.

‘Contamination’ is defined as the abnormal presence of substances and micro-organisms 
in a section of the environment. In the case of synthetic pesticides, the term contamination 
can be formally extended to agricultural land, even though the presence of pesticides 
in these soils is expected and intentional (this is not the case for aquatic environments, 
for example). 

The term ‘pollution’ refers to the presence of substances above a threshold at which 
negative effects (particularly for humans living in that environment) are likely to occur.
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1.3.  Sustainable management of the environment: development of the legal framework

The topic of environmental management is far from new. As early as 1968, the Algiers 
Convention laid the foundations for the conservation and use of soil, water, flora and 
fauna resources for African countries. Although little known, it had the merit of having 
established a regional legal framework in Africa for the responsible management of 
natural resources. 

1.3.1. The Stockholm Conference

In the early 1970s, concerns about the impact of economic growth on social development 
and the environment became increasingly acute worldwide. This was the context for the 
Stockholm Conference in 1972, one of the first decisive steps in the adoption of several 
legal instruments and the advent of specialist environmental protection institutions (e.g. 
the United Nations Environment Programme – UNEP).

1.3.2.  The Earth Summit (Rio Conference) and the Multilateral Environmental 
Agreements (MEAs) that emerged from it

In 1992, the United Nations Conference on Environment 
and Development (UNCED) brought together governments, 
nongovernmental organisations and civil society to define a new 
approach to the environment and pushed environmental and 
development issues up the international community’s agenda.

Referred to as the Earth Summit, this conference reiterated 
the global nature of issues surrounding the deterioration of 
ecosystems and management of natural resources with a sustainable development focus. 
It was during this summit that non-binding guiding principles for a global consensus 
on the management, conservation and sustainable development of all types of forests 
were discussed, namely:

• The ‘polluter pays’ principle

• Intergenerational equity

• The precautionary principle

• Cooperation

• Mutual responsibility

By highlighting the global or planetary dimension of environmental problems, the Earth 
Summit (Rio Conference) made a huge contribution to the emergence of international 
environment law, which comprises several conventions (formal agreements between 
States) whose goal is to regulate how global environmental issues are addressed. The 
environmental conventions that mobilise the international community the most today 
are those that emerged directly from the Rio summit. They include the Convention on 
Climate Change (supplemented by the Kyoto Protocol) and the Convention on Biological 
Diversity (supplemented by the Cartagena Protocol).

These two major conventions are generally linked with the Convention to Combat 
Desertification in countries experiencing serious drought. This Convention on 
Desertification was drafted in Paris in 1994, and is part of the actions advocated by the 
Rio Conference. 
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 ■ The Convention on Climate Change 

This Convention formalises the international community’s awareness of the risks and 
the capacity of human activities to modify the climate. In this Convention, climate change 
is defined as “a change of climate which is attributed directly or indirectly to human 
activity that alters the composition of the global atmosphere and which is in addition to 
natural climate variability”. This definition underscores the focus of the international 
community’s concerns, stemming from the fact that beyond natural climate variability, 
human activities are viewed as capable of disrupting how the climate system functions.

The effort required from countries is modulated: developed countries have an ‘historic’ 
responsibility tied to their industrial growth to make a greater effort than developing 
countries, which play a more minor role. 

Ratified in 2008 by 190 countries, and considered a first step at international level, it 
does not set quantified commitments to be observed by countries. This shortcoming 
was taken into account in the Kyoto Protocol1.

 ■ The Kyoto Protocol (1997) 

This protocol was the result of bitter political negotiations mainly between the United 
States, the European Union and developing countries. Its goal was to limit and reduce 
emissions of 6 greenhouse gases (CO2, methane, nitrous oxide, HFCs, PFCs and SF6) by 
setting emissions quotas to be observed by developed countries, considered the major 
contributors to climate change. Following the spirit and principles of the Convention on 
Climate Change, the year 1990 is taken as the baseline year, and the first commitment 
period ended in 2012. In this deadline year (2012), the target was for global production 
of anthropogenic greenhouse gases to be no higher than 1990 levels. 

Countries that have committed to the Kyoto Protocol have, on average, decided to reduce 
their greenhouse gas emissions by at least 5% over the 2008-2012 period compared 
with 1990 levels. They collectively achieved this goal (with a reduction of over 20%). For 
the climate, however, the trend is upwards. Over the two decades of the Kyoto Protocol, 
the concentration of CO2 in the atmosphere has jumped by 10.3%. CO2 production in 
emerging countries has only increased. For example, it has quadrupled in China and 
tripled in India.

At the Doha Summit in 2012, a second commitment period for the Protocol was set. This 
period was between 1 January 2013 and 31 December 2020, but some countries, such 
as Canada, Russia and Japan, refused to maintain their commitment if China and the 
United States did not commit.

The Kyoto Protocol has generated a lot of criticism: 

• the mobilisation of the international community through the Kyoto Protocol 
appeared insufficient from the perspective of easing of the ‘climate crisis’ by 
2012. Many experts were of the view that the goal of an overall reduction of 5.2% 
in greenhouse gas emissions could not prevent climate change;

1  A convention usually refers to an agreement between States, and is synonymous with a treaty. A protocol 
is an agreement that supplements the convention.
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• the absence of penalties applicable in the event of non-compliance with the 
commitments made by the States. This absence of penalties also raised the 
question of how international decisions are followed up with regard to States’ 
prerogatives;

• the failure of some countries to become involved in combating global warming, 
particularly developing countries (including the so-called emerging countries) 
judged to have little or no responsibility for the current warming;

• the importance placed on economic and industrial growth priorities over ecological 
imperatives. For example, the Protocol, like the Climate Convention, recognised 
that developing countries should prioritise economic growth and combating poverty. 
But this entails an increase in their carbon dioxide emissions. While developed 
countries were implicated due to their ‘historic responsibility’, developing countries 
were allowed the opportunity to have their turn to develop, even if this degraded 
the environment and the climate at the same time.

Following these criticisms and the apparent ineffectiveness of the Protocol, a new 
agreement was reached at the 21st Conference of the Parties (COP 21) in Paris.

 ■ COP 21 – Paris Climate Conference

In 2009,the Copenhagen Accord agreed at COP15 compiled common international 
guidelines on how to deal with climate change (reducing greenhouse gas emissions, 
limiting global warming to 2 °C, 30 billion dollars of funding over 2010-2012). But in the 
absence of global governance, this Accord has ultimately had little impact.

In 2011, the Durban Accord (2011) sought the adoption of a universal accord in 2015. Work 
then got under way to draw up a new protocol with force of law, whose adoption in 2015 
would enable it to be implemented as early as 2020. COP 21 was in motion. From then 
on, work aimed at filling the ‘ambition gap’ between commitments to reduce greenhouse 
gas emissions undertaken by States and the objective of keeping global warming below 
2 °C began. In late 2015, an agreement was reached at the Paris COP 21. The agreement 
was intended to limit the average increase in temperature significantly below 2 degrees 
compared with preindustrial levels, and to continue the action undertaken to limit the 
rise in temperatures to 1.5 °C.

To this end, the Paris Agreement stipulates that each country will review its commitments 
to reduce its greenhouse gas emissions every five years. Each new contribution at national 
level will have to include the progress since the previous contribution. The parties to 
the Agreement are committed to reaching a peak in global greenhouse gas emissions 
as soon as possible, to achieve a balance between emissions and offsets in the second 
half of the century. States are also required to increase their efforts to moderate and 
reduce their greenhouse gas emissions. As regards the climate challenge, the Agreement 
recognises the shared but differentiated responsibility of States, that is to say, according 
to their respective capacities and different national contexts. It takes into account, in 
particular, the level of development and the specific needs of particularly vulnerable 
countries. In addition to financial commitments, industrialised countries must facilitate 
technology transfer and, more broadly, adaptation to a carbon-free economy.

https://en.wikipedia.org/wiki/Copenhagen_Accord
https://en.wikipedia.org/wiki/Global_warming
https://en.wikipedia.org/wiki/Durban
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Figure 2 - COP 21 signatory countries (green) and countries that have ratified the Agreement (orange)

In terms of transparency, a system for monitoring national commitments, with a degree 
of flexibility for developing countries, was also established to monitor each other’s efforts. 
The 195 States Parties to negotiations have committed to formulating long-term low 
greenhouse gas emissions development strategies. This is the first time that a universal 
agreement has been concluded to address climate change. Certain legally binding 
rules will apply to the States Parties, such as the obligation for developed countries to 
provide financial support for implementing the Agreement to developing countries. The 
Agreement recognises the action of non-governmental actors that are already engaged, 
such as the Paris Appeal committing 800 companies, investors, cities and regions of the 
world to exceeding the ambition level set by the Paris Climate Agreement.

The Agreement entered into force on 4 November 2016, after ratification by 55 countries 
representing at least 55% of global greenhouse gas emissions. But “at any time after 
three years from the date on which this Agreement has entered into force for a Party”, 
that party may withdraw from it by giving written notification. On 8 May 2017, of 195 
signatory countries, 145 countries (representing 82.9% of global emissions) had ratified 
the Agreement.

 ■ Convention on Biological Diversity 

This Convention sets the international framework for the protection, use and management 
of biodiversity in accordance with the sustainable development concerns set out in 1987 
in the Brundtland Report and reiterated at the Rio Earth Summit. In the Convention, 
biological diversity is defined as “the variability among living organisms from all sources 
including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological 
complexes of which they are part”. Three levels of biodiversity are applied: 

• between species (species diversity);

• within species (genetic diversity); and, 

• of ecosystems (ecosystemic diversity).
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The objectives of the Convention are to achieve the conservation of biological diversity, 
the sustainable use of its components and the fair and equitable sharing of its genetic 
resources.

The Convention on Biological Diversity complements a series of international treaties 
relating to the protection of the environment and of fauna and flora species: the 1971 Ramsar 
Convention on Wetlands of International Importance, the 1972 Paris Convention on the 
Protection of the World Cultural and Natural Heritage (UNESCO), the 1973 Washington 
Convention on International Trade in Endangered Species (CITES), the 1979 Bonn Convention 
on the Conservation of Migratory Species belonging to Wildlife, and so on. 

 ■ The Cartagena Protocol (2000) 

Following the Biodiversity Convention, the Cartagena Protocol on Biosafety was adopted 
in Montreal in January 2000. It focuses on living modified organisms (LMOs) or genetically 
modified organisms (GMOs) and advocates the prevention of biotechnological risks. 
This Protocol regulates international transfers (exports), transport, handling and use 
of LMOs that could have adverse effects on the conservation and use of biological 
diversity, and pose risks to human health. It requires that the export and/or import of 
living modified organisms (such as maize and soya beans, for example), intended for 
food, feed or for processing, is accompanied by shipping documents indicating that such 
products ‘may contain’ genetically modified organisms and that they are not designed 
to be intentionally introduced into the environment.

At ACP level, governments are currently facing a huge challenge because of the 
deep uncertainty surrounding this technology and its use. They will need to develop 
appropriate laws, policies and regulations and strengthen institutions for effective 
decisionmaking, monitoring and evaluation, and enforcement.

 ■ Convention to Combat Desertification and Drought

At the request of those countries affected by these phenomena, combating drought and 
desertification had been on the agenda of the 1992 Rio Conference. Since discussions 
on the matter did not result in a treaty in Rio, the United Nations was asked to set up 
an intergovernmental negotiating committee. Its work led to the drafting of the text of 
the convention adopted in Paris in 1994, open to signature and ratification.

Under the convention, desertification means “land degradation in arid, semi-arid and 
dry sub-humid areas resulting from various factors, including climatic variations and 
human activities’. Drought, meanwhile, means ‘the naturally occurring phenomenon that 
exists when precipitation has been significantly below normal recorded levels, causing 
serious hydrological imbalances that adversely affect land resource production systems”,

The main objective of the convention is to “combat desertification and mitigate the effects 
of drought in countries experiencing serious drought and/or desertification, particularly 
in Africa, through effective action at all levels, supported by international cooperation 
and partnership arrangements, in the framework of an integrated approach which is 
consistent with Agenda 21, with a view to contributing to the achievement of sustainable 
development in affected areas”. 

To date, the Convention to Combat Desertification still suffers from a lack of, or very low 
availability of, financial resources for implementation in the affected countries. These 

countries hoped in vain that the Convention would benefit from an international financing 
mechanism, as is the case with the Global Environment Facility, which contributes 
financially to the functioning of conventions on climate change and on biological diversity. 
Unlike the conventions on climate change and biodiversity, the Convention on Drought 
and Desertification has not been supplemented by a protocol.

 ■ Multilateral Environmental Agreements (MEAs) relating to chemicals 

Although Africa is currently neither a major consumer nor a major producer of chemicals, 
they are an integral part of modern life. They are commonly used in the manufacturing, 
mining, agriculture and public-health sectors (e.g. malaria control).

Several MEAs have been adopted around the world to address the use of chemicals, 
including: 

• The Stockholm Convention on Persistent Organic Pollutants (2001); 

• The Rotterdam Convention on Prior Informed Consent for Certain Hazardous 
Chemicals and Pesticides in International Trade (1998); 

• The Basel Convention on the Control of Transboundary Movements of Hazardous 
Wastes and their Disposal (1987); 

• The Bamako Convention in Africa on Prohibiting the Import of Hazardous Wastes 
and the Control and Management of their Transboundary Movements in Africa 
(1996). 

The main legal approaches to these agreements include the precautionary approach, 
producer responsibility principles, the ‘polluter pays’ principle and, more generally, the 
duty to comply with the law. In May 2004, African governments adopted a resolution 
supporting the UNEP’s Strategic Approach to International Chemicals Management, which 
aims to promote synergies and coordination between regulators. African governments 
agreed that the development of a chemical management framework based on sound 
management throughout the life cycle was fundamental. Such an approach could include 
risk reduction measures, information systems, better governance, capacity building and 
control of illegal international trade (UNEP, 2006).

1.4. Preservation policies

Faced with environmental degradation, contamination and pollution, a more ecological 
and more pro-active European agricultural policy must be promoted, and concrete 
measures taken to prevent the continued destruction of natural resources, and of water 
resources in particular. 

Water and soil, with their multiple and competing usages, represent key junctures 
for environmental management issues. They therefore warrant particular attention.

For farmers, water is one of the resources needed to boost and/or regulate food production 
and food quality. Soil management, combined with cultivation practices and the use of 
inputs, is a crucial factor in determining an environment’s quality, particularly water 
quality (groundwater, water tables and rivers): the producer’s practices may cause a 
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deterioration in quality (soil erosion, diffuse pollution in fields or concentrated pollution, 
for example, around livestock buildings, eutrophication), or on the contrary they may 
improve their quality (for example by establishing grassed strips, buffer zones, spray 
preparation and packaging recovery areas, planting hedgerows, etc.). 

Under European regulations (e.g. the Nitrates Directive), ‘Good Practice Codes’ 
are provided for the use of inputs. There are also ‘River Contracts’ (management of 
watersheds), and ‘Quality Charters’ formulated along the same lines.

These various ‘Codes’ will have no real effect on the development of agricultural 
practices unless they are accepted by producers through dialogue and voluntary 
buy-in, motivated by an awareness of the need to change their practices to preserve 
their ‘production tool’.  

In this respect, they differ considerably from the objectives of private quality ‘certifications’ 
(e.g. GLOBALG.A.P.).

Environmental protection is everyone’s concern, not just that of industrial players and 
farmers, who often have to carry the can. This means that no great progress can be 
envisaged without genuine social engagement: farmers must no longer be viewed as 
the only people with responsibility for managing rural areas. Inhabitants, businesses, 
associations, water agencies, public health services and so on, all have a major part to 
play in environmental preservation.

We are witnessing growing global awareness of the environmental impact of human 
activities, due to the global nature of environmental issues such as the greenhouse effect, 
which threaten the entire planet with global warming, and biodiversity conservation, 
of which developing countries are the main stakeholders, and developed countries the 
primary users.

In the recent Libreville (Declaration 2008), 80 health and environment ministers from 
53 African States committed to strengthening their ties and improving the coordination 
of their actions, to reduce environment-related health risks. Following the advice of 
experts, the ministers stated that it was “necessary and urgent to implement in their 
countries the imperatives of sustainable development in an effort to achieve economic 
growth”. They recognised the existence of barriers to implementing integrated strategies 
for preventing problems, and the threats to public health resulting from environmental 
degradation in fields such as water supply, drainage systems, air quality, disease vectors, 
the management of chemicals and waste (including new toxic substances), desertification, 
industrial and domestic risks, and other natural catastrophes.

They also highlighted “the emergence of new environmental risks”. These include 
persistent organic pollutants, waste from electrical and electronic equipment, irradiation, 
new workplace risks (dioxins, furans and heavy metals) and climate change. These trigger 
variations in agricultural production and also increase food insecurity, malnutrition and 
the transmission of malaria, diarrhoea and other vector-borne diseases. 

Avoidable deaths

“One quarter of deaths in Africa are linked to environmental factors, and 2.4 million 
of these could be avoided if these factors were controlled”.

Dr Maria Neira, Director, Department of Public Health and the Environment, World 
Health Organization (WHO).

The number of deaths that could have been avoided in the world with a healthier 
environment is estimated to be 13 million per year, with three-quarters of these being 
children aged under 5. Each year, over one million deaths are linked to poor water 
supply and drainage systems.

Research, geared almost exclusively towards increasing productivity through 
intensification and artificial means, has scarcely focused on the conditions and 
risks associated with these technologies, or on alternatives, such as integrated pest 
management or biological control.
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watersheds), and ‘Quality Charters’ formulated along the same lines.

These various ‘Codes’ will have no real effect on the development of agricultural 
practices unless they are accepted by producers through dialogue and voluntary 
buy-in, motivated by an awareness of the need to change their practices to preserve 
their ‘production tool’.  

In this respect, they differ considerably from the objectives of private quality ‘certifications’ 
(e.g. GLOBALG.A.P.).

Environmental protection is everyone’s concern, not just that of industrial players and 
farmers, who often have to carry the can. This means that no great progress can be 
envisaged without genuine social engagement: farmers must no longer be viewed as 
the only people with responsibility for managing rural areas. Inhabitants, businesses, 
associations, water agencies, public health services and so on, all have a major part to 
play in environmental preservation.

We are witnessing growing global awareness of the environmental impact of human 
activities, due to the global nature of environmental issues such as the greenhouse effect, 
which threaten the entire planet with global warming, and biodiversity conservation, 
of which developing countries are the main stakeholders, and developed countries the 
primary users.

In the recent Libreville (Declaration 2008), 80 health and environment ministers from 
53 African States committed to strengthening their ties and improving the coordination 
of their actions, to reduce environment-related health risks. Following the advice of 
experts, the ministers stated that it was “necessary and urgent to implement in their 
countries the imperatives of sustainable development in an effort to achieve economic 
growth”. They recognised the existence of barriers to implementing integrated strategies 
for preventing problems, and the threats to public health resulting from environmental 
degradation in fields such as water supply, drainage systems, air quality, disease vectors, 
the management of chemicals and waste (including new toxic substances), desertification, 
industrial and domestic risks, and other natural catastrophes.

They also highlighted “the emergence of new environmental risks”. These include 
persistent organic pollutants, waste from electrical and electronic equipment, irradiation, 
new workplace risks (dioxins, furans and heavy metals) and climate change. These trigger 
variations in agricultural production and also increase food insecurity, malnutrition and 
the transmission of malaria, diarrhoea and other vector-borne diseases. 

Avoidable deaths

“One quarter of deaths in Africa are linked to environmental factors, and 2.4 million 
of these could be avoided if these factors were controlled”.

Dr Maria Neira, Director, Department of Public Health and the Environment, World 
Health Organization (WHO).

The number of deaths that could have been avoided in the world with a healthier 
environment is estimated to be 13 million per year, with three-quarters of these being 
children aged under 5. Each year, over one million deaths are linked to poor water 
supply and drainage systems.

Research, geared almost exclusively towards increasing productivity through 
intensification and artificial means, has scarcely focused on the conditions and 
risks associated with these technologies, or on alternatives, such as integrated pest 
management or biological control.
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2.  THE ENVIRONMENTAL REQUIREMENTS OF THE DIFFERENT 
STANDARDS

2.1. Adaptation of production chains: seizing opportunities

Citizens are demanding multi-functional and more environmentally-friendly land 
management and, in addition, that agriculture pays the cost of the damage it causes. 
Consumers are demanding the right to choose regional products that are authentic and 
diverse, combining cultural traditions and environmental concerns.

The producer’s preservation of the environment is now explicitly seen as a mark of 
respect for the consumer, or at least as some sort of guarantee of the product’s safety 
and quality.

In view of the environmental and socio-economic damage caused by agricultural practices 
considered cutting edge until fairly recently, public fears and frustrations are growing in 
Europe and elsewhere. It is therefore becoming necessary for producers to rethink their 
choices and production models to make them more compatible with sustainable development.

Existing agricultural initiatives, experiments or practices are already 
promoting good water management, the development of biodiversity 
and the maintenance of the biological functions of soils and landscapes. 
The agri-food industry and volume retail are therefore keen to incorporate 
more and more ‘environmental requirements’ into their specifications 
(e.g.: GLOBALG.A.P., PERFECT Charter, Agriculture raisonnée, etc.), 
together with ISO 14001 or PPP certifications such as in Tunisia (Cleaner 
Production, based on integrated prevention of pollution), and eco-labels 
such as the EU’s ‘Eco-label’ (the ‘Flower’; this label is regulated by 
the European Union Eco-labelling Board (EUEB) (23 different product 

groups, and over 250 certificates have already been awarded for several hundreds of products 
in Europe). 

Respect for the environment is also a requirement for ethical certification.

2.2 Importance of the environment in private standards

In view of the growing importance that consumers place on environmental protection, 

and on the concept of sustainable development, the adoption of Good Practices and 
responsible behaviour in order to reduce the negative impact of production activities 
and of produce handling on flora, fauna and natural resources in general, represent 
an increasingly stringent requirement of the various ‘quality standards’ in force in the 
agri-food sector. 

Far beyond controlling food safety and quality, with regard to the principle of due diligence, 
which requires operators to only market food-stuffs for which they can provide food safety 
and quality guarantees, producers must also incorporate environmental protection measures 
when choosing and determining their crop production protocols and production systems. 

Sustainable development and environmental protection are two of the requirements 
and concerns of private standards and benchmarks.

This means that the compliance measures that should be undertaken or maintained in 
a business must effectively take into account environmental protection issues. In this 
respect, a good understanding of the requirements of the ‘quality’ standards in force in 
the primary production sector is vital.

A critical review and comparative analysis of the requirements and control points of the 
GLOBALG.A.P., TESCO Nature’s Choice and Fairtrade (Fairtrade Labelling Organization) 
standards, which are increasingly demanded of producers of fresh fruits and vegetables 
from ACP Countries exporting to the European Union, illustrate the importance that 
should be placed on environmental protection and on implementing an appropriate 
quality management policy.

2.3. GLOBALG.A.P. environmental requirements

GLOBALG.A.P. is a private sector body that sets voluntary 
standards for the certification of agricultural products throughout 
the world. The slogan “The global partnership for safe and 
sustainable agriculture”, eloquently conveys the global 
environmental concerns addressed by the GLOBALG.A.P. 
standard.

As stated in its “General Regulations”, GLOBALG.A.P. aims to 
respond to consumers’ concerns about food safety, environmental protection, health, 
the safety and social welfare of workers, and animal welfare. 

The various partners who support the initiative (large supermarket chains, makers of 
agrochemical products, producer associations, private foundations, etc.) are working to:

• encourage the implementation of safe, economically viable agricultural production 
systems that promote minimal use of agrochemical inputs across the world;

• develop a Good Agricultural Practice (G.A.P) framework for the comparative 
evaluation of production systems and existing standards (including traceability);

• provide advice on continuous improvement, development and understanding of 
best practices;

• establish a single, recognised framework for independent verification.

Although not focused on the environment, GLOBAL G.A.P. takes into account the concerns 
of stakeholders and integrates environmental requirements into its standards framework 
(of the 218 control points, 69 relate to management of the environment).

In version 5 of the GLOBAL G.A.P. standard (2016), the development of certain control 
points linked to the environment is notable, particularly regarding: 

• Responsible use of water: New criteria that require efficient and effective use of 
water at the farm and ensure that producers comply with prevailing restrictions on 
statutory water use. The standard also provides a responsible water management 
plan and an evaluation of risks associated with water management that have been 
mandatory since July 2017.
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• Energy efficiency: Integration of additional criteria to help farmers monitor their 
energy consumption, reduce the use of non-renewable energy sources, and ensure 
proper maintenance of equipment that is not related to food safety. 

• Pollution control: The farm waste management plan currently also includes 
environmentally-secure storage areas for fuel and oil tanks.

The GLOBALG.A.P. standard is “primarily designed to reassure consumers about how 
food is produced on the farm by minimising the detrimental environmental impacts of 
farming operations, reducing the use of chemical inputs and ensuring a responsible 
approach to worker health and safety, as well as animal welfare”.

GLOBALG.A.P. aims to be a responsible crop and livestock farming system that covers 
the entire agricultural production process of the certified product, from the choice of 
seed or seedlings to the end product. The standard is subdivided into different modules 
and covers the production of agriculture, aquaculture and livestock produce destined 
for human consumption.

The aim of the certification is to guarantee the process of verifying good practices 
throughout the production chain, including handling, transport and packaging of the 
products. Compliance with the GLOBALG.A.P. standard is based on the implementation 
of a quality management system focused on applying good practices to all stages of 
the agricultural production, livestock breeding and aquaculture process (the processing 
and slaughter of animals is not included in the scope of application), through the 
implementation of the principles of integrated control, and responsible use of inputs.

These good practice requirements, which are essential for achieving the objectives of 
controlling food safety, must also give clear evidence of producers’ efforts to reduce the 
negative impact of their activities on the environment.

GLOBALG.A.P. certification is obtained if all key requirements are met in full and minor 
requirements are at least 95% met. The recommendations do not influence the result 
of the certification.

2.4. TESCO Nurture’s environmental requirements

TESCO (an international retail group based primarily in the United 
Kingdom, Ireland and Asia, and the leading British supermarket 
chain) seeks to promote its products through guarantees of 
adherence to very high quality standards. To achieve this, it seeks 
to demonstrate that TESCO products are ‘healthy, appetising 
and delicious’ and believes that the standards that enable it to 
achieve its quality objectives can only be achieved through “the 
adoption of viable production and produce handling practices 

that protect and even improve the balance and biodiversity of the environment”.

It is for this reason that TESCO has developed Tesco Nurture (formerly ‘Nature’s Choice’), 
which has been implemented since 1991 through a Code of Practice that is now in its 
second version (2006). Tesco Nurture identifies the essential principles and practices that 
guarantee that the production and produce handling systems applied by producers and 
suppliers of TESCO fresh fruit and vegetables are viable, ecological and responsible.

The 2010 version of the TESCO Nurture standard is divided into 7 chapters with 204 
control points (19 critical, 160 mandatory and 25 standard):

1. Responsible use of crop protection products

2. Responsible use of mineral and organic fertilisers

3. Pollution prevention

4. Protection of human health and working conditions

5. Efficient use of energy, water and other natural energy sources

6. Recycling and reuse of materials

7. Protecting and conserving flora, fauna and the landscape

Compliance with the Tesco Nurture Code of Practice aims to guarantee that the products 
have been grown and handled in accordance with the high expectations and regulatory 
requirements of Tesco customers, as regards:

• food safety and quality;
• environmental protection and enhancement, the protection of health, and the 

responsible use of natural resources and agrochemicals.

Tesco Nurture is designed to promote stringent but viable production standards, through 
an integrated management plan combining “the need to protect and enhance the 
environment with the sustainable development of biodiversity”.

To do this, producers who wish to become a Tesco supplier must formulate and implement 
a policy for the protection and enhancement of fauna, flora and natural landscapes. To 
this end, the action programme to be implemented must be reviewed annually to ensure 
it is continuously improved and updated.

Compliance with Tesco requirements is assessed through an official audit by an accredited 
inspection body. 

Tesco Nurture certification seeks to guarantee that businesses working for Tesco are 
reliable, professional and concerned about protecting and enhancing the environment, 
protecting health and the responsible use of natural resources and agrochemicals. 
The different requirements and control points of the Nurture Code of Practice aim to 
ensure that Tesco producers and suppliers take measures to minimise the impact of 
their activities on the environment, by identifying and addressing “the key aspects of 
food production, packaging and presentation”.

The certification of compliance can be issued at three levels: Gold, Silver or Bronze.
Gold level certification:

• 100% compliance with critical control points, on the first day of the audit

• 100% compliance with mandatory control points, after a maximum period of 28 
calendar days to remove all non-conformities identified, as from the date of the 
initial audit

• 95%-100% compliance with standard control points, on the first day of the audit.
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Silver level certification:

• 100% compliance with critical control points, after a maximum period of 7 calendar 
days after the audit

• 90% compliance with mandatory control points within a maximum period of 28 
days after the audit, to remove any nonconformities identified

• 75%-94% compliance with standard control points, on the first day of the audit.

Bronze level certification:

• 100% compliance with critical control points, within a maximum period of 7 
calendar days after the audit to remove any nonconformities identified

• 75% compliance with mandatory control points within a maximum period of 28 
days after the audit, to remove any nonconformities identified

• 50%-74% compliance with standard control points, on the first day of the audit.

2.5. Fairtrade (FLO) environmental requirements

Fairtrade (Fairtrade Labelling Organizations international, FLO) is an initiative to help 
small-scale producers and workers in developing countries.

In January 2004, to guarantee the independence of the fair trade certification process, Fair 
Trade Labelling Organizations International was divided into two separate organisations:

• FLO International e.V., whose role is to establish fair trade standards, assist 
producers with the certification process and in seeking markets for their products 
and, in collaboration with its member associations, to license use of the fair trade 
certification mark.

• FLO-CERT GmbH, whose role is to inspect and certify eligible producers and 
importers to ensure fair trade standards, as defined by FLO International, are 
respected.

By its very essence, FLO focuses on working conditions, fair pay for workers and worker 
well-being and but also incorporates environmental aspects. The standard focuses 
on organic farming methods with a view to protecting and maintaining biodiversity. Its 
aims are the limited and safe use of chemicals, waste management, erosion control, 
soil fertility maintenance and responsible water management. Certain pesticides and 
genetically modified organisms are prohibited. The felling of primary forests is also 
prohibited. To do this, FLO applies progressive criteria, forcing the farmer to comply 
within a period of a few years.

As described in the generic Fairtrade standards for small-scale producer organisations, 
FLO has three key objectives:

• economic development;

• social development;

• environmental development.

• 

Fairtrade positions itself as an alternative for small-scale producers and workers, aimed 
at ensuring their economic and/or social development through fair access to markets, 
under better trading conditions. 

In addition, in line with its environmental development concerns, FLO has specific 
requirements.

The producer organisation must ensure that its members protect the natural environment 
and that environmental protection forms part of the farms’ management. To do so, 
the organisation must facilitate the development, implementation and monitoring of 
the producers’ activity plans. 

The stated objective is to create a balance between environmental protection and economic 
results through a package of measures that includes crop rotation, cultivation techniques, 
crop selection, the responsible use of inputs such as fertiliser and pesticides, etc.

The aim is to ensure that producer members of the organisation “minimise the use of 
non-natural and synthetic pesticides, partially and gradually replacing them with natural 
and on-farm fertilisers and biological methods of disease control”.

FLO therefore strongly encourages small-scale producers to choose organic practices 
when this choice is practical from a social and economic perspective. The standard also 
seeks to promote minimal use of energy and favouring energy from renewable sources.

An organisation applying for FLO certification must “maintain a management system 
consistent with its size in order to ensure organisational control of the areas for which 
it is responsible, and to monitor production by its members through the use of proven 
inspection and verification methodologies”.

For FLO certification, the requirements, on the basis of which the producers will be 
inspected, are of two types:

• The minimum requirements that all producer organisations must meet from the 
moment they join the Fairtrade system, or within a defined period; 

• Progress requirements, on the basis of which producer organisations must 
demonstrate continuous improvements. An evaluation report on the achievement 
of the progress requirements must be drafted every year.

Considering the number of control points that are minimum requirements, it would be 
tempting to conclude that environmental issues are more prominent in FLO certification 
than in GLOBALG.A.P. and Tesco Nurture. However, this is not necessarily the case. 
GLOBALG.A.P. and Tesco Nurture have fundamental requirements (major and minor, 
critical and mandatory) for applying Good Agricultural Practices, Good Plant Protection 
Practices, Good Hygiene Practices and defining an integrated crop management plan. 

It goes without saying that the application of good practices and integrated pest management 
principles is a prerequisite for minimising the use of chemicals. The responsible use of 
inputs (plant protection products, fertilisers, maintenance and cleaning products, etc.) 
clearly makes it possible to gradually and subtly reduce the negative impact such inputs may 
have on biodiversity, fauna, flora and the ecosystem, and thus influences the effectiveness 
of any environmental protection and improvement programme. 
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Support for strengthening the capacity of businesses’ staff in crop protection, the 
application of integrated pest management principles, the safe use of pesticides, hygiene 
and risk analyses, etc., is proving to be key to promoting horticultural businesses’ 
compliance with food safety requirements on the one hand, and environmental and 
natural resource protection on the other. 

2.6  Summary of the key requirements, control points and compliance criteria of the 
quality standards

A review of the control points and requirements of GLOBALG.A.P., of Tesco Nurture and 
of FLO highlights the importance these standards ascribe to environmental protection. 
Notwithstanding variations in the different formulations of the control points and how 
they are depicted, it can be concluded that the audit checklist sections, designed reduce 
the negative impacts of production activities and to enhance environmental protection, 
have similar requirements relating to:

• the choice of crop practices that preserve soil structure and protect soil from 
erosion;

• the responsible use of plant protection products and fertilisers (organic and 
mineral);

• the application of integrated pest management principles for minimal use of 
chemicals (agrochemicals and fertilisers);

• the responsible use of water resources;

• management of waste and polluting substances (inventory, storage, recycling 
and elimination);

• the protection of fauna and flora;

• environmental protection.

Reference to the evaluation grids for these standards provides a better understanding 
of their compliance criteria and the weighting of control points aimed at environmental 
protection when making the certification decision.  
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GLOBALG.A.P. TESCO 
Nurture

Fairtrade
(FLO)

General requirements

• Application of good 
agricultural practices and 
good hygiene practices

• Application of integrated 
pest management 
principles

• Optimal use of inputs
• Management of polluting 

materials and of waste, 
recycling and reuse

• Protection of the 
environment

• Responsible use of crop 
protection products

• Responsible use of 
fertilisers and soil 
improvers

• Pollution prevention
• Protection of human health
• Efficient use of energy, 

water and other natural 
resources

• Recycling and reuse of 
materials

• Protecting and conserving 
flora, fauna and 
landscapes 

• Protecting the natural 
environment

• Sensible use of inputs
• Balance between 

environmental protection 
and economic 
performance

• Choices made on organic 
practices

• Minimising energy use

Compliance criteria and control points

Cultivation techniques
• Choice of cultivation 

techniques aimed at 
improving soil structure 
and limiting soil erosion

Use of fertilisers 
• Sensible use and choice of 

fertilisers
• Appropriate warehousing, 

reducing risks of 
contamination 

• Proof of staff competence

Irrigation and fertigation
• Choice of irrigation and 

fertigation methods that 
preserve water resources

• A water resources 
management plan 

Responsible use of crop 
protection products
• A general policy statement 

over 12 months
• Documented proof of 

implementation (use of 
products approved by 
Tesco and respect for the 
prescribed conditions; 
responsible elimination of 
mixtures, secure storage of 
the products) 

Responsible use of mineral 
and organic fertilisers
• A general policy statement 

over 12 months
• Documented proof of 

implementation 
• Staff training

Impact assessment, 
planning and monitoring
• Environmental protection 

plan
• Non-use of plant material 

from protected areas, and 
replanting of harvested 
wild species 

• internal control system
• Environmental practices 

improvement plan
• Identification of sensitive 

areas (waterways, open 
spaces, etc.) 

• Natural fauna and flora 
regeneration plan

• Plan for responsible 
land management 
and reforestation, and 
implementation of plant 
cover
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Integrated control 
• Application of responsible 

plant protection control 
systems

• Requirements for proof 
of the application of 
integrated control 
principles (‘prevention’, 
‘observation and 
monitoring’ and 
‘intervention’)

Plant protection products 
• Choice of appropriate and 

approved products
• Responsible use of 

products (adhering to 
doses, correct application)

• Proof of staff competence 
• Elimination of unused plant 

protection products and 
empty packaging

Management of polluting 
materials and of waste, 
recycling and reuse
• Identification of all waste, 

and management plan 
established

Preservation of the 
environment
• Environmental protection 

plan established

Pollution prevention
• A general policy statement 

over 12 months
• A risk assessment and a 

control plan

Efficient use of energy, 
water and other natural 
resources
• A general policy statement 

over 12 months
• Documented proof of 

implementation  
• Responsible use of water

Recycling and reuse of 
materials
• A general policy statement 

over 12 months
• Documented proof of 

implementation 
• Waste management 

procedure

Protecting and conserving 
flora, fauna and the 
landscape
• A general policy statement 

over 12 months
• Documented proof of 

implementation 
• Integrated management 

plan to protect and 
encourage fauna and flora 
diversity

• Proof of application of the 
integrated management 
plan

• Register of information 
(land, agrochemical 
products, crop rotation and 
water use)

• Infrastructure and 
environmental programmes 

Agrochemical products(*)
• Adhering to the FLO list of 

banned substances
• Responsible use of 

products and research into 
alternatives 

• Safe and secure storage of 
pesticides and elimination 
of packaging

• 
Waste
• A waste management and 

recycling plan

Soils and water 
• Practical procedures for 

soil preservation 
• Water management plan

Fire
• Controlled use of fire for 

clearing 

Genetically modified 
organisms
• No GMOs

(*) For FLO, the term ‘agrochemical’ includes all synthetic inputs: pesticides, fertilisers, cleaning 
products, detergents, etc.
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Evaluation and requirement levels

• Use of fertilisers: 2 major 
requirements

• Integrated pest 
management: 
6 minor requirements

• Plant protection 
products: 
3 major requirements, 
10 minor requirements 
and 2 recommendations

• Preservation of the 
environment: 
1 minor requirement and 
6 recommendations

• Management of 
polluting materials and 
of waste: 
1 major requirement, 1 
minor requirement and 
3 recommendations.

• Responsible use of crop 
protection products: 
8 mandatory requirements 
and 1 standard requirement

• Responsible use of mineral 
and organic fertilisers: 
4 mandatory requirements 
and 2 standard requirements

• Pollution prevention: 
5 mandatory requirements 
and 2 standard requirements

• Efficient use of energy, 
water and other natural 
resources: 
1 critical requirement and 7 
mandatory requirements

• Recycling and reuse of 
materials: 
3 mandatory requirements 
and 5 standard requirements

• Protecting and conserving 
flora, fauna and landscape: 
1 critical requirement, 3 
mandatory requirements and 
4 standard requirements

• Impact assessment, 
planning and 
monitoring: 
2 minimum requirements 
and 11 progress 
requirements

• Agrochemical products: 
7 minimum requirements 
and 10 progress 
requirements

• Waste: 
6 progress requirements

• Soil and water: 
2 minimum requirements 
and 6 progress 
requirements

• Fire: 
3 progress requirements

• Genetically modified 
organisms: 
1 critical requirement and 
3 progress requirements
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3.  IMPLEMENTATION OF AN ENVIRONMENTAL PROTECTION POLICY: 
PRACTICAL ILLUSTRATION

Operators applying for GLOBALG.A.P., Tesco Nurture or FLO certification must provide 
clear evidence of their commitment to minimising the negative impact of their activities 
on flora, fauna, biodiversity and the overall ecosystem, and the actions they take on an 
ongoing basis to safeguard the environment and natural resources.

To do this, they must implement a quality control system founded on:

• the application of good practices (agricultural, hygiene, handling, transport, etc.) 
and of integrated pest management principles; 

• the establishment of a waste management policy;

• the integrated management of biodiversity (fauna and flora)

• raise staff awareness of good practices to be followed for the protection of the 
environment.

3.1. Application of good practices

The company’s management is responsible for:

• establishing an organisation chart with a description of responsibilities; 

• drafting a general environmental protection policy within the framework of 
quality control management;

• communicating, in accordance with local legislation (environment code), the 
classification of their facilities that pose risks to health, safety, public sanitation, 
agriculture, nature and the environment in general, or disruptions to the 
neighbouring area;

• a commitment to operate according to Good Practices (agricultural, hygiene, 
transport, etc.);

• establishing procedures for the responsible use of fertiliser and of plant protection 
products (prevention methods, observations, setting intervention thresholds; 
outlining decision-making processes for treatment or fertilisation, etc.);

• holding, for operational staff involved in all stages of the process, training and/or 
awareness-raising sessions about the risks associated with using products that 
can have an impact on the environment (plant protection treatments, fertilisation, 
waste management).

To do this, they must:

• document the business’s organisation chart, indicating key staff responsible for 
defining crop protocols and issuing treatment and fertilisation instructions;

• attach to job descriptions copies of qualifications and training certificates to prove 
that the skills and qualifications of staff are such as to ensure the implementation 
of good practices;

• draft a quality control policy declaration that sets out the business’s objectives, 
including the ongoing search for responsible environmental protection practices. 
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Example of a display of a business’s environmental objectives (Photo B. Samb)

For Tesco Nurture, draft an annual statement confirming:

• an overall environmental policy; 

• responsible management of fertilisers and plant protection products; 

• an overall policy on optimising natural resources and on the management of 
waste and pollution.

Document the crop protocol by demonstrating the application of integrated pest 
management principles and responsible choices made to reduce the impact of cultivation 
activities on fauna, flora and environmental protection: 

• soil tillage, in line with the requirement to conserve soil structure and combat 
erosion;

• fertilisation programme, in line with the commitment to improving soil fertility, 
through the responsible use of fertilisers;

• plant protection treatment strategy, in line with the principles of responsible pest 
management (observations, assessment of infestation level or of damage before 
any treatment decision, choice of the least toxic products, etc.).

For businesses practising organic farming, they must provide evidence of this.

In addition, they must describe the practical arrangements that are in place for the 
management of waste and polluting substances generated by the business’s activities.
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3.2. Management of polluting substances and of waste

To prevent any harm that may threaten natural resources, the living environment and 
the protection of fauna and flora, the business’s management must:

• identify and classify all types of waste generated;

• draw up control measures for each type of waste identified.

3.2.1. Waste identification

The aim is to draw up an exhaustive list of all waste generated by the various activities 
(production or related activities):

• plant waste (for example: mango tree leaves used when transporting mangos to 
prevent knocks, weeds, sorting discrepancies, etc.);

• packaging waste (plastics, used packaging, empty packaging from plant protection 
products and solid or liquid fertiliser, etc.) ;

• miscellaneous waste (used drip tubes, lubricating oils, used batteries from rolling 
stock; water used to wash products, etc.);

• chemical waste (spray residues, used water from sprayers, etc.).

After drawing up the waste inventory, the business needs to classify that waste based 
on the types and origin: 

• solid waste (origin and quantity);

• liquid waste (origin and quantity);

• contaminated waste;

• non-contaminated waste (impact on the environment, flora, fauna).

3.2.2. Measures to control waste and polluting substances

Based on the results of the inventory and of the waste classification, appropriate measures 
for collection, storage, recycling or removal must be proposed: 

• provision of identified bins and dumps; 

• construction of platforms for managing accidental spills during the mixing of 
fertiliser and plant protection products;

• management of lubricating oils (stock for recycling and/or reuse);

• maintenance of machinery (keeping machinery maintenance sheets);

• regular cleaning of operating sites;

• management of plastics (acid containers and empty fertiliser bags);

• rinsing of plant protection treatment tanks to prevent contamination;

• use of irrigation drip tubes for creating wind breaks;tt

• policy for the management of empty plant protection product packaging: collection, 
temporary key-locked storage and elimination (incineration using an incinerator 
shaft designed in accordance with the British Agrochemical Association model, 
provided such a procedure is not prohibited in the country concerned) and/or 
recovery by an accredited body (if such a service exists). 
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By way of example, a table for the identification and management of waste and polluting 
substances is given below (not exhaustive):

Potential waste Origin
Control measures 

envisaged
Person responsible

Plastic materials:
• Empty cans
• Empty bags
• Drip tubes
• Plastic film

Pesticides
Fertiliser bags
Used drip tubes
Box outer 
packaging

Collection, storage and 
incineration
Binders for wind breaks

Plant protection 
product manager

Cardboard boxes:
• Contaminated boxes
• Empty packaging

Pesticide outer 
packaging
Used boxes

Etc.

Liquids:
• Washing water 

Packing station

Potential sources 
of pollution and 
contamination

Origin
Control measures 

envisaged
Person 

responsible

Plant protection 
products

Leakages or 
accidental 
spillage

Key-locked storage

Pesticide slurries
Accidental 
spillage 

Rinsing water from 
treatment apparatus

Incorrect 
elimination 
procedures

Hydrocarbons
Accidental 
spillage 

3.2.3. Management of biodiversity: fauna and flora

The management of flora, fauna and landscape is of great importance. Supporting 
species and the structural diversity of the features of the soil and landscape will benefit 
the abundance and diversity of fauna and flora. All these criteria must be taken into 
account in an environmental protection programme. An inventory of the fauna and flora 
of the farming area should therefore be prepared, to ensure and/or analyse:

• the description and presentation of the ecosystem;

• the analysis of its biodiversity;

• the impact of this biodiversity (fauna and flora) on the crops planted;

• the impact of crop practices on this biodiversity and precautionary measures to 
take to reduce them to acceptable levels.

For the biodiversity analysis, it may be useful to commission an external provider, such 
as a specialist consultant, life and earth sciences student, local water and forestry 
services, etc.).
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The aim is to draw up an inventory and analysis of the fauna, flora and the ecosystem, 
indicating, to the extent possible, for each species present:
An inventory and analysis of the fauna:

• Common name in English

• Scientific name

• Measurements

• Dietary requirements

• Degree of presence and impact on crops

• Probable impact of crop practices on the species

For example, for birds:

Nickel silver turtle dove
(Nickel silver turtle dove)
Streptopelia senegalensis

Class: Birds 
Order: Columbiformes 
Family: Columbidae

Measurements: 25 cm wing span

Dietary requirements: granivore and 
insectivore

Representativeness Impact on 
crops

Impacts of 
cultivation 
practices

Recommended 
precautionary 
measures

Very high Destructive

Another example, for mammals:

Hare
(Hare)
Lepus capensis

Class: Mammal  
Order: Lagomorphs 
Family: Leporidae

Measurements: 50 cm long and 2.5 kg 

Dietary requirements: herbivore and destroyer of 
plantations

Representativeness Impact on crops Impacts of 
cultivation practices

Recommended 
precautionary 

measures
High Destructive

Inventory and analysis of flora:

• Strata

• Scientific name

• Family

• Degree of presence and impact on crops

• Probable impact of crop practices on the species

Typha
Typha australis

Family: Poales

Representativeness Impact on 
crops

Impacts of cultivation 
practices

Recommended 
precautionary measures

High Invasive and 
competitive 
plant

3.2.4. Management of unproductive sites and habitats

The aim is to draw up a site plan of the production sites, showing:

• cropping areas (plots in production);

• habitation areas;

• warehouses where supplies are stored (pesticides, fertiliser, agricultural equipment, 
etc.);

• sanitary facilities (taps, toilets, etc.);

• the irrigation and fertigation network;

• unproductive sites (protected areas used to favour natural fauna and flora) and 
fallow areas.

This site plan aims to give an comprehensive overview of the production site, of the 
infrastructure and of the natural areas.

This type of representation of the site provides a better profile of the risks of pollution, 
contamination or degradation identified, as well as efforts to conserve and safeguard 
wild habitats and species and landscapes that could be threatened.
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1. MODES OF PRODUCTION AND IMPACT ON THE ENVIRONMENT
1.1. Differentiating between modes of production

Various modes of production seek to minimise environmental impacts, for example to 
conserve, improve or restore soil fertility or the environment’s biodiversity. 

Studying these modes of production is valuable because they make it possible to contrast 
what is called ‘conventional agriculture‘ (practised widely in developed countries), that 
all too often serves as a technical benchmark, with other approaches, other ways of 
thinking about agriculture, the role of soils and of biodiversity, the value of traditional 
techniques, etc. 

All farmers have their own way of running their farms. It is very difficult today to 
adequately define all modes of production and to classify them by their ‘sustainability’ 
based on the diverse ways in which soils are used and managed.

We nevertheless believe that it is useful to try to differentiate them and to explain to 
practitioners exploring these concepts how they differ. 

We have therefore set out below the various known ‘modes of production’, from the least 
sustainable (conventional agriculture) to the most advanced concepts in sustainable 
agriculture, in terms that reflect agriculture’s societal role and the producer’s responsibility 
(such as permaculture or agroforestry).

1.2. So-called ‘conventional’ agriculture 

This type of agriculture should instead be referred to as ‘industrial farming’, since its 
primary objective is to produce and it is consequently highly mechanised and consumes a 
lot of fossil energy and inputs. This type of agriculture is an intensive mode of production 
and tends to achieve maximum crop yields thanks to the use of high-potential but 
not very hardy varieties (varieties that are exposed to the vagaries of the weather, and 
attacks from pests) and that are demanding in terms of water and nutrients. It therefore 
requires the use of many inputs, such as energy, chemical fertilisers, crop treatment 
products, etc. Soils’ fertility potential is exploited to the fullest, supported by massive 
inputs of chemical fertilisers. 

Figure 1 – Conventional cultivation of beans in Kenya (Photo: B. Schiffers)
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In the long term, this type of agriculture is detrimental to soil quality, causing a reduction 
in the levels of organic matter, loss of structure, a decline in soils’ biological activity, 
a build-up of toxic products in the soils, etc. Under pressure from consumers, other 
sectors and authorities, industrial agriculture has undergone a gradual transformation 
in recent decades that has led to evolved methods, including the French concept of 
agriculture raisonnée (responsible agriculture).

1.3. So-called ‘responsible’ agriculture 

The main aim of this type of agriculture is to produce more, while trying to move 
towards a more efficient use of inputs. According to the definition provided by various 
sources (e.g. INRA, France) “responsible agriculture is an approach applied to agricultural 
production that takes into account environmental protection, health and animal welfare. 
The central principle of responsible agriculture is to optimise economic output while 
controlling the quantities of inputs used”.

It corresponds to overall approaches to farm management that aim to go beyond compliance 
with legislation and regulations (e.g. by respecting ‘specifications’ or ‘standards’) and 
reinforce the positive impact of agricultural practices on the environment while reducing 
their negative effects (e.g. adding organic fertilisers; cover crops; green manure; reducing 
plant protection treatments). 

This type of farming does not compromise crop production protocols (they are 
simply adapted to reduce their impact, but, overall, farms only treat if necessary, 
at the right time and with suitable equipment and dosing), or the economic 
profitability of the farms. This is the model most often advocated by the authorities2 

 in conjunction with input suppliers. Farms seek to be ‘modern’ with ‘precision’ techniques; 
they must be of sufficient size to justify investment in powerful, but expensive, machinery 
and advanced technology such as GPS, onboard cameras, sensors, drones, etc. (with 
the aim of taking advantage of economies of scale). This type of agriculture remains 
highly dependent on external inputs. At soil level, observations show that the long-term 
effect is the same; it merely slows down the phenomenon of degradation of normal 
soil fertility or loss of biodiversity.

1.4. So-called ‘integrated’ production

1.4.1. Origin of the concept 

This is a form of intensive agriculture that reconciles practices more respectful of health 
(fewer chemicals) and the environment (respect for hedgerows and natural environments; 
protection of beneficial insects and animals in general; integrated control; alternative 
methods; extended rotations; integrated management of soil fertility) and economic 
concerns (productivity and profitability). INRA (France) gives the following definition 
of integrated production: “the economical production of high-quality products, giving 
priority to environmentally safer methods, minimising the use and adverse effects of 
agrochemicals and seeking to improve environmental safety and human health”. Tillage 
is limited, and soil fertilisation (chemical soil improvers and fertilisers combined with 
organic fertilisers and soil improvers) is practised ‘as little as possible’ because a balance 

2 In France, the Ministry of Agriculture has even established it as an official standard.
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is sought between production per hectare and consumption of inputs (locally produced if 
possible), to achieve a degree of ‘sustainability’ of the agricultural system and maintain 
soil fertility in the long term. Moreover, with family farms that are of a more medium 
size (a few employees or seasonal workers) and with their own production of organic 
fertilisers, we begin to move closer to the ideal of sustainable agriculture.

The concept of ‘integrated production’ originates from the IOBC (International Organisation 
for Biological and Integrated Control of pests, 1977), in collaboration with the European and 
Mediterranean Plant Protection Organization and the OECD (Organisation for Economic 
Cooperation and Development), out of the necessity of extending to all production factors 
the principles of responsible use applied to plant protection treatments since 1965 
(‘integrated pest management’). 

The concept of ‘integrated pest management’ has been broadened over time to take into 
account interactions between the plant, its surrounding flora and fauna, pests and their 
antagonists, leading to the design of ‘production systems’ that optimise all of the relevant 
production factors for the development of cost-effective, sustainable agriculture that 
respects human health and the environment (integrated crop management).

Integrated Crop Management

Integrated Protection

Environmental 
parameters

Integrated 
Pest 
Management

The aim of the integrated production concept is the development of production systems 
based on the improved management of agricultural ecosystems in order to reduce 
pollution caused by agricultural activity.

1.4.2. Definition and objectives of integrated production

The definition, provided by the IOBC in 1993, highlights the importance of integrating 
environmental concerns into agricultural development strategies in recent years: 

“An agricultural system for the production of food and other high-quality products using 
natural resources and regulation mechanisms to replace treatments that harm the 
environment, ensuring viable agriculture over the long term”.

Integrated production has several objectives:

• to produce foodstuffs in sufficient quantity that offer guaranteed quality based on 
measurable or detectable criteria, for greater consumer satisfaction;

• to enhance, maintain or establish agricultural ecosystems that do not disrupt 
the environment and which facilitate the sustainable management of rural areas 
(layout of plots, crop rotation, etc.);
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respects human health and the environment (integrated crop management).

Integrated Crop Management

Integrated Protection

Environmental 
parameters

Integrated 
Pest 
Management

The aim of the integrated production concept is the development of production systems 
based on the improved management of agricultural ecosystems in order to reduce 
pollution caused by agricultural activity.

1.4.2. Definition and objectives of integrated production

The definition, provided by the IOBC in 1993, highlights the importance of integrating 
environmental concerns into agricultural development strategies in recent years: 

“An agricultural system for the production of food and other high-quality products using 
natural resources and regulation mechanisms to replace treatments that harm the 
environment, ensuring viable agriculture over the long term”.

Integrated production has several objectives:

• to produce foodstuffs in sufficient quantity that offer guaranteed quality based on 
measurable or detectable criteria, for greater consumer satisfaction;

• to enhance, maintain or establish agricultural ecosystems that do not disrupt 
the environment and which facilitate the sustainable management of rural areas 
(layout of plots, crop rotation, etc.);

• to strike a better balance in nutrient cycles by respecting natural resources and 
regulatory mechanisms;

• to ensure responsible plant health protection;

• to promote greater ecological diversity in production areas and to preserve wild 
fauna;

• to preserve soil fertility and the quality;

• to maintain producers’ income and a social fabric across all territories.

In practice, the implementation of integrated production requires the producer to follow 
a crop protocol where each intervention on the crop (planting, sowing, management, 
fertilisation, irrigation, plant protection, harvesting) is performed responsibly, taking into 
account local potential, the plant’s real needs, and consumer expectations. The aim is 
to optimise production factors as much as possible. It is in the area of fruit production 
that the concept of integrated production is the most developed in Europe.

1.4.3. Integrated production management tools

In integrated production, the crop protocol requires the producer to examine each 
intervention on the crop, taking into account climate, soil fertility and water resources, 
evaluating the needs of the plant based on the results of tests and various observations, 
and estimating their impact on the environment.

The management of integrated production therefore requires the development and 
mastery of tools that should help the producer to ground their decision-making:

• crop operations: properties of the different varieties, quality of seeds or root-
stock, effects of sowing densities, dates of weeding and ridging, pruning, effect 
of ploughing, etc., to optimise yields;

• fertilisation: to responsibly plan plants’ nutrition, soil testing supplemented by 
annual plant analyses, taking into account the recycling of nutrients (OM and 
fertiliser), controlling loss of nutrients through leaching, etc.;

• crop protection: observation of pests and beneficial organisms, measurement of 
intervention thresholds, population profile, varietal resistance, etc. 

• irrigation: climatic measures (measuring rainfall, ETP, measurement of the water 
available in the soil, micro-morphometric measurements of the plant to evaluate 
its water needs, etc.);

• starting the harvest: tests to evaluate the degree of maturity (degrees Brix, 
colorimetric test, firmness index, etc.);

• analysis of the ‘environment’: identify areas for protection, pollutant transfer 
routes, evaluate the effectiveness of protective strips, etc. 

1.4.4. The principal obligations for integrated production

In Europe, producers wishing to work within the integrated production framework are 

offered crop protocols set out in mandatory specifications (for example, integrated fruit 
tree production, or potato production).
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The main obligations cover: the choice of varieties (list of authorised varieties), the plot’s 
environment (presence of hedgerows, copses), the soil conditions (any disinfection must 
be justified), the condition of seeds or seedlings (seeds/seedlings must be certified or 
be of known origin), the soil (physical and chemical analysis of the soil is mandatory), 
the producer’s training, mandatory record-keeping of all interventions on the crop.

Before planting, a study of the soil and of the subsoil is mandatory (physical and chemical 
profile and analysis). During production, analysis of leaves and/or fruits is mandatory 
(once a year) to manage fertiliser adjustments. To maintain ecological diversity, limit soil 
erosion and prevent soil compaction, maintenance of the soil is subject to the following 
requirements:

• grassing between rows is recommended;

• whole soil ploughing is only tolerated if specific problems arise;

• total and permanent weeding is prohibited;

• the width of the soil strip in the row, whether ploughed or weeded, must be clearly 
defined and justified at local level;

• herbicides that pose a risk of groundwater pollution are not recommended.

Irrigation must be managed according to the needs of the plants and water available 
in or near the soil, without compromising other production practices or uses. 

Integrated protection forms the basis for responsible plant health protection. Intervention 
cannot be merely systematic. The field environment must be managed in such a way 
as to promote the development of beneficial fauna. Frameworks specifying essential 
observations and intervention thresholds must be established per species. Record-
keeping sheets for observations and treatments must be used to verify the technical 
justification for the treatments. The list of plant protection products used must reflect 
the intention to avoid pesticides:

• that are highly toxic (e.g. WHO classes 1a and 1b);

• hazardous for land and aquatic fauna;

• non-selective as regards beneficial fauna.

The harvest date must be determined using field tests, to comply with set quality 
standards. The harvesting equipment and packing rooms must fully comply with hygiene 
conditions.
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The main obligations cover: the choice of varieties (list of authorised varieties), the plot’s 
environment (presence of hedgerows, copses), the soil conditions (any disinfection must 
be justified), the condition of seeds or seedlings (seeds/seedlings must be certified or 
be of known origin), the soil (physical and chemical analysis of the soil is mandatory), 
the producer’s training, mandatory record-keeping of all interventions on the crop.

Before planting, a study of the soil and of the subsoil is mandatory (physical and chemical 
profile and analysis). During production, analysis of leaves and/or fruits is mandatory 
(once a year) to manage fertiliser adjustments. To maintain ecological diversity, limit soil 
erosion and prevent soil compaction, maintenance of the soil is subject to the following 
requirements:

• grassing between rows is recommended;

• whole soil ploughing is only tolerated if specific problems arise;

• total and permanent weeding is prohibited;

• the width of the soil strip in the row, whether ploughed or weeded, must be clearly 
defined and justified at local level;

• herbicides that pose a risk of groundwater pollution are not recommended.

Irrigation must be managed according to the needs of the plants and water available 
in or near the soil, without compromising other production practices or uses. 

Integrated protection forms the basis for responsible plant health protection. Intervention 
cannot be merely systematic. The field environment must be managed in such a way 
as to promote the development of beneficial fauna. Frameworks specifying essential 
observations and intervention thresholds must be established per species. Record-
keeping sheets for observations and treatments must be used to verify the technical 
justification for the treatments. The list of plant protection products used must reflect 
the intention to avoid pesticides:

• that are highly toxic (e.g. WHO classes 1a and 1b);

• hazardous for land and aquatic fauna;

• non-selective as regards beneficial fauna.

The harvest date must be determined using field tests, to comply with set quality 
standards. The harvesting equipment and packing rooms must fully comply with hygiene 
conditions.

Figure 2 – Schematic representation of the elements to be integrated

1.5. So-called ‘organic farming’ production

1.5.1. Definitions

Organic farming3 emerged in the 1920s, and differed from other modes of agricultural 
production by rejecting the use of synthetic chemicals created by processing chemicals 
(and in some cases respecting ethical principles, such as seeking a more equitable 
socio-economic system4). 

Organic farming can be defined as follows: “Organic production is a whole farm 
management and food production system that combines best environmental practices, 
a high level of biodiversity, the preservation of natural resources, the application of high 
animal welfare standards and a production method in line with the preference of certain 
consumers for products produced using natural substances and processes”. 

3 See also the COLEACP Handbook on organic farming.
4 Requirements that do not appear in European regulations on organic farming.
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The IFOAM (International Federation of Organic Agricultural Movements) has proposed 
a consensus definition of organic farming that clearly shows that organic systems are 
founded on environmental and social sustainability and encompass ecological sciences, 
natural cycles and people (www.ifoam.org):

“Organic Agriculture is a production system that sustains the health of soils, ecosystems 
and people. It relies on ecological processes, biodiversity and cycles adapted to local 
conditions, rather than the use of inputs with adverse effects. Organic Agriculture 
combines tradition, innovation and science to benefit the shared environment and 
promote fair relationships and a good quality of life for all involved”.

Organic agriculture is now considered ‘the theoretical basis’ of sustainable agriculture. 
It greatly limits the impact of agricultural production on the environment, for example 
by protecting soil and water resources. 

1.5.2. Principles of organic agriculture

Organic agriculture is based on 4 main principles:

1. The principle of health: Organic agriculture must conserve and promote the health 
of the soil, the plants, animals and human beings and of the planet as an indivisible 
unit. This principle emphasises that the health of people and of communities is 
inseparable from the health of ecosystems: a healthy soil produces a healthy crop 
that is beneficial to the health of animals and people. Health encompasses all living 
systems in their entirety. The role of organic agriculture, whether in production, in 
processing, in distribution or consumption, is to support and improve the health 
of ecosystems and organisms, from the smallest soil organism all the way up to 
human beings. In particular, organic agriculture is intended to produce high-quality 
food that is nutritious and contributes to disease prevention and to well-being. 
The use of fertilisers, pesticides, veterinary products and food additives that may 
have harmful effects on health must therefore be avoided.

2. The principle of ecology: Organic agriculture must be based on living ecological 
systems and cycles, be in harmony with them, imitate them and help to maintain 
them. Crop systems, pastoral systems and organic wild crops must be adapted to 
the ecological balances and cycles of nature. These cycles are universal, but how 
they manifest themselves is specific to each site. Organic management must be 
adapted to local conditions, ecology and culture. Inputs must be reduced through 
reuse, recycling and efficient and effective management of materials and energy, 
to maintain and improve environmental quality and conserve resources. Organic 
agriculture must consider the ecological balance in the design of crop systems, the 
establishment of habitats and maintenance of genetic and agricultural diversity. 
Those who produce, process, sell or consume organic products must protect and 
act in the interests of the shared environment, including the landscape, climate, 
habitat, biodiversity, air and water.

3. The principle of equity: Organic agriculture must be built on relationships that 
guarantee equity in relation to the shared environment and to life chances. Equity 
is reflected in integrity, mutual respect, justice and sound management of a shared 
world, between individuals and in their relationships with other living beings. 
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This principle emphasises that those who are involved in organic agriculture 
must maintain and cultivate human relationships in a way that ensures equity 
at all levels and for all stakeholders: producers, agricultural workers, packers, 
processors, retailers, traders and consumers. Organic agriculture must provide 
each person involved with a good quality of life, and contribute to food sovereignty 
and poverty reduction. It aims to produce sufficient food and other high-quality 
products.  This principle stresses the fact that animals should be raised in living 
conditions suited to their physiology, their natural behaviour and their well-
being. The natural and environmental resources that are used for production 
and consumption must be managed in a socially and ecologically just way, and 
with due consideration for future generations. Equity requires that production, 
distribution and trading systems are open, equitable and take into account real 
environmental and social costs.

4. The precautionary principle: Organic agriculture must be conducted in a prudent 
and responsible way, to protect the health and well-being of current and future 
generations and the environment. Organic agriculture is a living and dynamic 
system that responds to internal and external demands and conditions. People 
involved in organic agriculture can improve efficiency and increase productivity, but 
this should not be at the expense of health and well-being. This is why it is necessary 
to evaluate new technologies and to review existing methods. Given the gaps in 
the understanding of ecosystems and agriculture, caution should be exercised. 
Based on this principle, precaution and responsibility are important criteria 
for management, development and technology choices in organic agriculture. 
Science is necessary to ensuring that organic agriculture is healthy, safe and 
ecological. However, scientific knowledge alone is not enough. Practical experience, 
accumulated wisdom and traditional and indigenous know-how offer valid and 
time-honoured solutions. Organic agriculture must avoid major risks by adopting 
suitable technologies and rejecting those that are unpredictable, such as genetic 
engineering. Decisions must reflect the values and the needs of those who might 
be affected, through transparent and participatory processes.

The FAO’s Codex Alimentarius also proposes several principles for organic agriculture:

“Organic agriculture is based on the following principles: use as few inputs as possible, 
and avoid the use of synthetic fertilisers and pesticides. Organic farming practices cannot 
guarantee that products are completely free of residues, due to general environmental 
pollution. However, the methods used aim to minimise pollution of air, soil and water. Organic 
food intermediaries, processors and retailers comply with standards to maintain the integrity 
of organic products. The main objective of organic agriculture is to optimise the health and 
productivity of interdependent entities such as soil life, plants, animals and humans”.

“Organic agriculture is an holistic production management system which promotes 
and enhances agro-ecosystem health, including biodiversity, biological cycles, and soil 
biological activity. It emphasizes the use of management practices in preference to 
the use of off-farm inputs, taking into account that regional conditions require locally 
adapted systems. This is accomplished by using, where possible, agronomic, biological 
and mechanical methods, as opposed to using synthetic materials, to fulfil any specific 
function within the system”.
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Another feature of organic farming is the benefit of a strict official identifying sign on 
organic products, guaranteeing a quality associated with compliance with the specifications 
certifying the agricultural practices and products.

Figure 3 – Labels on organically farmed products

Organic farmers are both custodians and users of biodiversity at all levels: 

• at genetic level: endemic breeds and seeds adapted to local conditions are 
preferred, due to their greater resistance to disease and their resilience to climatic 
disruptions; 

• at species level: various combinations of plants and animals optimise the nutrient 
and energy cycle for the benefit of agricultural production. 

• at ecosystem level: the maintenance of natural areas in and around organic fields, 
and the absence of chemical inputs create habitats that support wildlife. The use 
of organic methods for pest control preserves species diversity and prevents the 
emergence of pests resistant to chemical plant protection products.

1.5.3. What does it take to be a good organic farmer? 

Each crop and each operating system certainly has its own particularities in terms of 
organic farming methods, but there are nevertheless certain common characteristics 
between organic farming systems that can act as benchmarks. In organic agriculture, 
the following criteria are observed:

• Maintaining and enhancing soil fertility in the long term.

• Strengthening organic cycles on farms, and more specifically nutrient cycles.

• Nitrogen supply through the intensive use of nitrogen-fixing plants.

• Biological protection of plants, based on prevention rather than on curative 
treatment.

• Diversification of crop varieties

• Use of animal species adapted to local conditions.

• Banning synthetic chemicals, such as fertilisers or plant protection products, 
hormones and growth regulators: organic fertilisers include all sources of nutrients 
of plant or animal origin. Sadly, these nutrient sources are often an underestimated 
resource. Organic fertilisers are very different from chemical or mineral fertilisers. 
The fundamental difference lies in the fact that they contain organic matter. Given 
the organic matter they contain, organic fertilisers are a slow source of nutrients and 
provide several nutrients at once. But above all, they improve the quality of the soil.
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• Banning genetic engineering and its outputs.

• Banning the use of synthetic or harmful methods, of ingredients and additives in 
the processing of products.

Organic agriculture uses the resources available locally to optimise competition for 
food and space between different species of plants and animals. The organisation of the 
spatial and temporal distribution of biodiversity represents the main ‘input’ for organic 
farmers. By refraining from using mineral fertilisers, synthetic pesticides, pharmaceutical 
products and genetically modified breeds and seeds, biodiversity is promoted in order 
to conserve soil fertility and prevent the spread of pests and diseases.

There are several guides and handbooks (including the COLEACP handbook) designed 
to help with setting up an organic farm. The IFOAM has published a series of training 
manuals that comprehensively cover organic production in tropical countries. Practical 
guides on the production of specific crops are available free of charge on the IFOAM 
training platform.

Example: Organic agriculture in Senegal        

Senegal has placed the promotion of the agricultural sector and private investment 
at the centre of its socio-economic development strategy. Currently, the institutional 
basis for agriculture at local level relies mainly on non-governmental organisations, 
farmers’ associations and other associations with a professional focus. On the whole, 
the context is favourable for the development of organic agriculture. The most widely 
used farming systems are rainfed cropping systems (62.4% of arable land during 
1990-95), which use fewer and fewer fertilisers, pesticides and selected seeds.

A regulatory process for organic agriculture was initiated in 2000. Aware of this 
situation, organisations such as ASPAB, ENDA PRONAT, AGRINAT, AGRECOL Africa, 
RODALE and their partners have expressed their desire to work together in developing 
organic agriculture in order to jointly set up, in Senegal, a programme to establish an 
organisation for the accreditation, certification and marketing of organic products.

Generally speaking, fields are distributed in areas within villages, or between villages, 
depending on speculation. For example, rice in lowlands, sorghum in clay soils, 
millet in sandy soils and pastures in fallow land. The spatial management of all these 
entities, in a way that is interactive and respects the synergy of the ecosystems is, for 
Senegalese farmers, agro-ecological agriculture.

Agro-ecological methods make it possible to combine several natural and social 
factors to guarantee sufficiently high quality, and above all sustainable, production. 
Proficiency in these methods requires the establishment of a training system boosted 
by extension specific to the realities of the country. In all comparisons of economic 
profitability between systems of agricultural production, and in terms of the farmer’s 
real profit, organic agriculture has the advantage.

A comparison of the farming of green beans in Niayes showed that up to 5 harvests were 
possible for one season, while conventional agriculture rarely exceeded 2 harvests. The 
net results for the farm are much more significant in organic agriculture. In Senegal, 
organic production could have a bright future if it focuses on crop diversification and 
food security.
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Beyond national consumption, Senegalese organic agriculture offers plentiful benefits 
for cotton cultivation and horticultural crops. The experience of the organic cotton 
programme implemented in the Tambacounda region is certainly promising. In addition, 
the prices offered for the export of organic cotton are encouraging.

For horticultural crops, Senegal enjoys a favourable climate for export crops, such as 
green beans, strawberries and others, at a time when these products are scarce on 
the European market. There is also an emerging production sector for organic fruits 
for export, particularly mango and lime. 

Source: http://www.fao.org/3/a-x6915f/x6915f03.htm

1.6. So-called ‘conservation agriculture’ production
1.6.1. Definition

Conservation agriculture is sometimes called ‘ecologically intensive agriculture’. The 
goal of conservation agriculture is to restore the soil’s role as the mainstay of plant 
production. Rather than an inert medium, soil is viewed as a living environment (definition 
from the APAD – Association pour une agriculture durable – Web site). According to the 
definition given by the FAO, “it aims to achieve sustainable and profitable agriculture 
and subsequently aims at improved the livelihoods of farmers through the application 
of the three CA principles to the plot: (1) minimal soil disturbance; (2) crop rotations 
and combinations; (3) permanent soil cover”. It offers great potential for all types of 
farms and agro-ecological environments. It is of great value for small farms whose 
limited means of production do not enable them to eliminate significant time and labour 
constraints. It is a mode of production that tends to reconcile agricultural production 
with improving living conditions and environmental protection. It has been successfully 
implemented by different production systems and in a variety of agro-ecological areas. 
“It is perceived by practitioners as a valid tool for sustainable land management” (FAO).

It is estimated that 100 million hectares of land are farmed using conservation agriculture 
worldwide. In Africa, at less than 4% of the total farming area, the total number of 
conservation agriculture areas is still very low compared to areas cultivated using 
conventional ploughing methods. 

In West Africa, this agriculture has emerged as a path towards the ecological intensification 
of production systems, provided research produces more examples of its effects at 
individual farm level. Conservation agriculture is a resource-efficient crop production 
practice based on principles that improve organic processes on and below the soil. 
These guiding principles require minimal, or even no mechanical disruption to the soil, 
keeping the soil permanently covered, either through a developing crop or a dead mulch 
of crop residues; and alternating with a wide range of crops. In addition, farmers use 
traditional crop varieties without herbicides, or varieties resistant to herbicides. Crop 
rotation is also a method used to control pests.

Conservation agriculture is a method for managing agro-ecosystems aimed at sustained 
improvement in productivity, increased profits and food security, while preserving and 
improving resources and the environment. It is defined by specific cropping operations 
whose purpose is to promote or restore biological activity in the soil, aimed at multiple 
benefits for plant health, risk reduction, and saving on cultivation and input interventions. 

http://www.fao.org/3/a-x6915f/x6915f03.htm
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1.6.2. Principles of conservation agriculture

Conservation agriculture is characterised by three related principles, namely:

• Minimal tillage (even to the point of the total absence of tillage, in the case of direct 
sowing systems): The ‘ideal’ sought is the elimination of tillage, but simplified, 
superficial or reduced tillage is often practised by farmers, particularly during 
transition phases between two crops. Systematic ploughing can then be replaced 
by different practices: occasional ploughing (deadlock on certain plots or before 
certain crops to position ploughing before crops that are more demanding in terms 
of soil porosity or fineness of the seedbed); pseudo-ploughing (ploughing replaced 
by deep tillage, but without turning over the soil: decompaction or subsoiling); 
surface tillage with disk or fork tools (stubble ploughing or strip-tillage, for 
example); direct sowing, or direct sowing under plant cover in the absence of any 
tillage (the soil is only disrupted on the sowing line). These different practices 
can follow on from one another, with the ultimate aim of the total elimination of 
tillage, or even co-existence within a single farm, depending on the plots and crops.

• Permanent soil cover through living or dead plant mulch (straw): Soils are 
permanently covered, either by previous crop residues (called mulch, Figures 4 
and 5) that are not removed but returned, or by cover plants planted in between 
crops, to protect the soil surface, maintain humidity, compete with weeds, etc. 
These cover crops are rarely commercial plants, but they can nevertheless play 
an important role in how the system operates (recycling of water and nitrogen, 
improving soil structure, production of biomass, etc.). In semi-arid contexts, 
where biomass production is limited and livestock activities predominate, there 
may be competition between reinstating residues covering the soil and the use 
of residues such as fodder resources for herds.

• Diversification of cultivated species, in combination and/or in rotation.  The 
elimination of tillage makes it essential to extend rotations in order to control weeds 
that are no longer destroyed by ploughing (no working in). The diversification of 
crops from one farming season to the next, and the extension of rotations, helps 
to make weed flora less specialised. In addition, the presence of crop residues 
on the soil surface is not very compatible with single-crop farming, since they 
encourage the transmission of fungal diseases (e.g. for wheat) or the development 
of certain pests (e.g. maize borers).
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Figure 4 - Example of mulch from sorghum crop residues in northern Benin 

Source: Agbangba, 2014

Figure 5 – Mulch on the soil (conservation agriculture in Madagascar)

Tillage is therefore abandoned or minimised, because it promotes soil deterioration 
through the loss of organic matter, loss of structural stability, biological depletion and 
increased erodibility of the cultivated soils. Permanent cover replaces certain functions of 
tillage (ensuring weed control) and aims to protect the soil from bad weather, stimulate 
the biological processes responsible for soil structuring, increases the soil’s organic 
and biological richness and, finally, optimises the availability of nutrients by increasing 
their flows and limiting leaks, making fertilisers more efficient. 

https://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjgs5alkN7UAhWHalAKHWK4Cy0QjRwIBw&url=https://vertigo.revues.org/9290?lang=en&psig=AFQjCNEAGTE3y8YSHeZ1r15xOhT_n-u8sA&ust=
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Figure 6 – Fundamental principles of conservation agriculture

The way in which the three principles are combined at plot level can vary according 
to the characteristics of the agroecological environment, and the farmer’s means and 
objectives. Since there are no universal solutions, conservation agriculture aims to 
enhance the diversity of agro-ecosystems, and to offer solutions that can be adopted 
in local situations. 

1.6.3. Value of conservation agriculture

The basic principles of conservation agriculture can be applied universally to all 
agricultural landscapes, and to land use using locally adapted methods. Conservation 
agriculture improves biodiversity and natural biological processes on and beneath 
the soil surface. Interventions on the soil such as mechanical tillage are minimised or 
even avoided, and base inputs, such as agrochemicals and plant nutrients of mineral or 
organic origin, are applied in the best possible way and in quantities that do not interfere 
with or destroy biological processes.

Conservation agriculture facilitates good agronomy through targeted interventions 
over time, as well as improving general land use for rainfed and irrigated production. 
Complemented by good practices, such as the use of high-quality seeds, integrated 
management of pests and of soil fertility, weeds and water, etc., conservation agriculture 
offers a foundation for the sustainable intensification of agricultural production. It offers 
increasing options for production integration, such as the integration of plants and 
livestock and that of trees and pastures into agricultural landscapes.
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Tillage can result, in the short term, in an improvement in soil fertility, but in the medium 
term it leads to degradation. The degradation of soil structure, losses of organic matter, 
erosion and loss of biodiversity also occur. In the past, ploughing was considered a 
guarantee of improving soil fertility, through the mineralisation of soil nutrients that it 
encourages.  But in the long term, intense and repetitive ploughing leads to a decrease in 
organic matter levels, which play a fundamental role in plant nutrition and the stabilisation 
of soil structure. Soils regularly subjected to intensive agricultural practices degrade 
more easily. With conservation agriculture, traditional ploughing using ploughs is 
replaced by ‘biological ploughing’ carried out by soil fauna (worms, bugs, etc.). As we 
have stated above, mechanical tillage disrupts this biological activity, reducing structural 
stability. The soil is more exposed to surface sealing and compaction. Certain operations, 
such as ploughing with rotating discs, have more devastating effects than others (e.g. 
chiselling). The multiple ploughing operations carried out in order to loosen the soil 
facilitate aeration and increase oxygenation: this is followed by rapid mineralisation of 
the organic matter. Although this mineralisation is necessary to improve soil fertility, the 
release and lixiviation of elements is often significant. Ultimately, the level of organic 
matter, whose role is fundamental to the soil’s biological activity, decreases.

Practices grouped under the generic term of conservation agriculture go beyond simply 
reducing mechanical ploughing. When a soil is not worked for several years in a row, 
crop residues build up and form a mulch layer. 

A variety of living organisms, from large insects to microscopic fungi and bacteria 
find, in this layer, a habitat and ideal conditions for their development. Through their 
activities, these organisms convert, incorporate and mix the mulch into the soil, then 
break down the resulting mass to form the humus, whose role is key to stabilising 
the soil structure. The soil’s organic matter also acts as a buffer solution for water 
and nutrients. The soil’s macrofauna elements, such as earthworms and bugs, help to 
structure the soil by producing aggregates and macropores that connect the surface 
layers to the deeper horizons. Water infiltration is facilitated, thus limiting run-off and 
risks of flooding during showers.

Agriculture without ploughing, or with minimal soil tillage, is only possible if the living 
organisms, through their activities, carry out this ploughing work. The implementation 
of conservation agriculture therefore requires changes to how green cover and crop pests 
are managed (integrated pest control). Crop rotations are an important element of this 
new strategy for breaking the cycle of pathologies, while promoting interactions between 
the physical and chemical properties of different plant species cultivated alternately or 
combined on the same plot. 

Mineral pesticides and fertilisers must be used in a reduced and responsible manner, 
to avoid affecting biological activity in the soil. The use of agrochemicals, and more 
specifically herbicides, is common during the early years, with weed infestations 
sometimes being considerable at this stage. But after the transition period, which ends, 
on the one hand, with a balance between the agrosystem’s organisms, pests and useful 
organisms, the plant and weeds and, on the other hand, better technical mastery of crop 
rotations and combinations by the producer, the use of pesticides and mineral fertilisers 
reduces and drops below the level observed in conventional agriculture.

Conservation agriculture is often referred to as a ‘win-win’ situation, as it offer several 
advantages for the agricultural holding, the community and the entire planet:  

It contributes to the sustainability of production systems, not only by conserving, but 
also by contributing to the development of natural resources and by increasing the 
soil’s fauna and flora diversity, without affecting yield or production levels. 

It enables the fixing of carbon in the organic matter built up in the soil from the crop 
residues and from cover crops. The global carbon capture potential through conservation 
agriculture could be equivalent to the increase in carbon dioxide in the atmosphere due 
to human activities. Practised on a large scale, CA could make a significant contribution 
to controlling air pollution in general, and to global warming in particular. 

Compared with conventional agriculture, farmers who use systems based on the absence 
of ploughing can achieve savings of 30-40% in terms of working time, labour, and fossil 
energy (in the case of mechanised systems). 

It facilitates the infiltration of water, significantly reducing run-off and erosion. Lixiviation 
of the soil’s nutrients or of chemicals in the groundwater reservoir is limited. These 
layers are recharged more easily through better infiltration of water. In several parts of 
the world, it has been noted that after several years of practising CA, natural sources 
that had dried up have begun to flow again, the flow of water becoming more constant 
in rivers. 

It achieves (in a sustainable way) production levels comparable with those of modern 
intensive farming. Yields increase steadily and, above all, fluctuations tend to decrease 
(due to the system’s resilience).

It reduces production costs, working time and labour, making it easier to manage peaks 
in work during field preparation and crop maintenance work. In mechanised systems 
more specifically, the cost of investments in and maintenance of equipment is reduced 
in the long term. 

Case study in Zambia

Conservation agriculture has been introduced in Zambia over the past ten years. 
According to Zambia’s Government, at least 180,000 small-scale farmers apply its 
principles, which seek to minimise soil disruption, maintain permanent soil cover and 
promote crop rotation. In addition, farmers use low-cost instruments and traditional 
crops varieties without herbicides or varieties resistant to herbicides.

Sold fervently as a solution to food insecurity, and a mechanism for adapting to climate 
change in Africa, conservation agriculture (CA) is currently giving farmers, such as 
Sinoya Phiri in Zambia, a reason to smile in their fields and to laugh all the way to the 
bank.

Phiri, who owns a small farm in the district of Kafue, a large maize growing area 
in Zambia, says: ‘There is a difference in yields; the corn cobs in the conservation 
agriculture field are larger than corn cobs in the field I sowed using a tractor.  I have 
a lot of crops. I no longer buy cornflour’ .

For Phiri, this practice has given him a good income, due to better yields. Beyond the 
fact that he is supporting a family of 10, including his mother, his aunt, brothers and 
sisters, he has even installed a satellite dish and bought a generator.  

Source: http://ipsinternational.org/fr/_note.asp?idnews=5420
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It contributes to the sustainability of production systems, not only by conserving, but 
also by contributing to the development of natural resources and by increasing the 
soil’s fauna and flora diversity, without affecting yield or production levels. 

It enables the fixing of carbon in the organic matter built up in the soil from the crop 
residues and from cover crops. The global carbon capture potential through conservation 
agriculture could be equivalent to the increase in carbon dioxide in the atmosphere due 
to human activities. Practised on a large scale, CA could make a significant contribution 
to controlling air pollution in general, and to global warming in particular. 

Compared with conventional agriculture, farmers who use systems based on the absence 
of ploughing can achieve savings of 30-40% in terms of working time, labour, and fossil 
energy (in the case of mechanised systems). 

It facilitates the infiltration of water, significantly reducing run-off and erosion. Lixiviation 
of the soil’s nutrients or of chemicals in the groundwater reservoir is limited. These 
layers are recharged more easily through better infiltration of water. In several parts of 
the world, it has been noted that after several years of practising CA, natural sources 
that had dried up have begun to flow again, the flow of water becoming more constant 
in rivers. 

It achieves (in a sustainable way) production levels comparable with those of modern 
intensive farming. Yields increase steadily and, above all, fluctuations tend to decrease 
(due to the system’s resilience).

It reduces production costs, working time and labour, making it easier to manage peaks 
in work during field preparation and crop maintenance work. In mechanised systems 
more specifically, the cost of investments in and maintenance of equipment is reduced 
in the long term. 

Case study in Zambia

Conservation agriculture has been introduced in Zambia over the past ten years. 
According to Zambia’s Government, at least 180,000 small-scale farmers apply its 
principles, which seek to minimise soil disruption, maintain permanent soil cover and 
promote crop rotation. In addition, farmers use low-cost instruments and traditional 
crops varieties without herbicides or varieties resistant to herbicides.

Sold fervently as a solution to food insecurity, and a mechanism for adapting to climate 
change in Africa, conservation agriculture (CA) is currently giving farmers, such as 
Sinoya Phiri in Zambia, a reason to smile in their fields and to laugh all the way to the 
bank.

Phiri, who owns a small farm in the district of Kafue, a large maize growing area 
in Zambia, says: ‘There is a difference in yields; the corn cobs in the conservation 
agriculture field are larger than corn cobs in the field I sowed using a tractor.  I have 
a lot of crops. I no longer buy cornflour’ .

For Phiri, this practice has given him a good income, due to better yields. Beyond the 
fact that he is supporting a family of 10, including his mother, his aunt, brothers and 
sisters, he has even installed a satellite dish and bought a generator.  

Source: http://ipsinternational.org/fr/_note.asp?idnews=5420
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1.7. So-called ‘permaculture’ production
1.7.1. What is permaculture?

By the admission of those who practice it, it is almost impossible to give a definition 
of this mode of production that suits everyone. It can be agreed that it is “a systemic 
and holistic method that aims to design systems (e.g. human settlements and farming 
systems, but this can be applied to any system), inspired by natural ecology (biomimicry) 
and tradition”. Or “permaculture is the development of agricultural ecosystems intended 
to be sustainable and self-sufficient”. It aims for sustainable, highly energy-efficient 
agricultural production (as much in terms of fuel as manual and mechanical work) that 
is respectful of living beings and their mutual relationships. Nature is given as much 
space as possible. Its three mainstays are: caring for people, caring for the land, and 
producing and sharing resources equitably. It is highly attentive to interactions between 
the seasons and the ecosystem, to ensure the latter is sustainable. Each element should 
not be taken and analysed individually, but rather as a whole. The aim of permaculture 
is smart farming without destroying the environment, and with minimal costs. 

The word permaculture was invented in the 1970s by the Australians Bill Mollison and 
David Holmgren. It is a contraction of permanent and culture, initially of permanent 
and agriculture. It is an ethic, a philosophy, a science and a method of design/layout/
planning/system (and ecosystem) organisation all at the same time, whose fundamental 
concern is efficiency, sustainability/regenerative capacity and resilience.

It represents a vision and a framework for pertinent use of the Earth, of the planet 
and social groups, which makes it possible to build an infinite list of realistic, creative 
solutions that can be adapted to any particular situation, always with the aim of creating 
societies in which there is plenty for each and every person; societies that are sustainable/
regenerative, ecological and happy. Its aim is to create, through a thoughtful and effective 
design, human societies that respect nature and people.

1.7.2. What are the ethics at the centre of permaculture?5

To provide a framework for reflection and action in line with its purpose, permaculture is 
based on specific ethics, broken down into three main principles:

1. Earth care Consider soil, forest and water. We are part of a wider system that is 
the Earth’s biosphere. All life forms have their own intrinsic value, and each attack 
on genetic diversity is a threat to us all. Our activities and living spaces must be in 
harmony with local ecosystems.

2. People care: Looking after ourselves, our families and our communities. Permaculture 
systems aim to meet the basic needs of humans in an environment that enables 
them to prosper. Cooperation and sharing are two core tenets of human relations.

3. Fair share: Limiting our consumption, reproducing wisely and redistributing surplus. 
We must take only what we need from the planet, with ecosystems where human are 
not present being just as valid. The establishment of permaculture systems should 
reduce our footprint, without this gain being cancelled out by greater consumption 
or a bigger population.

5 https://madeinearth.wordpress.com/2009/10/12/definition-de-la-permaculture/

https://madeinearth.wordpress.com/2009/10/12/definition-de-la-permaculture/
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Ethics enable us to “see things from someone else’s perspective, on a longer timescale 
and over a greater distance”. They give permaculture a philosophical, even spiritual, 
dimension for some.

1.7.3. Permaculture’s whole-systems thinking

What makes permaculture stand out from most other current scientific disciplines is 
its whole-systems thinking. Rather than study the components making up a system 
to understand this system, permaculture focuses on the connections between these 
components. We cannot understand the forest by studying trees, insects, bacteria, soil, 
etc., separately, but by observing the functional relationships between these components, 
which make the forest more than just a collection of trees, but a true self-regulating 
ecosystem.

Studying the characteristics (structures, interactions, models, etc.) of these systems 
through scientific disciplines such as ecology or ethnobiology provides general design 
principles, and helps to develop methods suited to local and current conditions (crops, 
climates, technologies, etc.).

1.7.4. Design in permaculture

Central to permaculture is its method of designing human systems that reflects its ethics and 
whole-systems thinking.

David Holmgren’s design elements: Plan, zones and sectors, organic matter cycle, 
activity nodes.

In permaculture, the conscious and intentional design of integrated systems involves 
placing each element of a system so that it is optimally connected to other components, 
that is, where its needs will be met and production utilised.

The aim of a design is to maximise connections between the components, thereby 
reducing pollution (which is production unused by the system) and saving energy (which 
is a need not provided by the system).

For reasons of efficiency, one component must fulfil several functions. For example, a 
pond can be used for fish farming, reflecting light, storing heat, for use in case of fire, etc. 
As a safety principle, important functions should be performed by several components 
(redundancy). For example, a solar heater can be combined with an auxiliary heater 
(wood heater).

A permaculture design takes into account and connects a large number of components:

• of the site: water, soil, landscape, climate and vegetation;

• of society: legal benefits, people, culture, trade and finance;

• of energy: technology, structures, sources, connections;

• abstract components: time, data, ethics.
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Figure 7 – Example of urban permaculture on an old railway track

1.7.5. Principles of permaculture

According to David Holmgren, the principles of permaculture are (Debard, 1986):6

1. Observe and interact;

2. Catch and store energy;

3. Obtain a yield, create wealth;

4. Apply self-regulation and accept feedback;

5. Use and value renewable resources and services; 

6. Produce no waste;

7. Design from patterns to details;

8. Integrate rather than segregate;

9. Use small and slow solutions; 

10. Use and value diversity;

11. Creatively use and respond to change.

1.7.6. Advantages and disadvantages of permaculture7

The advantages of permaculture include: 

• fertilisation of the soil by a green fertiliser (e.g. clover) and production taking 
place at the same time,

• maintaining or restoring diversity enabling better control of diseases and pests,

• crop and soil are in symbiosis and the soil remains covered to respect soil life,

• the soil is less affected by compaction, the earth remains softer and lighter,

• the soil is less prone to weather-related erosion,

• the horticulturalist or farmer has less work, because they intervene as little as 
possible

6  https://martouf.ch/2017/08/12-principes-de-permaculture/ 
7  http://lejardindetara.free.fr/Culture/Permaculure/Permaculture.html

https://martouf.ch/2017/08/12-principes-de-permaculture/
http://lejardindetara.free.fr/Culture/Permaculure/Permaculture.html
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The disadvantages of permaculture are:

• The implementation work is considerable. For example, there are crops that 
require lengthy and considerable observation of the ecosystems

• As the crops are mixed, harvests are not easy.

• How it is seen by others: a permaculture garden can give the impression of a 
poorly maintained garden, and those not familiar with the method may tend to 
criticise the ‘weeds’ scattered around your plot (a ‘melting pot’).

Figure 8 - The ‘melting pot’8

Example in Cameroon: permaculture is the African method used in the country’s 
only eco-village (IPS)

Joshua Konkankoh has a vision. For him, the solution to food insecurity lies in organic 
and sustainable agriculture. The Cameroonian former civil servant, who has made 
the switch to agriculture, is determined to make this vision a reality. He has set up 
‘Better World Cameroon’, an NGO that develops sustainable agricultural strategies 
that harness indigenous knowledge to prevent food crises and extreme poverty.

Better World Cameroon manages the Ndanifor Permaculture Eco-village in Bafut, in 
the northwest of the country, 300 kilometres from the capital, Yaoundé. It is the only 
eco-village in Cameroon. Eco-villages are places where human activities are designed 
to promote healthy, ecological and substantial development that can be sustained 
indefinitely.

The inhabitants of the eco-village fertilise their soils using organic methods that 
consist of planting and pruning nitrogen-fixing trees, such as the acacia, Leucaena 
leucocephala and calliandra varieties in combination cropping systems. As the trees 
mature, the farmers prune them intensively and use the leaves to make compost. The 
trees grow back and the cycle starts again.

8 http://www.monpotager.net/blog/index.php/2015/06/28/320-pourquoi-j-arrete-la-permaculture

http://www.monpotager.net/blog/index.php/2015/06/28/320-pourquoi-j-arrete-la-permaculture
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Mr Konkankoh says: “Here, we are training young people, farmers in permanent 
agriculture, or ‘permaculture’. I call it ‘permaculture the African way’, because we have 
adapted [the concept] to our old cultivation and environmental protection methods”.

And: “We discovered that permaculture was a solution for sustainability, particularly 
in Africa. So I had the feeling that we could... think globally, but act locally”.

Source: Permaculture, the African way in Cameroon's only eco-village
www.ipsnews.net/2015/08/permaculture-the- african-way-in-camerrons-only-eco-
village

1.8. So-called ‘agroforestry’ production

1.8.1. Agroforestry concept

This term refers to new or historic practices that combine trees, crops and/or animals 
on the same agricultural plot, on field edges or in the open field. The aim is for 
complementarity: trees carry water and minerals from the deep layers of the soil to 
make them available to surface crops. Trees restore organic matter through leaves 
that fall on the soil and decomposition of the roots. The creation of a microclimate 
on the plot also protects crops (and animals) from heat and water stresses. A tree can, 
for example, help to mitigate climate-related incidents. Trees help to diversify services 
and sources of income on the farm: agricultural production, timber, wood energy, fruits, 
fodder, litter, mulching, etc. 

Figure 9 – Agroforestry horticultural crops (Photo: B. Schiffers)

Trees have always been part of our planet’s agricultural landscape. For millennia, farmers 
have kept trees on their farms. Agroforestry is therefore a very ancient practice. In the 
Neolithic era, when humans cleared forests to convert them into fields and travelled to 
search for new plots, they already knew that trees that grew during fallow period, this 
rest phase for the soil, would make it possible to re-cultivated the land some years later. 
In the range areas in which the first nomadic pastoralists moved, animals consumed 
mainly browse, tree fodder. Agroforestry is still ubiquitous in tropical countries. The 
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most common cropping system in Africa involves keeping trees dispersed in plots and 
cultivating crops between trees. It is sometimes referred to as ‘agroforestry parkland’ 
or ‘evergreen agriculture’ and the trees found there have multiple uses: wood, food, 
medicine, fibre, fodder, resin, latex, tannin, etc. The leaves, wood, fruit are used, as well 
as the roots, branches, flowers, etc. 

Agroforestry is a resource management system that is ecological, dynamic and natural 
and which, by integrating trees into the landscape, enables sustainable and diversified 
production, providing the farmer with increased economic and environmental benefits 
(ecosystem services).

1.8.2. Representative criteria for agroforestry

Three key criteria that characterise agroforestry help to distinguish, in a specific way, 
what is and what is not agroforestry. To be considered ‘agroforestry’, the system or 
practice must meet each of the following three criteria (adapted from Gold et al., 2000); 
it must therefore be: 

1. Intentional: combinations of crops, trees or animals are intentionally designed, 
developed or managed as a whole unit and produce multiple products and benefits, 
rather than as elements that may be found in the same space but which are 
managed separately. 

2. Integrated: the components making up agroforestry practices are functionally 
and structurally combined into a single integrated system that meets the user’s 
needs; this refers as much to the integration of several elements into a single 
physical space as to the integration of production objectives with environmental 
objectives.

3. Interactive: agroforestry actively manipulates the biological and physical 
interactions between components of the system to harvest multiple products 
and, in parallel, to provide ecological and environmental benefits.

1.8.3. Agricultural advantages of agroforestry

In tropical regions, agroforestry is practised on a very wide range of land types. In the 
soils of the Sahel, the direct role of deep and dense rooting appears fundamental. 
The rooting system is an important feature, because of its role in recycling nutrients 
and water. The roots secure the earth and provide preferential pathways for the circuit 
of water and gases in the soils. They are a direct source of organic matter, distributed 
throughout the crop profile in deep horizons. The root is also a key player in the storage 
and mobilisation of the soils’ nutrients. The absorption of water and nutrients by the 
roots is determined by the surface of the root system. The density of the roots and 
their distribution in the soils over the season are therefore of obvious value for a better 
understanding of how nutrients are used by a crop. 
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Agroforestry has multiple objectives:

• Preventing nutrient loss: by cultivating woody species with other crops, the loss of 
nutrients such as nitrogen and phosphorus deficient in tropical soils is reduced. 
Trees and shrubs generally have highly developed root systems that absorb 
many nutrients lost to plants with superficial root systems. Nutrients are ‘stored’ 
in woody species. They no longer run the risk of being leached during periods 
where there are no other crops. 

• Providing protection from wind and water erosion: trees and shrubs form 
hedgerows that protect the crops and soil from wind and run-off from heavy rains 
on the soil surface. 

• Woody plants greatly modify the species and quantities of animals living in the 
soil in a way that generally favours fertility. Shade trees, in plantations, exert a 
specific indirect effect, limiting weeds due to shade, which results in reduced use 
of chemical herbicides that have a harmful effect on soil fauna. 

• The presence of trees alters the microclimate in a plot. In these plots, trees protect 
the soil from erosion, by improving fertility, provide shade for plants that cannot 
tolerate full sun, reduce the adverse effects of wind, and concentrate moisture. 

• Foliage and branches can provide organic mulch. 

• Trees are also a symbol of social status, and make it possible to visualise the 
boundaries of plots, to delineate property.

• 

Figure 10 – Example of an agroforestry plot: coffee trees growing under shade in Tanzania (Source: CIRAD).

The advantages of agroforestry are:

• Crops are better nourished: Monitoring the organic nitrogen of soils shows that 
agroforestry soils are richer than agricultural soils. Agroforestry can therefore help 
to curb the loss of organic matter from agricultural soils. The decomposition of 
tree leaves provides, on average, 25 units of nitrogen per hectare, per year (more 
so when the trees are older than early on in their lives), and the decomposition of 
fine roots around 5 units. The mineral nitrogen fertilisation of crops can therefore 

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiEkZeeld7UAhWCUlAKHUEtCCUQjRwIBw&url=http://theconversation.com/lagroforesterie-ou-lart-de-mettre-des-arbres-dans-les-champs-1-549
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be readjusted. On average, there are twice as many endomycorrhiza in agroforestry 
soils than in cultivated soils. The crops are therefore better nourished and more 
resistant to biotic and abiotic stresses.

• Increased crop yield: The yield of the crops increases in fields adjacent to 
windbreaks. These increases can be attributed to improved microclimates and 
moisture retention, reduced wind speed and, consequently, wind erosion and 
reduced crop damage.

• Soil conservation and improved soil quality: The windbreak can be effective in 
preventing and controlling wind-induced soil erosion. The planting of windbreaks on 
agricultural land aims to protect the crops and the soil, to improve the microclimate 
for crops that grow under the shelter of these windbreaks. The roots work the 
soil and improve water infiltration. They increase the soil’s biological activity. 
The tree can pump minerals from the soil’s deep layers and improve fertility for 
annual crops.

• Increased biodiversity: Since the agroforestry tree delimits the cultivated plot, intra-
plot agroforestry trees dilute food resources, habitats and circulation zones across 
the cultivated area. Accompanied by a grassed strip containing diverse species: 
poaceae (grasses), fabaceae (legumes), asteracae, etc., it offers a wide range of 
ecological niches. In the first years after plantation, as the tree is still young, it 
is this herbaceous stratum that will provide shelter and cover to the wildlife and 
beneficial fauna, and which will act as a corridor. Through its ‘edging effect’, the 
hedgerow offers a multitude of living conditions, from which the fauna can benefit 
according to its needs: shade, light, coolness, heat. It is a temporary or permanent 
preferred place for animals in fields, forests and grasslands.It offers more flowers 
and fruits than the forest. Numerous species use the linear areas (hedgerow, 
grassed strips, field edges, etc.) as a corridor for communication. Protected and 
channelled, the fauna and flora can then spread out over the whole patchwork of 
plots and benefit from different linked environments: woods, ponds, rivers, crops. 
In addition to their biodiversity, these linear zones promote equilibrium among 
animal and plant populations across the territory and guarantee the genetic 
cross-fertilisation essential to the species’ survival.
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• The hedgerows around the crops reduce the damage caused by animals to crops 
and trees.

• The crops may be less susceptible to disease when they are interspersed between 
trees.

• Agroforestry systems are visited more frequently than pure forest plantations. 
These visits provide an opportunity to detect and treat diseases and infestations 
while the trees are becoming established.

• Shrubby legumes, such as the Gliricidia sepium, increase soil nitrogen for 
associated crops.

• The benefits from agricultural crops can reduce or pay for the costs of establishing 
the trees. A ‘taungya’ (temporary association) provides agricultural income during 
part of the trees’ rotation. A permanent combination of trees with a perennial crop 
can produce agricultural yields during the full rotation of the trees.

• Agricultural management practices such as clearing and fertilisation can improve 
the site’s biological and physical conditions, leading to better tree survival and 
growth rates.

• Due to the wider spacing, the growth rate of an individual tree in an agroforestry 
system may be better than for trees in blocks of plantations. Although reforestation 
can produce more timber per unit of planted surface area, planting in agroforestry 
systems reduces the growing time until the timber is harvested.

It is important to note that not every advantage and disadvantage will be true for each 
situation, and there are even some that appear to contradict each other. All points in 
this list must be considered before making a decision, but some are not important in 
certain cases. It is preferable for the producer to make the decision in consultation with 
the extension worker, based on their knowledge of the specific conditions of the farm, 
and its objectives and priorities.

Agroforestry has, among other things, the potential to mitigate greenhouse gas emissions 
by slowing down the conversion of forests into agricultural land, and sequestering carbon 
on farms while taking advantage of financial incentives offered by carbon trading and 
the REDD+ initiative. REDD means ‘Reducing emissions from deforestation and forest 
degradation’ and the addition of the ‘+’ takes into account the increase in carbon stocks, 
for example through suitable silvicultural practices or plantations. Thus, the expansion of 
the natural regeneration of more than five million hectares of degraded drylands in Niger 
should help to mitigate climate change while increasing the income of rural populations.

1.8.4. Environmental advantages of agroforestry

• Improved use of natural resources: the total wood production and agricultural 
production of an agroforestry plot is greater than separated production obtained 
through an agriculture-forest cropping pattern on the same surface area. This 
effect results from the stimulation of complementarities between trees and crops 
on agroforestry plots. Spontaneous weeds found in young, full afforestation are 
then replaced by harvested or pasture crops: maintenance is less expensive and 
the environment’s resources are better utilised.
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• Management of cultivated areas: by replacing farm plots, agroforestry plots are a 
tool for managing cultivated areas: intensification in the use of the environment’s 
resources is accompanied by management of agricultural production.

• Creation of original, attractive, open landscapes favourable to recreational activities. 
Agroforestry plots offer truly innovative landscape potential, with strong symbols 
that promote farmers’ image in society. This will be particularly the case in sparsely 
wooded environments, for plots obtained by planting agricultural plots, and in 
heavily wooded environments for plots obtained by thinning existing afforestation.

• Protection of soils and water, particularly in sensitive zones (surface layers, 
hypodermic flows, erosion-sensitive areas).

• Combating the greenhouse effect: setting up effective systems for carbon 
sequestration.

Agroforestry is now gaining the attention of all those seeking solutions to climate 
change – and adapting to it – by altering rural land use. Trees are, in effect, ‘carbon 
sinks’: they absorb large quantities of atmospheric carbon dioxide (CO2), a greenhouse 
gas partly responsible for climate change. When leaves fall, they are broken down by 
micro-organisms and converted into organic matter (such as humus) rich in carbon. This 
carbon trapped in the soil means there is less CO2 in the atmosphere, which mitigates 
climate change. The soil’s organic matter also contributes to improving its properties, 
so that it can retain the water and nutrients the plants need better, which helps to adapt 
to climate change. Agroforestry has been categorised among the land use methods able 
to simultaneously enhance adaptation to climate change while mitigating its effects 
(IPCC Recommendation, 2014).

1.8.5. Disadvantages of agroforestry

• There are likely to be negative effects for crops due to competition with trees. The 
intensity of competition depends on the type of crops and how they are managed, 
the soil type and climate, the forest species and the status of development and 
management. For example, although it is possible to use pruning and thinning 
of trees to reduce their competitiveness, this intensive management system is 
not necessary or appropriate to all types of tree production.

• Due to competition for water, light and nutrients between trees and crops, the 
trees can have a slow growth phase and less chance of survival, particularly while 
becoming established. 

• Poor management can lead to erosion and depletion. This can occur if, for example, 
cassava is planted under trees and harvested several times without applying 
fertiliser to the fields. The same applies to plantations of annual crops under 
trees on steep slopes, which can lead to erosion.

• The market value of a timber product from agroforestry systems can be reduced 
by the conical and spread-out shape that tree trunks can develop when they are 
growing in full light conditions, rather than in planting blocks. It is therefore 
important to choose species such as Cordia alliodara, which self-prunes in full 
light conditions. Management and harvesting can damage the trees. The tree 
roots can be disturbed during the harvesting of dietary tubers, for example.
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• In medium or long-term combinations, forestry operations can cause harm to 
perennial crops, for example during lopping and clearing operations, and harvesting 
in cocoa plantations.

• very few allopathic interactions have been reported for trees with certain crops.

• If the trees and crops are susceptible to the same pathogenic microbes or diseases, 
the combination can be more harmful or unstable.

• The crops or trees may have allopathic interactions. Allopathic effects occur when 
one species releases a chemical that affects the growth or survival of another 
species, usually negatively. 

1.8.6. Miscellaneous agroforestry systems

Using a wide range of species with staggered phenological cycles provides an abundant and 
diverse source of food throughout the year, for pollinators and for beneficial organisms, and 
for all wildlife. There are several types of agroforestry systems that draw the maximum 
benefit from annual species and combined trees, and offer ideal biodiversity conditions.

 ■ First type: Agro-silvicultural system = Crops + Trees 

Shade trees
Trees present in perennial 
crop plantations, such as 
coffee or cocoa. These are 
trees for timber, trees with 
multiple uses and service 
trees.
Service trees are managed 
solely for the benefit of 
the crop, to fix nitrogen, 
modify light and produce 
mulch.

Corridor crops and living 
hedgerows. 
These methods include the 
use of trees and shrubs, as 
well as other components 
such as fodder crops, 
the arrangement of lines 
between the ‘corridors’ 
generally used for annual 
crops, the method used to 
improve the soil, through 
nitrogen fixing and the 
application of mulch and/
or to reduce erosion on 
slopes. 

Trees planted on the 
edges of fields, including 
living hedgerows, fences 
and windbreaks. 
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Taungya system
This method 
involves planting 
annual crops 
during the 
establishment 
phase of forest 
plantations, 
orchards or 
perennial crops 
such as coffee or 
cocoa.

Improved fallow 
This consists 
of planting, in 
combination with 
other subsistence 
crops, species of 
improving shrubs 
or trees that are 
generally rapid 
growth legumes. 

Isolated trees in 
agricultural fields. 
This category of 
trees includes 
natural regeneration 
and trees planted 
with a variety of 
uses, including 
timber, fruit, soil 
improvement, 
fodder, firewood and 
medicinal plants; 
with wide spacing (> 
10 m) in areas used 
primarily for annual 
crops.

 ■ Second type: Silvipastoral system = Trees + Animals

Pasture in secondary 
forests and forest 
plantations. 
This system is most 
common in young 
plantations (2-6 years’ 
old).

Pasture in fruit-tree 
plantations
Coconut tree, African palm 
or citrus fruit trees

Isolated trees in pastures. 
Those responsible for 
livestock may leave trees 
for timber, shade, fodder 
or fruits in pastures.
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Fodder trees. 
This category covers fodder 
banks, as well as any use 
of shrubs or trees, with 
or without herbaceous 
plants, to provide fodder for 
domestic animals such as 
cattle or chickens.

 ■ Third type: Agri-silvipastoral system = Crops + Trees + Animals

Patchwork garden. These areas are 
generally a complex mixture, with several 
layers of trees, shrubs, climbing plants, 
annual and perennial crops, combined with 
animals, particularly pigs and chickens, 
which produce a multitude of products for 
family use and for sale.

Pasture in agri-silvicultural systems 
Generally speaking, during the dry season, 
after harvest, the animals graze on crop 
residues and trees, which are often the 
only green vegetation available at that 
time.

1.9. Agro-ecology 
1.9.1. What is agro-ecology?

Agro-ecology is a term that refers to agricultural practices that connect agronomy 
with ecology. Agro-ecology is a way of designing production systems that rely on the 
functionalities offered by ecosystems. It amplifies them while seeking to reduce pressures 
on the environment (e.g. reducing greenhouse gas emissions, minimising the use of 
synthetic fertilisers and plant protection products, etc.) and to preserve natural resources 
(water, energy, mineral elements). 

It is about maximising the use of nature as a factor of production, maintaining its 
capacity for renewal. With the aim of a harmonious relationship between humans and 
nature, agro-ecology is a concept that links life ethics with agricultural practices based 
on these principles.

1.9.2. What are the principles of agro-ecology?

• Reduce dependency on chemical inputs that harm the environment, strengthen 
biological interactions and promote ecological processes and services.

• Chemical inputs are not only harmful to land, they are also expensive or rare, 
and therefore unaffordable for small-scale farmers, particularly the poorest in 
developing countries. Agro-ecology therefore encourages the use of more natural 
local inputs, to strengthen biological interactions. It promotes ecological processes 
and services, such as the use of green manure and crop rotation. Knowledge of 
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local biodiversity is used to control pests and diseases naturally and to reduce 
or even completely eliminate chemical pesticides.

• Maintaining high species diversity over time and from a spatial perspective, 
for example by using crop rotation, relay crops, intercropping, by incorporating 
multifunctional trees, agroforestry, combinations of crops and livestock.

• Promoting biological soil activity to maintain and increase soil fertility.

• Minimising soil erosion, as well as loss of moisture and nutrients, by increasing 
soil cover and reducing the importance of weed control.

1.10. Climate-smart agriculture 
1.10.1. What is climate-smart agriculture?

Climate-smart agriculture (CSA) is an approach designed to develop the technical 
conditions, policies and investments required to achieve sustainable agriculture that 
meets the challenges of food security in a climate change context. CSA should be seen 
as a continuous and iterative process to combine food security, agricultural development 
and climate change.

1.10.2. Principles of climate-smart agriculture

The Food and Agriculture Organization of the United Nations (FAO) defines climate-smart 
agriculture according to three main principles:

1. Sustainably increasing agricultural productivity and farmers’ incomes in order to 
achieve national food security and development objectives.

2. Building resilience and adapting food and farming systems to climate change.

3. Reducing greenhouse gas emissions and increasing carbon absorption. 

It is the combination of these three principles that marks climate-smart agriculture 
out from other approaches.

This agricultural strategy consists of: 

• identifying endogenous practices or options that integrate food security, 
development and climate change specific to each country; 

• giving priority to strengthening livelihoods, by improving access to services, 
knowledge, resources (including genetic resources), financial products and 
markets;

• seeking to identify opportunities to access climate finance and integrating these 
into traditional sources of agricultural investment funding; 

• seeking to create favourable conditions through better harmonisation of policies, 
financial investments and institutional arrangements;

• providing a framework for adaptation and for strengthening resilience to shocks, 
in particular those associated with climate change.

Several actions in the field demonstrate the promotion of climate-smart agriculture as 
a key alternative for addressing climate change. Thanks to the World Bank West Africa 
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Agricultural Productivity Programme (WAAPP) around six million farmers, persuaded 
by this ‘climate-smart’ approach, are now using 160 climate changeresistant varieties 
developed as part of the programme, an initiative that has boosted their productivity by 
at least 30%. 

The results in Asia are similar. In Vietnam, 33,000 rice farmers who have adopted the 
alternate spraying and drying method for rice have seen their production increase by 
up to 10%. This method has the advantage of reducing fertiliser, which also reduces 
emissions of methane and nitrous oxide from rice fields. The biennial Global Science 
Conference on Climate-Smart Agriculture brings together scientists, policymakers and 
other key stakeholders from all over the world to discuss how CSA can offer solutions to 
the increasingly significant problem of climate change and its impacts on food security. 
The conference has five main objectives: to promote emerging initiatives and knowledge 
in the field of CSA; to present experience and lessons learned from interactions between 
science and policy that stimulate the accelerated adoption of CSA; to stimulate and 
facilitate discussions and dialogue between CSA players for networking, and to provide 
opportunities for collaboration and alliances in the field of CSA. In Kenya and Tanzania, 
work with farmers in field schools has identified and developed resilient agricultural 
systems that are climate-smart and adapted to local conditions. In India, a project 
exploited the potential of women as agents of social change to promote climate-smart 
agricultural practices. In West Africa, researchers have developed climate-resistant 
subsistence crop varieties: rice (Mali), banana and plantain (Côte d’Ivoire) and maize 
(Benin), and facilitated access to more efficient water recovery systems.

Figure 11 - Smart greenhouse in the village of Xiazhong, China. 

Source:https://www.alternatives-economiques.fr/une-agriculture-climato-intelligente-oui-mais-comment

1.10.3. The Zai method 

This technique involves digging small, shallow pits to capture run-off, trap sands, silts 
and organic matter washed away by winds. The farmer deposits organic matter there and 
covers it with a thin layer of soil. The technique therefore makes it possible concentrate 
water enriched by nutrients and organic matter converted by termites attracted into 
these basins.

https://www.alternatives-economiques.fr/une-agriculture-climato-intelligente-oui-mais-comment
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Figure 12 – Examples of preparing basins for the Zai method (Source: CGIAR)

Zai is a traditional cultivation method from West Africa (Dogon people of Mali, Niger, 
Burkina Faso), now mainly practised by the population of northern Burkina Faso (Yatenga). 
It produces good results even when rainfall is late, and even when there is a shortage 
of rainfall. When rainfall is good, the harvests are very good.

This practice consists of preparing the soil very early in the dry season, from November 
to June, by digging manually using a ‘daba’ (short-handled hoe) every 70-100 cm, pits of 
20 to 40 cm diameter and 15-20cm depth. The earth removed is placed downstream to 
capture run-off. In practice, the larger the pits, the greater the spacing between them. 
It is, however, advisable to use the crop’s sowing density to create the Zai holes. These 
microbasins trap sands, silts and organic matter washed away by winds. The entire 
field is surrounded by a string of stones, or alternatively anti-erosion bunds, to control 
very heavy run-off on these encrusted soils. The Zai method requires 200 to 300 hours 
(depending on the soil type) of very hard work with a traditional hoe to prepare one 
hectare. After 3 years, the degraded soil becomes less compact and more permeable.

From the first rainfall, the farmer deposits organic matter (300 to 600g per hole, i.e. one 
to two handfuls of manure/compost per seed hole), which is then covered with a thin 
layer of earth (5 cm). Termites, attracted by organic matter, dig tunnels at the bottom of 
the pits which they turn into funnels. After the first rainfall, around two weeks after the 
introduction of organic matter, the family sows, through dibble seeding, around a dozen 
millet seeds into sandy and gravelly soils. The run-off water is engulfed and creates 
pockets of humidity deep down, sheltered from rapid evaporation. 

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDuo6s_NrUAhXDZlAKHU6BDI0QjRwIBw&url=http://www.zamtvnews.it/?p=942&psig=AFQjCNF8lNR8WVrTpL0bYB8UUelL42Iv5w&ust=1498547926
https://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDuo6s_NrUAhXDZlAKHU6BDI0QjRwIBw&url=https://ccafs.cgiar.org/blog/what-so-smart-about-climate-smart-agriculture&psig=AFQjCNF8
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Figure 13 – Preparation of the pits (Source: Solibam)

The Zai method enables: 

• locally concentrating run-off water and nutrients converted by termites; Increasing 
the roughness of the field surface slows run-off and the soil’s wind flush, capturing 
organic debris and fine particles at the bottom of the pits and protecting young 
seedlings.

• controlling run-off and erosion, to prevent fertilisers being carried away by water; 
The localised addition of fertilisers and the increase in water storage in the soil 
leads to better functioning of the plants’ root system. The water and mineral 
supply of the plants is consequently improved.

• restoring the macroporosity and deep rooting of the crops (deep tillage). Zai makes 
it possible to stabilise macropores by working in organic matter, lime or gypsum;

• revitalising the surface soil layer by adding 3 to 10 t/ha of manure or fermented 
compost;

• restoring a pH above 5 to remove aluminium, manganic toxicities, etc.;

• correcting soil deficiencies, or rather, providing the crops with the necessary 
mineral supplements for optimal biomass production;

• improving the soil’s biological activity, for example a recovery of micro-organisms’ 
activity: growth of seedlings that benefit from mineralisation of the compost 
added at the end of the dry season, tunnels dug into the soil by termites and 
regeneration of woody vegetation. Zai therefore creates biological conditions in 
the soil favourable to plant growth and development.

Mechanisation of the operation is possible with the Kassine, an animal-drawn toolbar, 
to facilitate tillage, put more land to Zai production and restore uncultivated soils. 
The tool works the soil during the long dry season; the Kassine can therefore be used 
by several farmers.

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjqg7iGm97UAhWGJVAKHcE_DiQQjRwIBw&url=http://www.solibam.fr/les-micro-projets/&psig=AFQjCNEPYRYrfzuMO-80qbXf7jOJ-2DKHQ&ust=
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Figure 14 – Representation of a kassine

It is necessary to perform cross passages of the tillage tine on dry soil by draft animal. 
The first passage is made in the direction of the slope: the spacing between passages 
corresponds to the spacing between dibble holes. The second is perpendicular to the 
slope and crosses the first. The spacings between passages correspond to the spacing 
between sowing rows. The spacing between holes varies according to the intended crop. 
For small millet that is tilled heavily, it can be 80 cm x 80 cm. For sorghum, which is 
tilled less than millet, it can be 70 cm x 70 cm. The Zai pit is found at the intersection 
of the two passes: the earth is excavated from the points of intersection and placed 
upstream of each pit.

First run                       Second run                Dibble hole

Slope 
direction

Spacing from 40 to 80 cm

Perpendicular to slope

Spacing from 70 to 
80 cm

Downstream crescent

Slope 
direction

Pits from 20 
to 40 cm 
diameter, 

from 15 to 20 
cm deep

Crossing 
intersection: 
dibble hole

Figure 15 – How far apart should the dibble holes be?

http://www.google.be/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj-mcuVod7UAhWPbVAKHan1CCUQjRwIBw&url=http://collectifburkina-dag.fr/agriculture.html&psig=AFQjCNGaS31gbCHXB8bVZjwnz653Cw35nw&a
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The Zai method is also used for horticultural crops 

Story of Elizabeth Wambui, a female farmer from Kenya who earns money from 
growing native vegetables using the Zai method (excerpt from an Africa Science 
News article).

For several years, it has been impossible for farmers from Kirinyaga county in Kenya 
to produce enough food. The region is heavily dependent on rice production. However, 
Elizabeth Wambui, aged 38, earns her living by growing traditional vegetables using 
techniques such as Zai pits and regular watering. She grows vegetables such as terere 
(amaranth), managu (African aubergine), kunde (cowpea), and sukuma wiki (a leafy 
green vegetable) on her half-acre plot. 

Before she ventured into vegetable farming, Elizabeth grew maize. However, she could 
not rely on maize crops, due to erratic weather patterns in the region. Elizabeth says 
that the returns from vegetable farming are better than those she used to get from 
maize. In addition, she can sell her product regularly at the market, which gives her 
a reliable source of income. She explains: “There is a ready market for vegetables. 

The cross passage of the tillage tine on dry soil gives the possibility of infiltrating 
more water than manual operation. The dry tillage tool during its passage generates 
fissures in the soil that go down beyond the tillage depth, which is also favourable 
to root development. The passage of the tine breaks up the soil continuously on a 
strip 20-30cm wide, while the manual Zai hole is localised on a point on the plot. The 
microrelief obtained in manual Zai, through excavation of earth deposited downstream 
of the hole, is not therefore continuous, as it is with mechanical Zai. This technique is 2 
to 3 times faster than manual operation, and its effects on the soil and crop production 
are considerable (on unproductive soils + 40% straw and +34% grain compared with 
manual Zai methods). It is also possible to add a mineral supplement, such as one 
containing natural phosphates, which improves biomass production.

Studies (Bayen et al.2011) on the productivity of sorghum in the Sahelian zone using 
the Zai method have shown that sorghum seed germination capacity varies significantly 
depending on the size of the pockets and the soil improvers. Zai + compost gives the best 
germination capacities. Compost improves the dibble holes’ water retention capacity and 
germination capacity increases in line with the increase in soil humidity. But beware: 
when the humidity is prolonged, it can cause certain grains to rot. 

Sorghum grain yields vary significantly depending on the soil improvers and size of the 
dibble holes. This can be explained by mineralisation of the compost introduced into 
the holes, which increases the availability of the nutrients needed for plant growth. The 
addition of compost in high doses induces, on all measurement dates, stem growth 
greater than low-dose compost developments and those without any compost added. 
This means that in addition to the improvement in the structure and water regime of the 
soil, the presence of nutrients is also an important factor for crop growth. 

The Zai pit alone can collect water, but does not have enough elements essential for 
sorghum’s proper development. The addition of organic matter to the pits leads to 
a revival of the soil’s biological activities: growth of the seedlings which benefit from 
mineralisation of the organic manure added, perforation of the crust by termites, and 
hence an improvement in soil structure.



65

CHAPTER 2

Whereas maize takes about eight months to mature, terere only takes six weeks and 
from there you keep on harvesting”.

However, Elizabeth’s journey to becoming a successful vegetable farmer has not 
exactly been easy. She began with a teaspoonful of amaranth seed, given to her by 
a local non-governmental organisation called Farm Input Promotions Africa. She 
explains: “When I opted for the seeds, I did not know I was opting for luck. Amaranth 
has now become my bank.Elizabeth uses organic manure from her livestock to grow 
her vegetables. She explains: “I save on costs of production. My customers normally 
buy in bulk, Hence, there is no wastage”. Elizabeth has also learned how to conserve 
water and reclaim eroded farm land using the Zai pit technique.

…

She explains: “I use this technique to reduce water losses when I irrigate my vegetable 
farm.” She advises vegetable farmers to have a water source close to their fields to 
ensure continuous production, even in dry season”.I use about 200 shillings [US$1.90] 
to buy diesel that I use in pumping the water from the canal to irrigate the vegetables. 
I water the vegetables once a week. [In addition], weeds compete with vegetables for 
water and nutrients, and could host pests. So it’s important to keep them to a minimum.”

To read the full article, go to: 

http://africasciencenews.org/picking-profits-from-indigenous-vegetables-in-
kirinyaga-county

This shows that the Zai technique can restore the production potential of a degraded 
soil. This restoration of degraded soils requires, first, improving the infiltration of water 
into the soil and, second, improving the availability of fertilising substances of organic 
origin (compost). The removal of moisture stress by breaking the impermeable soil 
crust promotes seed germination, but is not a sufficient condition for good growth and 
good production. This stress is removed with the addition of organic matter. 

To get the most from the Zai method, it is necessary to dig wider, deeper pockets and 
to have good quantities of good-quality compost. 

The Zai method homogenises the soil and should secure production due to its water 
management efficiency, by limiting the harmful effect of droughts on localised sectors 
of the field. Water management also has a positive effect on land heritage, by protecting 
it from erosion and, through better surface-water management, improves groundwater 
supply.

1.10.4. The half-moon cultivation technique 

This technique is, first and foremost, a method that aims to collect run-off water required 
for crop growth in arid and semi-arid zones and for the rehabilitation of degraded 
soils. However, thanks to localising fertilisation in these half-moons, it is similar to the 
principles of the ‘Zai’ technique and it has been shown that it can locally improve the 
fertility of the soils cultivated in these half-moons.

http://africasciencenews.org/picking-profits-from-indigenous-vegetables-in-kirinyaga-county
http://africasciencenews.org/picking-profits-from-indigenous-vegetables-in-kirinyaga-county
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Figure 16 – Example of a half-moon cultivation area in Burkina Faso (Photo: B.Schiffers)

The half-moon cultivation technique is a method for the rehabilitation of degraded soil 
that aims to collect the run-off water required for crop growth in arid and semi-arid 
areas. Half-moon cultivation applies the same principle as the Zai method, but these 
half-moons are more suited to steep inclines. 2 to 3 metres wide, they have a crescent 
shape and are installed perpendicular to the slope of the land.

Practised on encrusted and barren soils (e.g. in Burkina Faso, where this technique 
initially reserved for food crops is also used for vegetable crops today), like the Zai 
method, this practice primarily aims to:

• increase the soil’s water supply and infiltration;

• improve soil fertility;

• recover encrusted soils for agronomic or agroforestry purposes;

• rehabilitate the productivity of encrusted soils;

• increase cultivated areas.

The half-moons are semi-circular pits created on encrusted soils, or within fields in arid 
zones, usually on shallow slopes (less than 3%). These pits are arranged along contour 
lines, staggered, to recover the maximum amount of water, by concentrating it at the foot 
of plantations and reducing the effects of erosion (around 300 half-moons per hectare). 
Inside each pit, organic manure is applied to ensure optimum plant growth and a higher 
yield. An average of 20 to 30 dibble holes are planted in the pit. 

Half-moon techniques are suitable for restoring land in agricultural areas, such as 
pastoral land in the Sahelian and Sudano-Sahelian region (rainfall below 600 mm; in 
excess of this, there is a risk of flooding). The cost of installing them is 75 euros per hectare, 
excluding labour (acquisition of small materials: pick, mattock, shovel, wheelbarrow).
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Figure 17 – Community work: making half-moons

The half-moon is a farming method involving the digging of pits of a few metres wide 
into the land to form semi-circular pits (or mounds) in half-moon shapes.  It is mostly 
used in inclined soils with an arid or semi-arid climate to concentrate rainwater, reduce 
run-off and to cultivate on encrusted soils.

Studies conducted by Zougmore et al., 1999, on agronomic recovery of encrusted soils 
have shown that half-moons provide an improvement in soil moisture reserves, and an 
increase in wetting depth of 20 to 40 cm. They increase agricultural production, all the 
more so when a mineral or organic supplement is added. The half-moon and compost 
combination achieves a yield 15 to 24 times higher than that of the half-moon without 
added fertiliser.  

The half-moon/manure combination produces between 1.2 to 1.6 t/ha of local sorghum 
grains. The half-moon/compost combination leads to an increase in yield compared to 
the half-moon method alone, without added fertiliser (Zougmore et al. 2000).

Figure 18 – Sorghum in a half-moon field



68

CHAPTER 2

2.  ANALYSIS OF THE ENVIRONMENTAL RISKS ASSOCIATED WITH 
AGRICULTURAL PRACTICES

2.1. Importance of a risk analysis

As farm managers, producers should know how their practices relate to the environment, 
in order to better manage inputs and their use, to implement agricultural practices that 
are more environmentally friendly, to plant and manage agricultural land, maintain soil 
fertility, preserve water quality and respect and improve biodiversity.

A ‘risk analysis’ is desirable to help the producer accurately identify:

• the risks of environmental degradation (soil erosion, soil degradation and loss 
of biodiversity); 

• the risks of environmental pollution (e.g. contamination of water resources 
by plant protection treatments; nitrate pollution of the water table; build-up of 
outdated pesticides; soil pollution by heavy metals; the presence of dioxins in 
soils, etc.). 

For the producer, the purpose of the risk analysis is to provide a basis for drafting an 
‘action plan’ with adjustments tailored to the scale and context of the farm.

A risk analysis systematically identifies agricultural practices that are harmful to the 
environment, together with sources of pollution, classifies them in order of priority 
in terms of impact (quantities of pollutants) and urgency (toxicity to humans and 
the environment, effect on the quality of the harvested products), and also proposes 
effective corrective or remedial measures.

2.2. Methodology to apply

The analytical method for evaluating environmental risks consists of 4 stages:

 ■ Stage 1: Identify the environment’s degradation and pollution hazards

The identification of these hazards consists of:

1. compiling an inventory of cultivation practices and biological, chemical or physical 
agents with a potentially harmful effect on the environment (sources: personal 
observations, results of audits, consultations, existing literature, internet research, 
etc.).

2. identifying the consequences of the farming practices adopted (ploughing, slash-
and-burn methods, working in crop residues, etc.) and identifying factors responsible 
for the presence of each of the agents known to be potentially hazardous for the 
environment (e.g. application of fertilisers, plant protection treatment, purification 
plant sludge, etc.)
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2.  ANALYSIS OF THE ENVIRONMENTAL RISKS ASSOCIATED WITH 
AGRICULTURAL PRACTICES

2.1. Importance of a risk analysis

As farm managers, producers should know how their practices relate to the environment, 
in order to better manage inputs and their use, to implement agricultural practices that 
are more environmentally friendly, to plant and manage agricultural land, maintain soil 
fertility, preserve water quality and respect and improve biodiversity.

A ‘risk analysis’ is desirable to help the producer accurately identify:

• the risks of environmental degradation (soil erosion, soil degradation and loss 
of biodiversity); 

• the risks of environmental pollution (e.g. contamination of water resources 
by plant protection treatments; nitrate pollution of the water table; build-up of 
outdated pesticides; soil pollution by heavy metals; the presence of dioxins in 
soils, etc.). 

For the producer, the purpose of the risk analysis is to provide a basis for drafting an 
‘action plan’ with adjustments tailored to the scale and context of the farm.

A risk analysis systematically identifies agricultural practices that are harmful to the 
environment, together with sources of pollution, classifies them in order of priority 
in terms of impact (quantities of pollutants) and urgency (toxicity to humans and 
the environment, effect on the quality of the harvested products), and also proposes 
effective corrective or remedial measures.

2.2. Methodology to apply

The analytical method for evaluating environmental risks consists of 4 stages:

 ■ Stage 1: Identify the environment’s degradation and pollution hazards

The identification of these hazards consists of:

1. compiling an inventory of cultivation practices and biological, chemical or physical 
agents with a potentially harmful effect on the environment (sources: personal 
observations, results of audits, consultations, existing literature, internet research, 
etc.).

2. identifying the consequences of the farming practices adopted (ploughing, slash-
and-burn methods, working in crop residues, etc.) and identifying factors responsible 
for the presence of each of the agents known to be potentially hazardous for the 
environment (e.g. application of fertilisers, plant protection treatment, purification 
plant sludge, etc.)

 ■ Stage 2: Highlight the hazards or determine their effect

The producer must assess the severity of the harmful effects of their practices for the 
environment (e.g. rapid soil erosion, water pollution by nitrates) on the basis of their 
knowledge, and based on the scientific literature available, and must allocate each 
hazard a ‘score’ ranging from 1 (minimal, short-term effect) to 4 (significant effect that 
is lasting or even irreversible).

Examples

Emptying the contents of tanks and wash water from a sprayer device onto an 
impermeable surface near a water supply point: this water supply point could be 
permanently contaminated. Depending on the concentration of product in the spray, 
its physico-chemical properties (stability and adsorption), and the product’s toxicity for 
aquatic organisms, the effect could range from a score of ‘2’ (limited effect, non-toxic 
product) to ‘3’ (toxic effect, but moderate effect because short-term), or ‘4’ (significant 
effect for a toxic product that permanently pollutes well water).

Uprooting a hedge bordering a water course: a severity score of ‘4’ will be given, as 
this is an irreversible change in the environment (even after planting, it would take 
over 10 years to restore the ecosystem), leading to increased pollution of the water, 
an increase in the transfer of soil particles, a loss of biodiversity, an effect on the 
microclimate and the destruction of beneficial insects.

 ■ Stage 3: Estimate the likelihood of the hazard occurring

Based on the analysis of their practices, of inputs and their production process, the 
producer must estimate the likelihood (or probability) of a harmful effect on the 
environment occurring, and must give this ‘hazard’ a score from 1 (impact that is more 
theoretical, or even exceptional) to 4 (frequent accident or recurring poor practice).

Example

Destruction of beneficial organisms following the application of pesticides to crops: 
the likelihood of such a harmful effect occurring may range from ‘1’ (theoretical, 
because the producer uses organic farming methods, but their neighbours do not), 
to ‘2’ (unlikely, because they are only using fungicides, some of which are not very 
selective), to ‘3’ (this effect will only occur when the producer applies a non-selective 
insecticide, which is rare), and up to ‘4’ (the producer is only using broad spectrum 
insecticides such as organo-phosphates).

 ■ Stage 4: Profile the risks to the supply chain

The profiling of risks will take into account the preceding stages, and will aim to quantify 
the likelihood of a hazard occurring, combined with the magnitude of any adverse 
consequences (decision-making matrix). The result or ‘score’ of the analysis will be 
reflected in action ‘priorities’:



70

CHAPTER 2

Severity x Likelihood = Score  Action Plan priorities

Interpretation of the ‘score’ (or criticality):

Score <3: no specific control measures to be put in place, but strict compliance with 
‘Good Agricultural and Plant Protection Practices’.

Score of 4 to 8: watchpoints. The potential risks identified must be controlled (but 
accidental loss of control would not automatically lead to unacceptable risks for the 
environment).

Score >9: critical points. The potential risks identified must be eliminated, prevented or 
reduced to an acceptable level (e.g. change of practices, withdrawal of certain products 
from the crop protocol, abandonment of certain crop practices, etc.). 

Severity   


Types of 
effect on the 
environment

Chemical 
contamination of 
the soil or water

Significant

4 8 12 16 Irreversible 
damage

The permissible 
standard is 
exceeded 
by using the 
product

Moderate

3 6 9 12

Severe but 
reversible 
degradation 
or pollution

The permissible 
standard may 
in due course 
be exceeded 
by using the 
product

Low

2 4 6 8
Limited 
effects (short 
term)

Risk of 
contamination 
without the 
permissible 
standard being 
exceeded

Minimal

1 2 3 4

No effect, 
no change 
to the 
environment

No risk of 
increased 
concentrations in 
the environment

Likelihood  
 Minimal Low Moderate Significant
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2.3  Action plan

After identifying the hazards, risks and critical intervention thresholds (scores have been 
allocated), prevention methods must be identified, and suitable corrective measures 
put in place to ensure that the degradation and/or pollution hazards are controlled.

 ■ Producing an action plan

Produced following the risk analysis, the ‘action plan’ generally consists of a coherent 
set of actions, all of which will directly or indirectly minimise the risks of localised and 
diffuse pollution, preserve the quality of the environment (water, soil, air) and guarantee 
the phytosanitary condition and quality of the harvested produce. 

The producer will integrate this series of actions into the strategy adopted to ensure 
the conformity of their production system. It will enable them to display a ‘Quality 
Policy’ for their business, with specific and consistent objectives regarding their actual 
capacities (human resources, financial resources and availability of the technology 
locally). 

It is therefore vital that producers conduct, or at least are involved in, all of the stages 
of the diagnosis and in producing the action plan, since they will be responsible for its 
follow-up and for assessing the results.

The control measures for environmental risks include:

• ‘Rationalising’ the use of pesticide and fertilisers: basing their use on the objectively 
measured need to use them in a specific context; this decision is taken by producer 
before or after planting the crop. Rationalisation can be adopted at various levels:

• reduction of the quantities applied per surface unit by improved targeting of 
the application (timing based on stage of growth);

• compliance with the conditions governing treatment and fertiliser efficacy;

• selection of the input (form) to reduce environmental risks.

• Conditions and constraints for performing the treatments: information (subscription 
to a journal and to a technical advice service, independent of marketing) plus training, 
performing observations on representative plots and recordkeeping of practices. A 
‘rationalised’ interpretation of the observations and conditions is likely to significantly 
reduce plant protection treatments, but requires farmers to be trained in advance. 
It also requires plot monitoring procedures, which increase in stringency the more 
intensive the system of cultivation (susceptible varieties, single-crop) and poses 
high plant protection risks.

• Reducing the dispersal of pesticides in the environment: the transfer of pesticides is 
the result of a very strong interaction between the properties of the active substances, 
the characteristics of the environment, climatic conditions and farming practices:

• adapting the use of plant protection products in line with environmental 
conditions;
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2.3  Action plan

After identifying the hazards, risks and critical intervention thresholds (scores have been 
allocated), prevention methods must be identified, and suitable corrective measures 
put in place to ensure that the degradation and/or pollution hazards are controlled.

 ■ Producing an action plan

Produced following the risk analysis, the ‘action plan’ generally consists of a coherent 
set of actions, all of which will directly or indirectly minimise the risks of localised and 
diffuse pollution, preserve the quality of the environment (water, soil, air) and guarantee 
the phytosanitary condition and quality of the harvested produce. 

The producer will integrate this series of actions into the strategy adopted to ensure 
the conformity of their production system. It will enable them to display a ‘Quality 
Policy’ for their business, with specific and consistent objectives regarding their actual 
capacities (human resources, financial resources and availability of the technology 
locally). 

It is therefore vital that producers conduct, or at least are involved in, all of the stages 
of the diagnosis and in producing the action plan, since they will be responsible for its 
follow-up and for assessing the results.

The control measures for environmental risks include:

• ‘Rationalising’ the use of pesticide and fertilisers: basing their use on the objectively 
measured need to use them in a specific context; this decision is taken by producer 
before or after planting the crop. Rationalisation can be adopted at various levels:

• reduction of the quantities applied per surface unit by improved targeting of 
the application (timing based on stage of growth);

• compliance with the conditions governing treatment and fertiliser efficacy;

• selection of the input (form) to reduce environmental risks.

• Conditions and constraints for performing the treatments: information (subscription 
to a journal and to a technical advice service, independent of marketing) plus training, 
performing observations on representative plots and recordkeeping of practices. A 
‘rationalised’ interpretation of the observations and conditions is likely to significantly 
reduce plant protection treatments, but requires farmers to be trained in advance. 
It also requires plot monitoring procedures, which increase in stringency the more 
intensive the system of cultivation (susceptible varieties, single-crop) and poses 
high plant protection risks.

• Reducing the dispersal of pesticides in the environment: the transfer of pesticides is 
the result of a very strong interaction between the properties of the active substances, 
the characteristics of the environment, climatic conditions and farming practices:

• adapting the use of plant protection products in line with environmental 
conditions;
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• reducing loss on application (improve spreading techniques and complying 
with application instructions to limit losses);

• reducing transfers inside and outside the plot (grassed strips, hedgerows);

• intercepting polluting flows (buffer zones or other techniques such as 
wooded strips, hedgerows, etc.).

• Reducing the use of pesticides: diversification of pest control methods, and 
developing cultivation systems that reduce plant protection risks:

• using crops’ natural resistance to pests;

• favouring non-chemical control techniques (biological control, integrated 
pest management).

2.4. Analysis of the risks of pollution on a farm
2.4.1. Value of a risk analysis to the farm

In its Water Framework Directive (Directive2000/60/EC), the European Commission 
defines pollution as: “the direct or indirect introduction, as a result of human activity, 
of substances or heat into the air, water or land which may be harmful to human health 
or the quality of aquatic ecosystems”...

As farm managers, producers should know how their practices relate to the environment, 
in order to better manage inputs and their use, to implement agricultural practices that 
are more environmentally friendly, and to plant and manage agricultural land.

A risk analysis is valuable for accurately identifying the risks of accidental pollution 
and transfer, or for detecting the presence of sources of diffuse contamination, and to 
outline, on that basis, an ‘action plan’ with adjustments tailored to the scale and context 
of the farm.

The purpose of the risk analysis is to guide the producer to minimise the risk of pollution 
(e.g. contamination of water resources by plant protection treatments; nitrate pollution 
of the water table; build-up of outdated pesticides; soil pollution by heavy metals; the 
presence of dioxins in soils, etc.). The risk analysis can identify sources of pollution and 
classify them in order of priority in terms of impact (quantities of pollutants) and urgency 
(toxicity to humans and the environment, effect on the quality of the harvested products). 

2.4.2.  Methodological approach to risk

The aim of this analysis is threefold:

• to evaluate, for each farm, the risks of localised pollution associated with 
management practices, the use and elimination of fertilisers, soil improvers 
and plant protection products;

• to evaluate, for each plot or group of plots, the associated risks of diffuse pollution 
to the environment (soil: type, hydraulic functioning and condition), to the terrain 
(specific landscape), the climate, and to agricultural practices (cropping patterns, 
rotation, protocols, etc.);

• to devise proposals for layout improvement (mixing, rinsing, washing and waste 
collection areas) and practices to control the risk of pollution.
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watershed, soils and 

vegetation cover
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of the waters

Characteristics of agricultural 
and plant protection practices Management of inputs

Water contamination 
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Example for the risk of surface-water pollution

 ■ Importance of the initial diagnosis 

The first step must be an initial diagnosis, in order to produce an action plan, and 
prepare for its subsequent monitoring and evaluation. Corrective actions may then 
be decided upon, if the measures recommended in the action plan have not proved 
sufficiently effective.

This will ensure that the initial situation is understood, and constitutes the first step of 
the action plan. Since the diagnostic phase must also help to establish the ‘ground zero’ 
from which progress will be evaluated (e.g. as part of an ISO 14001 strategy), it is also 
an opportunity to test the feasibility of indicators identified as relevant by the producer, 
to inventory data already readily available (e.g. quantities of inputs purchased during 
the growing season; treated surfaces; timetable of operations, etc.) and to evaluate the 
effort required to obtain data that is more difficult to access (e.g. quantities of waste 
and effluents generated) or even missing (e.g. soil characteristics, groundwater level, 
etc.). The resources (human and financial) needed to obtain the missing data (surveys, 
analyses, etc.), or for updating the data available must be clearly evaluated and integrated 
into the action plan. By integrating all of the data, the ‘water contamination potential’ 
at the farm can be determined.

 ■ Factors to consider in the analysis of a farm

Several interlinked factors should be considered to explain the varying impact of ‘pollution 
pressure’ on surface or groundwater. These include:
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to inventory data already readily available (e.g. quantities of inputs purchased during 
the growing season; treated surfaces; timetable of operations, etc.) and to evaluate the 
effort required to obtain data that is more difficult to access (e.g. quantities of waste 
and effluents generated) or even missing (e.g. soil characteristics, groundwater level, 
etc.). The resources (human and financial) needed to obtain the missing data (surveys, 
analyses, etc.), or for updating the data available must be clearly evaluated and integrated 
into the action plan. By integrating all of the data, the ‘water contamination potential’ 
at the farm can be determined.
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pressure’ on surface or groundwater. These include:
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Environmental factors that account for the vulnerability of the water

The transfer times (of varying length, depending on the type of inputs and how they are 
transferred) vary according to the different parameters outlined below, and above all how 
they are combined:

• Environmental factors (topography, pedology, geology) and land layout (drainage, 
ditches, hedgerows, forests, etc.): the relief, running sandy soils, light soils with 
low organic matter content, fractured subsoils, drainage, bare soils, for example, 
favour short transfer times; meanwhile, low slopes, deep soils and the presence 
of hedgerows, grassland and forest increase the transfer time.

• Climatic conditions and extreme rainfall (install a weather station): heavy rainfall 
immediately after the application of a plant protection product encourages rapid 
run-off of the product towards rivers.

Soil use

• Crop rotation practices may vary significantly from one year to the next. The economic 
context (cost), rotation constraints, and the characteristics of the climatic year 
(crop planting conditions) can be the cause of the differences observed. In small 
watersheds, the simple fact of crop rotation can therefore be enough to significantly 
alter the annual cropping pattern for that watershed.

• It is therefore important to gather ‘annual cropping pattern’ data in hectares per 
crop. This information can be used to interpret indicators of pollution pressure, 
either for fertilisers or for plant protection products.

The type of pollution (localised or diffuse sources) and of pollutant (physico-chemical 
characteristics of the pollutant)

Direct emptying of the residues within a sprayer tank into ditch water will contaminate a 
river almost immediately; highly water-soluble plant protection products that are barely 
retained by the soil particles have shorter transfer times than others. For phosphorus, 
issues around the storage and release of phosphorus into soils should also be taken into 
account, as well as into water courses subject to eutrophication. In addition, a very low 
quantity of phosphorus in stagnant waters is sufficient to cause eutrophication.

Cultivation practices

The full range of cultivation practices should be covered, based on the timetable and crop 
protocols in use. For example, the practice of splitting nitrogen inputs is closely linked to 
the organisation of work and to the availability of the operator.

The management of inputs (purchase, intensity of use, storage conditions)

 ■ Producing an action plan 

Produced following an initial diagnosis, the action plan generally consists of a coherent 
set of actions that will all directly or indirectly contribute to achieving the sought objective: 
minimising the risks of localised and diffuse pollution. The producer will integrate this 
action plan into the compliance strategy of their production system. It will enable them 
to display a ‘Quality Policy’ with specific and consistent objectives based on their actual 
capacities.
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 ■ Monitoring and evaluation of the action plan 

The ‘indicators’ are the tools required for monitoring the actions. The production 
of a ‘dashboard’ will enable the user to view, at any given time, how each action is 
progressing against the set objectives, and to highlight any deviations from these 
objectives (e.g. reducing empty packaging by 10% a year; recycling 50% of organic 
matter, etc.). Environmental quality strategies, like others, are based on a ‘Principle of 
Continual Improvement’ (ISO 14001). The producer is not required to satisfy all regulatory 
requirements at once, but they are required to meet this objective as efficiently as 
possible (and at the lowest cost). This is very different from what is generally required by 
certain commercial standards, such as GLOBALG.A.P., for example, where compliance 
is based on a yes/no checklist. The purpose of the evaluation is to understand, interpret 
and assess. It should determine why and how the action was carried out or is in the 
process of being carried out. The evaluation is based on the information generated not 
only by the monitoring system, but also on information about context and progression, 
in order to interpret the results.

It is vital that the producer conducts, or at least is involved in, all stages of the diagnosis 
and in producing the action plan, since they will be responsible for its follow-up and for 
evaluating the results. 

2.4.3. Risk indicators 

 ■ What is an indicator?

Indicators of risks are decision-making tools. They always represent a ‘model’ of reality, 
in order to facilitate operators’ understanding of complex systems, so that they can take 
appropriate decisions. Devised to evaluate an environmental risk, a health risk, a policy, 
agricultural practice or an action programme, these indicators can be used to perform 
a diagnosis, facilitate decision-making, facilitate a group or simply to communicate. 
Some relate to plot level or farm level, while others cover a whole region, a watershed 
or even a country.

Risk indicators associated with the use of plant protection products are decision-
making tools based on mathematical algorithms to analyse information or data linked 
to the products’ properties, environmental data and usage data, to limit the risks of 
environmental contamination. In 2003, the European Union launched the first official 
call for the development of indicators relating to the use of inputs, and more specifically 
pesticides. Currently, several indicators have been developed. 

The use of indicators enables operators to ask valid questions concerning the choice of 
active substances, commercial products, modes of application and treatment schemes, 
when evaluating health and ecological risks. In this sense, their usage forms part of 
sustainable development measures. 

 ■ Types of indicators

Currently, the classification of indicators into types still seems quite complex, since the 
type of indicator is defined differently depending on need, the criteria evaluated, the 
result, the potential users, what the indicator evaluates (risk, agricultural practices, 
exposure, etc.), the design mode, etc. Some indicators combine two or three aspects of 
classification and varying methods for aggregating variables (these include those taken 
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into account in the design of the model, or by their usage parameter), which does not 
make their classification straightforward. 

Simple or ‘usage’ indicators9

These provide a directly available numerical value. They evaluate risk on the basis of 
the quantity of plant protection product used on a given surface, or based on the number 
of treatments per season. For example, the quantity of active substance per hectare 
(kg/hectare or kg/year), or the percentage of treated surface. For this type of indicator, 
traditional usage figures are set alongside the frequency of application figures. This 
provides a measure of the intensity of applications based on a standard dose. The 
major disadvantage of this type of indicator stems from the fact that it assumes that 
one treatment corresponds to a single application of a bioactive product in a field. The 
frequency of application penalises, on the one hand, improved treatments that apply 
reduced doses, and instead favours applications that require more persistent active 
substances, requiring fewer applications in comparison with their less biodegradable 
alternatives on the other. 

This simple type of indicator is referred to as ‘usage indicator’ because it evaluates the 
intensity of pesticide use. Such indicators are very simple, and only require a minimum 
of input data. However, this type of indicator cannot highlight trends in terms of the 
impacts of plant protection products on humans or on the environment. 

‘Score’ or ‘exposure’ indicators

These include indicators created by a rating type aggregation mode, which integrates 
the values of variables considered in the calculation after a conversion into scores or 
ratings, divided into classes. With this type of indicator, the values of the variables are 
indicated in the form of a rating allocated on the basis of thresholds. They represent 
the type of indicator readily understandable by users, but the use of a threshold effect 
can lead to wide variations in the final result.

For example:

Pollution pressure indicator =

(dose applied/approved dose) x (treated surface/total surface area of the plot)

These indicators are designed to provide quantitative information on the presence of 
plant protection products in different parts of the environment. For example, the SEPTWA 
(System for the Estimation of Pesticide Transfer to Waters)10 exposure indicator, based 
on geographical data on the use of plant protection products (agricultural and non-
agricultural usages), agronomic data (crops, plant protection products), and hydro-pedo-
climatic conditions (types of soils, rainfall, watersheds, etc.). The SEPTWA indicator 
provides quantitative data at watershed level on plant protection products likely to be 
found in surface and groundwater. This exposure indicator can be used by the authorities 
to support their product approval policy, and to implement monitoring programmes.

9  These include indicators created using a deterministic mode of aggregation that directly integrates into the 
calculation variables applied by one or more mathematical models or equations of varying complexity.

10  Indicator developed by CERVA (Centre for Veterinary and Agronomic Studies and Research, Belgium) in order 
to predict the aquatic environment’s exposure to plant protection products (Pussemier & Beernaerts, 1999).
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Hybrid indicators

These include indicators created by an aggregation mode that combines two modes 
of aggregation, deterministic and ratingsbased, in which some values of the variables 
are converted to ratings, while others are integrated into the calculation. This type of 
indicator avoids certain drawbacks.

Expert system indicators

These indicators simply use decision-based rules. This approach avoids loss of information 
during aggregation, by taking into account the possible interactions between variables. 
These decision-making rules make the creation of the indicator understandable, and 
make it possible to aggregate a range of diverse variables.

Multi-criteria indicators

These are indicators that do not represent the results as a single overall criterion 
(a numerical value or score). They compare, classify or organise active substances 
according to different pre-defined criteria. This method makes it possible to compare 
plant protection substances and determine rankings based on safety (for example, 
substance A outranks substance B, as it is better according to all criteria).

Impact indicators

The main difference between usage indicators stems from the fact that impact indicators 
attempt not only to measure intensity of use, but also some of the influences and effects 
of plant protection treatments. This impact can be environmental, but could also pose 
toxicological risks that could arise during application, as well as risks to consumers 
from the treated food-stuffs. Depending on whether the evaluation focuses on a single 
aspect, or a combination of aspects, reference will be made to single or multiple impact 
indicators. The latter type are also often referred to as Pesticide Impact Assessment 
Systems (PIAS), since they combine several single indicators in an evaluation system 
based on an approach to risk estimation. To do this, the weighting of different individual 
indicators is assessed by an expert, in order to take into account their relative significance. 
Despite this subjective component, it is clear that such systems can provide an important 
contribution to strategies for controlling risks associated with plant protection products.

DEVILLERS James, FARRET Régis, GIRARDIN Philippe, RIVIÈRE Jean-Louis, SOULAS 

Guy (2005).

This publication is part of the general framework for evaluating environmental risks 

associated with pesticide use. It aims to take stock of the many indicators that exist 

in the field.
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1. THE SOIL AND PRESERVING SOIL FERTILITY
1.1. Soil 

Soil is the loose, top surface of the earth’s crust formed by the breakdown of bedrock 
enriched with organic deposits. Soil is one of the earth’s most precious natural resources. 
It is an extremely complex and variable medium. Soil is the interface between the earth, air 
and water, and shelters most of the biosphere. It comprises degraded and decomposed 
underlying rocks, water and air, organic matter originating from putrefied plant and 
animal substances, and thousands of biological forms, essentially micro-organisms and 
insects. They all have a role to play in maintaining the complex ecology of a healthy soil.

Diagram of a cross-section through soil

The topsoil which is rich in humus is the most biologically active part of the soil biosphere. 
Humus is created and preserved by the decomposition of organic matter, essentially 
via the combined action of animals, bacteria and fungi in the soil. It is a supple, aerated 
material, which absorbs and retains water. The slow and natural decomposition of organic 
matter in the topsoil directly releases nitrogen, phosphorus and all of the nutrients 
essential for plant growth into the roots of plants. The raw material of the organic matter 
is known as litter, to which are added components of animal origin deposited on the 
soil surface or returned to the surface by burrowing animals, including earthworms. 
The various components of organic matter can be clearly identified, especially colloids 
and fulvic and humic acids. 

In a hot climate, humus can develop very quickly, and even become mineralised and 
disappear on exposure to sunlight and in the absence of water. It is useful for farmers 
to know the overall quantity and quality of the organic matter (OM) in the soil. One of 
the indices used is the C/N ratio of the soil.

The clay-OM complexes comprise a combination of clay and OM in a flocculated state 
following the work of soil micro-organisms, and in particular earthworms, which, thanks 
to a specific organ in their digestive tract, can bind these molecules, which are negatively 
polarised by calcium (Ca++). The mucus of certain organisms can also play a role in the 
composition of these complexes, which are both stable and insoluble.  This explains 
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the resistance of humus to water and erosion, and the preservation of its structure and 
exceptional capillarity. These complexes can bind heavy metals and limit their transfer 
to plants, water and, therefore, to the food chain.

The application of pesticides and fertiliser can degrade the humus. Ploughing causes 
rapid mineralisation of the organic matter and soil losses amounting to several hundreds 
of tonnes/hectare in tropical regions. The disappearance of humus substantially reduces 
the ability of ploughed soils to absorb water.

 

In humid, tropical regions, soil formation can develop from a sandy substrate after 200 
years. Nevertheless, this process normally takes much longer. In most conditions, soil 
forms at the rate of just 1 cm every 100 to 400 years. It takes between 3000 and 12000 
years to build up a sufficient layer to form a productive soil. As soil formation is an 
extremely slow process, it can essentially be considered as a non-renewable resource. 

Soil is a source of foodstuffs, biomass and raw materials. It stores, filters and transforms 
numerous substances including water, nutrients and carbon. It is the largest carbon 
reserve on the planet (1 500 gigatonnes). These functions must be protected given their 
socio-economic and environmental significance. Soil degradation therefore poses a 
serious problem. It is triggered or aggravated by human activities such as poor agricultural 
and silvicultural practices, industrial activities, tourism, urban and industrial expansion, 
and major construction works.

Soil structure is crucial in terms of the soil’s ability to carry out its functions. Any 
degradation in terms of structure also causes other natural environments and 
ecosystems to deteriorate. Soil degradation directly affects the quality of water and 
air, biodiversity and climate change. The European Commission has thus deemed that 
a global EU soil protection strategy is essential.

 

1.2. Soil fertility

Soil fertility is often defined as its “suitability for growing crops”. This vision of fertility, 
based on the physical components of the environment (climate, land topography and soil 
type) is extremely limiting because the soil is not just a collection of organic elements and 
minerals. It should ideally be considered as a ‘living organism’, which is created and 
subsequently develops under the influence of various factors including climate, fauna, 
flora and, above all, human practices and use. Whether or not production potential is 
maintained depends primarily on this ‘soil evolution’.

Fertility is, therefore, the outcome of interactions between the natural environment and 
cultivation practices. Soil that is sufficiently fertile at the outset but which is exploited 
without the regular application of fertilizer to off-set any losses will soon become 
exhausted within a few years. 

The loss of fertility is one of the many forms of soil degradation. It is mainly due to:

• soil erosion: the transportation and deposition of soluble and solid elements of 
soil under the influence of water (water erosion), wind (wind erosion) or cultivation 
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practices. This extremely important phenomenon will be discussed in greater 
detail further on.

• decrease in organic matter content: organic matter in the soil plays a crucial role 
in the carbon cycle within the soil. In fact, the soil is both a source of greenhouse 
gas emission and an important carbon reserve, but most soils contain low to very 
low levels of organic matter (0 to 2 % of organic carbon).

• soil acidification: lowering of soil pH by the mobilisation or increase in acid 
compounds and by the loss of basic cations. It is caused by numerous factors, the 
most important of which are the excessive application of acidifying fertiliser, the 
cultivation of certain acidifying plants, C02 intake associated with atmospheric 
pollution and the leaching of basic cations by rainwater. The effects of this increasing 
acidification are manifold: development of an absorbent, unsaturated complex, 
deficient in calcium, magnesium and even potassium; increased solubility of 
certain ions such as aluminium, manganese and iron, which are toxic to plants at 
high concentrations; reduced assimilability of molybdenum and phosphorus, and 
finally, a disruption in the microbial activity of the soils, particularly nitrification 
and the symbiotic fixing of nitrogen!

• soil capping: soil pores become blocked by fine particles or the formation of a 
thin, impermeable, superficial layer, which prevents the infiltration of rainwater 
and promotes significant runoff (which can also cause erosion). Capping of the 
surface layer of the soil can be caused by poor soil coverage, the splash effect 
of rainwater, destruction of the initial soil structure and low content of organic 
matter. Soils with an unstable structure thus promote soil capping.

• salinisation: an accumulation in the soil of soluble salts, generally sodium, 
magnesium and calcium. If the cultivated layer of the soil becomes too saline 
or too alkaline, its productivity will decrease. This can occur by irrigating poorly 
drained soil in a hot climate. On exposure to the sun, the surface water evaporates, 
leaving only the salt. As drainage is poor, the water table rises, bringing the saline 
water into contact with the roots.

• settlement: the soil sometimes sustains physical damage when it is frequently 
ploughed with heavy equipment in a humid climate or compacted around water 
supply points in pasture lands. It is difficult to make a compacted soil fully fertile.  
To this end, farmers may be obliged to selectively plant deep-rooted vegetables 
to break up hardpan soil. Biological damage results when the soil is deprived 
of essential nutrients as well as organic matter or humus. The former can be 
replaced by an artificial fertilizer but there is no substitute for the latter. The only 
answer is crop rotation and good cultivation practices. 

• landslides: landslides are far more prevalent in soils that can easily be eroded, 
clayey sub-soils, on steep ground and where there is intense, abundant precipitation.
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Under the climatic conditions prevailing in 
sub-Saharan Africa, the high level of natural 
mineralisation of the organic matter poses a 
constant threat to soil fertility. 

An additional loss of organic elements and 
nutrients occurs when the first rains of the 
season wash away significant quantities of 
crop residues and animal waste. 

The withdrawal of nutrients by crops reduces fertility if this is not off-set by the application 
of fertilizer or compost. Numerous studies have highlighted a negative mineral balance 
for most nutrients, especially nitrogen, potassium and magnesium. Chronic mineral 
deficiency inevitably leads to soil exhaustion by a gradual decrease in the nutrient and 
organic matter content. The loss of fertility is due to a negative balance of nutrients and 
organic matter between outflow (harvests, leaching, etc.) and inputs (organo-mineral 
fertiliser, ploughed crop residues, etc.). 

The loss of soil fertility during cultivation has the following consequences:

• an increase in land clearing (availability permitting), the cultivation of soils of 
marginal agricultural suitability and that are prone to erosion;

• large quantities of fertiliser and contaminated soil particles are transported 
towards water courses (rivers, backwaters, barrages, etc.); 

• the transportation and gradual deposition of sediment leads to the back-filling 
of barrages and water courses; 

• chemical products (chemical fertiliser and pesticides) contribute to the substantial 
degradation of the quality of surface waters and, by infiltration, groundwater; 

• surface water pollution manifests in the form of increased turbidity and raised 
nitrate and phosphate levels (eutrophication and uncontrollable development of 
algae and noxious plants such as water hyacinth);

• a decline in biodiversity due to a reduction in plant and animal biomass.

Overall, degraded soil fertility not only has repercussions on the economy and socio-
economic conditions for the current population, but above all will also impact upon 
future generations. 

The strategies developed for sustainable farming have advanced towards the integrated 
concept of “protective management of water, biomass and soil fertility”.
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2. SOIL DEGRADATION AND CONTAMINATION

Soil degradation is generally the result of a combination of severe climatic factors and 
bad cultural practices, which are themselves most often linked to population pressure 
on the land. 

Contamination of the soil usually originates from:

• Fallout from surrounding industry (diffuse pollution, atmospheric deposition); 

• The use of soil conditioners or contaminated fertilizer (heavy metals);

• The use and presence of dangerous substances (fertiliser and pesticides) in 
production processes.

2.1. Soil degradation

Soil degradation can be viewed as “the reduction in potential of the resource of cultivable 
lands that results from the loss of soil fertility due to its use, desertification and/or 
the process of deforestation”. This definition emphasises the accountability of human 
activities in the soil deterioration phenomenon. However, cultural practices adopted 
locally are largely reliant on socio-economic conditions, the consideration of which is 
therefore a vital pre-requisite for adopting a sustainable soil management approach.

Soil degradation is a highly complex phenomenon, which manifests itself in several 
forms and to a varying extent depending on the region in question.  It is, therefore, of 
paramount importance to identify the main types of degradation that affect soils in 
cultivated regions in order to pinpoint the cause(s) in each individual case. 

Soil degradation can be due to one or more of the following processes:

• physical degradation due to erosion, settlement or hardpan formation.

• chemical degradation associated with a loss of nutrients and acidification;

• biological degradation associated with a loss of organic matter;

• degradation of drainage conditions resulting in waterlogging or salinisation.

Most types of soil degradation reduce the capacity of the soil to store water in a way 
that is readily available for plants (the key factor affecting soil productivity) and trigger an 
imbalance in the microbiological and biological activities of the soil (decrease in organic 
matter content and in the density of flora and fauna, especially beneficial species such 
as micro-organisms, earthworms and termites). To take a rarely mentioned example, 
termites have a positive role in transforming and burying organic matter, and thus 
protecting it against brush fire. The galleries hollowed out by the termites contribute 
to soil porosity. The degradation process hampers termite activity, and consequently 
reduces the quantity of organic matter. 

The overall result of these changes is a decreased potential for sustained production. 
The soil is ‘tired’, loses its ability to store water and nutrients and responds poorly to 
fertiliser.

Subjected to the combined action of severe climatic factors: intense rainfall and high 
temperatures (with considerable variation between day and night), the soils are rapidly 
and extensively altered (laterization). 

It should be remembered that soils are capable of altering rapidly and irreparably if 
certain external, human-mediated, influences disrupt the natural balance.

The outcome of soil degradation for producers in sub-Saharan Africa is a general 
reduction in land productivity. Crop yields become erratic and tend to decrease. 

Outline of lateritic soil (North of Madagascar)

 (Photo: University of Picardie)

Economic pressures can lead to overuse of land. Deforestation destroys the trees that 
hold the soil in place, overuse exhausts soils and bad irrigation practices increase salinity 
and sometimes cause the water courses supplying the major lakes to dry up. Finally, 
soil degradation in arid, semi-arid and sub-humid dry areas will lead to desertification 
where the soils are fragile, plant cover is depleted and the climate is particularly harsh. 

Poverty obliges populations whose subsistence depends on the land, to overexploit it 
in order to provide themselves with food, accommodation, energy sources and income.  
Desertification is, at the same time, both the cause and consequence of poverty. 

2.2. Soil contamination by heavy metals

The addition of soil conditioners or fertiliser contaminated by heavy metals (Cd, Cr, 
Co, Cu, Hg, Pb, Ni and Zn) is responsible for the secondary contamination of harvested 
produce. Other trace elements such as Arsenic, Molybdenum, Selenium and Fluorine 
should also be considered as relevant potential hazards (no maximum content has been 
imposed by legislation to date). 

The use of Cadmium in phosphated fertiliser and in fertiliser based on or containing 
phosphated fertiliser, or biuret (a potentially harmful manufacturing by-product found in 
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2. SOIL DEGRADATION AND CONTAMINATION

Soil degradation is generally the result of a combination of severe climatic factors and 
bad cultural practices, which are themselves most often linked to population pressure 
on the land. 

Contamination of the soil usually originates from:

• Fallout from surrounding industry (diffuse pollution, atmospheric deposition); 

• The use of soil conditioners or contaminated fertilizer (heavy metals);

• The use and presence of dangerous substances (fertiliser and pesticides) in 
production processes.

2.1. Soil degradation

Soil degradation can be viewed as “the reduction in potential of the resource of cultivable 
lands that results from the loss of soil fertility due to its use, desertification and/or 
the process of deforestation”. This definition emphasises the accountability of human 
activities in the soil deterioration phenomenon. However, cultural practices adopted 
locally are largely reliant on socio-economic conditions, the consideration of which is 
therefore a vital pre-requisite for adopting a sustainable soil management approach.

Soil degradation is a highly complex phenomenon, which manifests itself in several 
forms and to a varying extent depending on the region in question.  It is, therefore, of 
paramount importance to identify the main types of degradation that affect soils in 
cultivated regions in order to pinpoint the cause(s) in each individual case. 

Soil degradation can be due to one or more of the following processes:

• physical degradation due to erosion, settlement or hardpan formation.

• chemical degradation associated with a loss of nutrients and acidification;

• biological degradation associated with a loss of organic matter;

• degradation of drainage conditions resulting in waterlogging or salinisation.

Most types of soil degradation reduce the capacity of the soil to store water in a way 
that is readily available for plants (the key factor affecting soil productivity) and trigger an 
imbalance in the microbiological and biological activities of the soil (decrease in organic 
matter content and in the density of flora and fauna, especially beneficial species such 
as micro-organisms, earthworms and termites). To take a rarely mentioned example, 
termites have a positive role in transforming and burying organic matter, and thus 
protecting it against brush fire. The galleries hollowed out by the termites contribute 
to soil porosity. The degradation process hampers termite activity, and consequently 
reduces the quantity of organic matter. 

The overall result of these changes is a decreased potential for sustained production. 
The soil is ‘tired’, loses its ability to store water and nutrients and responds poorly to 
fertiliser.

Subjected to the combined action of severe climatic factors: intense rainfall and high 
temperatures (with considerable variation between day and night), the soils are rapidly 
and extensively altered (laterization). 

It should be remembered that soils are capable of altering rapidly and irreparably if 
certain external, human-mediated, influences disrupt the natural balance.

The outcome of soil degradation for producers in sub-Saharan Africa is a general 
reduction in land productivity. Crop yields become erratic and tend to decrease. 

Outline of lateritic soil (North of Madagascar)

 (Photo: University of Picardie)

Economic pressures can lead to overuse of land. Deforestation destroys the trees that 
hold the soil in place, overuse exhausts soils and bad irrigation practices increase salinity 
and sometimes cause the water courses supplying the major lakes to dry up. Finally, 
soil degradation in arid, semi-arid and sub-humid dry areas will lead to desertification 
where the soils are fragile, plant cover is depleted and the climate is particularly harsh. 

Poverty obliges populations whose subsistence depends on the land, to overexploit it 
in order to provide themselves with food, accommodation, energy sources and income.  
Desertification is, at the same time, both the cause and consequence of poverty. 

2.2. Soil contamination by heavy metals

The addition of soil conditioners or fertiliser contaminated by heavy metals (Cd, Cr, 
Co, Cu, Hg, Pb, Ni and Zn) is responsible for the secondary contamination of harvested 
produce. Other trace elements such as Arsenic, Molybdenum, Selenium and Fluorine 
should also be considered as relevant potential hazards (no maximum content has been 
imposed by legislation to date). 

The use of Cadmium in phosphated fertiliser and in fertiliser based on or containing 
phosphated fertiliser, or biuret (a potentially harmful manufacturing by-product found in 
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urea) in urea is well known. In the case of a composition error or overdose of a particular 
element in a fertilizer, the harvest obtained from a crop to which this incorrectly formulated 
or overdosed fertilizer has been applied, will be unfit for human consumption. Spinach 
could thus contain an excessive quantity of nitrates following the application of a fertilizer 
inadvertently containing nitrogen or containing an overdose of nitrogen. 

On October 13 2006, tins of pineapples were 
withdrawn from supermarket shelves due to 
Cadmium levels exceeding the permissible 
legal limit. The tins of fruit sold by MIGROS in 
Switzerland, namely “Pineapple dessert Bits” 
by Del Monte and produced in Kenya, contained 
traces of Cadmium equivalent to 0.02 mg per 
kilo.

The manufacturers had used a fertilizer from 
China, traces of which were detected in the 
fruit!

Other materials (such as manure and slurry, etc.) also spread on farmland, can enrich 
the soil with excessively high concentrations of toxic elements (e.g. copper in certain 
liquid manures). The use of sludge generated by urban waste water purification stations 
and produced by agri-food industrial water purification stations (processing of fruit, 
vegetables, dairy produce and abattoirs, etc.) or by-products of the agri-food industries 
(pulps, shells, stalks, peelings and various barks) can also trigger soil contamination, 
particularly by heavy metals. This is why it is important to be extremely vigilant (detailed 
analysis of the composition of these soil conditioners) and cautious (risk analysis) before 
applying these products to plots intended for vegetable cultivation. It should also be 
noted that some plants have a propensity to extract and accumulate heavy metals from 
the soil. As a reminder, septic tank sludge must not be used in agriculture under any 
circumstances whatsoever.

2.3. Soil contamination by atmospheric fallout

‘Diffuse pollution’  triggers soil contamination through pesticide drift and atmospheric 
fallout. Apart from accidents (which are, in principle, controllable) caused by poor 
practices (e.g. pesticide droplet fallout due to the spray drift), the pollution of cultivated 
land is generally caused by industrial waste and uncontrolled emissions. 

For instance, the combustion of organic matter and the incineration of plastics trigger 
‘dioxins’ (dioxins – polyaromatic hydrocarbons comprising 1 to 8 chlorine atoms – and 
furans) in the smoke emitted. The fallout on soil and vegetation can contaminate crops. 

Polycyclic aromatic hydrocarbons (or PAHs, the most famous of which is benzopyrene) 
are toxic substances that are produced during pyrolysis or the incomplete combustion 
of organic matter: fires, volcanoes, exhaust gas, petroleum hydrocarbons discarded 
in water courses, etc. The main route of human exposure is via the ingestion of plant 
produce contaminated by atmospheric deposits.
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According to experts, vegetables and cassava cultivated along numerous avenues in 
Kinshasa (DRC) contain lead released by traffic, thus making them unfit for consumption.

The contaminants present in the soil can find their way into food crops, animal fodder 
and in animals destined for food production. They can affect the safety of human and 
animal foodstuffs launched on the market by increasing the concentration of hazardous 
substances contained in these products, thereby posing a human and animal health risk.  
Acting at source by preventing soil contamination or reducing the level of contamination 
is an essential supplement to the control procedures carried out (analyses) in order to 
safeguard the quality of foodstuffs and animal fodder.
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Traces of pesticides have been detected as far afield as in the ice of an ice floe!
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This contamination of the environment presents a danger as much for wildlife (non 
intentional ecological effects) as for man and domesticated animals. 

In general, private standards bodies (such as Global GAP) require producers to analyse 
the risks of contamination from pesticides and to take all appropriate measures to 
reduce them. 

The risks of contamination of the environment originate from:

• The use of persistent phytosanitary products which have a propensity to accumulate 
in living organisms and pollute the whole food chain (this is why the majority of 
them, such as organochlorine insecticides, have progressively been forbidden).

• The use of non selective pesticides which can affect pollinators, wild fauna 
(reptiles, birds, game), fish, beneficial organisms and notably beneficial insects 
which can naturally limit the impact of crop pests (regulation effect);

• Poor use of pesticides: excessive dose; poor application technique including 
uncontrolled drift of droplets to points far away from the target; draining the bottom 
of spray tanks into ditches or close to water sources; preparation of the mixture 
without care, so contaminating the soil; poor positioning of the microgranules or 
of the treated seeds in the seedbeds;

• Bad storage conditions (runoff, spills) and transport of phytosanitary products;

• Inappropriate disposal of empty wrappers and/or unused, out of date or obsolete 
products.

When evaluating the risk of pollution of 
the environment by pesticides and the 
consequences on human health and on the 
ecosystem, two types of parameters should 
be taken into consideration:

• pesticide mobility in the environment; 
and

• its persistence.

Abandoned empty containers in fields: they can 
also contaminate the soil!
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without care, so contaminating the soil; poor positioning of the microgranules or 
of the treated seeds in the seedbeds;

• Bad storage conditions (runoff, spills) and transport of phytosanitary products;

• Inappropriate disposal of empty wrappers and/or unused, out of date or obsolete 
products.

When evaluating the risk of pollution of 
the environment by pesticides and the 
consequences on human health and on the 
ecosystem, two types of parameters should 
be taken into consideration:

• pesticide mobility in the environment; 
and

• its persistence.

From the point of emission (= spraying) of the pesticide, the actual deposit is far below 
the theoretical deposit due to drift, interception by plants and volatilization. Furthermore, 
the concentration of pesticides in the soil (example, herbicide) will not remain constant. 
Indeed, over time, the pesticide may:

• bind to organic matter (more or less irreversible adsorption);

• be transformed (degradation and/or metabolism by the plants and soil microbes);

• move (leaching downwards, lateral transport along ploughed furrows);

• gradually volatilize into the atmosphere.

Diffusion, accumulation, fixation, transport and the deterioration of the pesticides in the air, the soil and the water. 

The most important risk is the contamination of water supplies (surface water and underground water). 

After application, one can distinguish:

• The phenomena of adsorption and desorption (fixation and release): these 
phenomena are caused by molecular attraction exerted by the organic surfaces 
and minerals of the soil. When a substance is attached to a surface, this is called 
adsorption. In the case of the pesticides, this 'attraction' is influenced by the 
property of the pesticide (solubility, pKa, the octanol/water partition coefficient 
Kow) and by the composition of soil (% organic material, cation exchange capacity 
(CEC), adsorption capacity of the soil), the soil pH, and the pesticide’s concentration 
and availability in water. Temperature also plays an important role in adsorption. 
The phenomenon of adsorption/desorption greatly influences the fate of pesticides 
in the environment. Because of adsorption, they are no longer bio-available, 
they are less active and less degraded by microorganisms, and they move more 
slowly through the soil towards water bodies. The residual concentration of 
pesticide in the aqueous phase of the soil will determine its effectiveness or not 
(bio-availability), its persistence of action and its ultimate effects on subsequent 
crops (phytotoxicity). 
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The adsorption onto soil constituents plays, through its impact on the concentration 
of pesticide in the soil solution in the hours after an application, an important role on 
bio-availability. For certain systemic pesticides, adsorption of the pesticide by the soil 
can compete with adsorption by the plant. Moreover, if a product possesses too high 
a solubility in water, it can be easily carried away from the area of root adsorption and 
therefore become unavailable for the plant. The efficiency of a systemic pesticide is 
therefore a compromise between adsorption and solubility.

The soil adsorbents are made up on the one part by 
clay minerals (silicates 1/1 or 2/1) and the other part 
by organic matter (humus) which form the 'complexes' 
onto which the pesticides attach themselves more or 
less securely, and from which they will be released 
more or less quickly. 

The micelles of humus and clay are both electro 
negative, and in theory they cannot be attached to 
one another. However, the clay and humus do form 
complexes called clay-humus complexes.

This ‘complex’  is made possible through calcium links (hydroxides of iron and aluminium 
or aluminium links can also play this role): this mode of attachment is particularly 
strong. In calcareous soil, the humus becomes less available due to mineralisation 
and soil aggregates are particularly resistant to dispersal by precipitation. 

The adsorption and desorption of a pesticide should be determined for each specific 
soil. It is necessary to experimentally establish the ‘isotherm of adsorption’ (isotherm 
of Freundlich), from which are obtained the values of the ‘coefficient of adsorption’ 
(Kd) which gives a measurement of the intensity of adsorption of a given pesticide on 
a given soil. The higher the value of Kd, the stronger the adsorption is which means the 
pesticide will be less mobile. The isotherms of adsorption are described most often by 
the Freundlich function, which is as follows:

(x / m) =  Kf . Ce n

With: 

x/m:  quantity of adsorbed pesticide per gram of soil 

Ce:  concentration of the pesticide (in µg/ml) in the solution to the equilibrium 

Kf et n:  constant, empirical parameters
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For the majority of the pesticides, the isotherm is close to linearity (n=1) and it can be 
deduced that adsorption can be described as:

Kd = (x/m) / Ce   

We can consider that Kd is a ‘partition coefficient or distribution’ between the solid 
and liquid stage. This partition coefficient is commonly reported as the level of organic 
carbon in the soil (C expressed in %): Koc = Kd x 100/C. 

• The phenomena of solution and transport (mobility): solubility also determines, 
in part, the concentration of pesticides in the soil (effect on: efficacy, leaching (or 
percolation), position in the soil profile); the solubility of the pesticide in the water 
depends in turn on the acidity (pH) of the environment. The migration of pesticides 
in soluble form is clearly the most important process in the contamination of 
groundwater, and also of surface water. 

Due to its persistence, pesticide taken up 
by roots can remain to contaminate future 
crops. This risk is insidious because a non-
permissible residue may thus be detected in 
a foodstuff even though the product has not 
been applied to the crop in question!

In the case of runoff, the pesticide can 
contaminate the surface water. In the event of 
leaching, it can contaminate the groundwater!

The knife indicates the level of the plough pan                            
(Photo: B. Schiffers)

The pesticides cannot infiltrate through the 
pan and run off along it towards surface water 
bodies. 
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Transport depends on the physicochemical properties of the pesticide, on the texture 
of the soil (micropores), its structure (macropores), the biological properties of the soil 
(microbial biomass, nature of the micro flora) and on the climatic conditions (intensity 
and frequency of the precipitation).

Mobility in the soil can be measured empirically using ‘thin layers of soil’ and by calculating 
the values of 'Rf' for each pesticide applied to a given soil.

Migration on thin layers of soil 
(values of the RF)

Relative mobility of the pesticide

0.00 – 0.09 Immobile
0.10 – 0.34 Gently mobile
0.35 – 0.64 Moderately mobile
0.65 – 0.89 Mobile
0.90 – 1.00 Strongly mobile

Transformation and movement of pesticides in a soil profile (Photo B. Schiffers)

Phenomenon of degradation: the soil is an ecosystem that has a very high capacity 
for detoxification. The process of degradation of active materials eventually produces 
mineral molecules such as H2O, CO2, and NH3. Degradation is mainly carried out by the 
biological action of soil microflora (bacteria, actinomycetes, fungi, algae, yeast) which 
act primarily in the top few centimetres of the soil. However, physical and chemical 
processes, such as photodecomposition, also contribute to degradation. These actions 
help to reduce the amount of active material in the soil and therefore reduce the risk 
of pollution. 

Many factors influence degradation of pesticides: most importantly the chemical nature 
of the compound, followed by environmental factors such as soil temperature, biological 
activity, soil moisture, etc. 
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Phenomenon of degradation: the soil is an ecosystem that has a very high capacity 
for detoxification. The process of degradation of active materials eventually produces 
mineral molecules such as H2O, CO2, and NH3. Degradation is mainly carried out by the 
biological action of soil microflora (bacteria, actinomycetes, fungi, algae, yeast) which 
act primarily in the top few centimetres of the soil. However, physical and chemical 
processes, such as photodecomposition, also contribute to degradation. These actions 
help to reduce the amount of active material in the soil and therefore reduce the risk 
of pollution. 

Many factors influence degradation of pesticides: most importantly the chemical nature 
of the compound, followed by environmental factors such as soil temperature, biological 
activity, soil moisture, etc. 

Depending upon the properties of both the pesticide and the soil, a proportion of the 
pesticide may persist for varying lengths of time in the soil. The kinetic degradation 
of a molecule is determined by estimating the persistence of the product. For this, we 
determine its half life or DT50 which is the time after which its initial concentration had 
been reduced by half. This half-life can vary with temperature, soil type, sunlight etc.: 
that of DDT is about 30 months in temperate regions and 3 to 9 months in the tropics. 
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Example of the determination of the DT50 of atrazine. Its average half life is around 60 
days, which is relatively long. In addition, its two main metabolites, DEA (desethylatrazine) 
and DIA (deisopropylatrazine), are themselves toxic with herbicidal properties.

The specialisation of soil micro flora (selection and multiplication of an effective strain) 
in the degradation of a molecule used repeatedly on the same piece of land also seems 
to be an important factor in the degradation of active material: so in the case of repeated 
applications of the same product on the same land, we notice a much quicker degradation 
than initially (example: the insecticide carbofuran normally degrades in 15 days). The 
lag can be reduced to a few days or none.

In the soil, the residues are composed both of the remnants of the original product and 
of the metabolites and active products resulting from degradation. These residues can 
be fixed (adsorbed), or even bond with the matrix of the soil more or less irreversibly. A 
portion of the residues may remain in the soil solution (bio-available fraction). Anything 
that is ‘extractable’ (by an analytical technique) and measurable represents the ‘chemical 
residue’ (= chemical persistence). If the pesticide still has a biological activity we talk 
of ‘persistence’  (consider the case of herbicides, where persistence can be desirable, 
and provides a prolonged effect, or where it can be harmful, when there is phytotoxicity 
to the following crop).

Persistence of biological action

Chemical persistence

Metabolites and 
degradation 

products

Free residues
=

Available residues
Adsorbed residues Tied residues

(fixed)

Bioavailable residues
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3. SOIL EROSION (MECHANISMS INVOLVED AND CONSEQUENCES)
3.1. Soil erosion

The term erosion is derived from the Latin word, rodere, meaning ‘to gnaw’ or ‘peck’.  
This is slopewash (the process whereby particles of soil are removed), transportation 
and deposition of soluble and solid elements of the soil under the effect of water (water 
erosion) or wind (wind erosion). It can be of natural or human origin (anthropogenic 
erosion caused by cultivation). 

Erosion is a natural phenomenon that can have beneficial, such as the deposition of fertile 
alluvia, or harmful effects. It is not, therefore, necessarily desirable to stop all forms 
of erosion, but it should be kept at an acceptable level. It has often been presented as 
a major hazard for soils either by selectively depleting the vital elements in the surface 
horizon (living or dead organic matter, clays, alluvium and nutrients) or by slopewashing 
the surface horizons, sometimes as far as the rock substrate. 

Erosion can, however, also be responsible for the rejuvenation of mountain soils and 
the formation of extremely fertile plains. Erosion becomes a problem when soil loss 
considerably affects productivity, which is unfortunately the case in a large part of sub-
Saharan Africa.

Soil erosion is generally the most visible element of soil degradation and is certainly 
the most extensively studied physical process, especially erosion by water. Indeed, many 
naturally depleted tropical soils that have a low cation exchange capacity are, by their 
very nature, prone to erosion and runoff even if the slopes have only a slight gradient. 
Water erosion is predominant in sub-Saharan Africa, except in arid zones where wind 
erosion is the primary factor.

Soil affected by erosion loses its structural stability and its aggregates are broken up. 
A compact crust forms on the surface.  This is covered by an impermeable film, which 
considerably lowers the infiltration rate and increases runoff. The available water reserves 
are diminished, partly due to the loss of organic matter and partly due to reduced rooting 
depth. This inhibits plant growth and the potential for biomass production, which is 
particularly significant in marginal and semi-arid sectors.

Insufficient is known about erosion-induced loss of productivity in various soils. Different 
soils have different patterns of decline in productivity, but the greatest erosion-induced 
loss of yield appears to occur in less fertile soils. Crops in the Sahel region often exhaust 
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nutrients because the fallow periods have been reduced or stopped altogether, and 
inadequate quantities of fertilizer and manure are applied. Erosion further accentuates 
these losses.

3.2. Water erosion

The main process involved in water erosion is the impact of water droplets on the soil. 
A raindrop is, in itself, an erosion agent: the soil particles become detached under 
the impact of the drops and are displaced by the surface runoff, which destroys the 
structure of the bare soil. Several factors affect the actual rate of water-induced soil 
erosion: rainfall erosivity, the erodability of a given soil, topography, vegetation cover, 
the production system and soil conservation practices.

• Rainfall erosivity is the ability of rainfall to cause erosion. It is a function of the 
physical characteristics of rainfall: energy, intensity and duration. Erosion due 
to impact – raindrops falling onto the soil and splashing – is directly related to 
the energy of the rain. In the Tropics, erosivity is linked loosely with the average 
annual precipitation in a given location. When the annual average rainfall doubles, 
there is also an approximate two-fold increase in erosivity.

• Soil erodibility is an indicator of the vulnerability of a soil to erosion. Some soils 
erode more easily than others under similar conditions. Clay is more resistant 
than sand, and the amount of organic matter present in a soil boosts its resistance 
to erosion.

• Topography is important: in general, the steeper and longer the slope, the greater 
the degree of erosion. However, considerable erosion occurs in many regions of 
sub-Saharan Africa where the slopes have a gradient of less than 1%. On the other 
hand, in the densely populated areas of more humid high ground, cultivation on 
steep slopes is one of the causes of accelerated erosion.

• Cover is usually the most important factor of all. When the soil is completely 
covered by vegetation, erosion is virtually non-existent, because the rain does not 
fall directly onto the soil surface – which is the primary cause of water erosion. 
In West Africa, annual erosion under natural forest cover is less than 0.5 tonne 
per hectare, even for slopes of up to 65%. The extent of erosion on bare soil with 
equivalent slopes is up to 1000 times greater. A distinction must, however, be made 
between a ‘canopy’, which towers over the soil by a few metres or tens of metres, 
and litter, which covers the soil surface and absorbs not only the impact of the 
rainfall and releases it without further damage, but also intercepts the destructive 
energy of runoff. Whereas it is not always easy to increase plant density, there 
is nowadays a trend towards direct seeding and weed management, the use of 
leguminous cover crops or leaving crop residues on the soil surface. To reduce 
erosion by 50%, just 30% litter cover or 60% canopy cover to a height of 50 cm 
is required! The rate of runoff and erosion can be particularly high in semi-arid 
regions due to poor vegetation cover, especially at the start of the rainy season.

• Production systems and conservation practices also have very marked effects on 
the level of erosion. Production systems affect soil losses in different ways. Erosion 
depends both on the crop itself and the way in which it is cultivated. Weeding in 
sloping coffee fields exacerbates soil losses whereas well maintained mulching 
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prevents erosion. Ploughing in the direction of the slope (up and down the slope) 
usually triggers greater erosion than the contour ploughing method (along the 
direction of the contour) that is normally recommended.

Of all the water that hits the topsoil under intense rainfall, part of it infiltrates the soil and 
the rest forms the through-flow, both accumulating in the nearby natural depressions 
of the landscape and flowing through until it finds other natural deposit areas (plains 
and drainage systems). As the through-flow gradually increases, its speed and volume 
are accentuated along with its ability to trigger erosion. The critical rate of through-flow 
at which entrainment of the detached particles is initiated is 5 m/s in sandy soils and 8 
m/s in clayey soils. On a landscape scale, water erosion is manifested by the formation 
of rills or gullies.

Erosion-induced gully formation.

The gullies can reach a depth of several metres if the soils do not contain any structural 
elements (i.e. have low clay content and very low organic matter content). Water erosion 
triggers a significant amount of sedimentation in the landscape. However, not all of the 
eroded matter reaches water courses: approximately 80 to 90% of the sediment is re-
deposited beforehand.

Water erosion is exacerbated by poor agricultural practices leading to excessive runoff 
and the transportation of sediment. If the crop residues are removed and organic inputs 
are inadequate to offset losses, the existing organic matter rapidly mineralises under the 
effect of raised temperatures and its content falls below 0.6%, which is the structural 
stability threshold. The soil structure breaks down, soil capping occurs and the pores 
become clogged, thus considerably reducing infiltration. 

Intense rainfall combined with soil capping triggers runoff and erosion that can accelerate 
rapidly. The consequences of water erosion are as follows: loss of elements from the 
upper soil layer; the formation of gullies and ravines; the sedimentation or deposit of 
suspended matter; water pollution (sediment in fine suspension or toxic agricultural 
or industrial waste products); and the filling of beds in downstream water courses.
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prevents erosion. Ploughing in the direction of the slope (up and down the slope) 
usually triggers greater erosion than the contour ploughing method (along the 
direction of the contour) that is normally recommended.

Of all the water that hits the topsoil under intense rainfall, part of it infiltrates the soil and 
the rest forms the through-flow, both accumulating in the nearby natural depressions 
of the landscape and flowing through until it finds other natural deposit areas (plains 
and drainage systems). As the through-flow gradually increases, its speed and volume 
are accentuated along with its ability to trigger erosion. The critical rate of through-flow 
at which entrainment of the detached particles is initiated is 5 m/s in sandy soils and 8 
m/s in clayey soils. On a landscape scale, water erosion is manifested by the formation 
of rills or gullies.

Erosion-induced gully formation.

The gullies can reach a depth of several metres if the soils do not contain any structural 
elements (i.e. have low clay content and very low organic matter content). Water erosion 
triggers a significant amount of sedimentation in the landscape. However, not all of the 
eroded matter reaches water courses: approximately 80 to 90% of the sediment is re-
deposited beforehand.

Water erosion is exacerbated by poor agricultural practices leading to excessive runoff 
and the transportation of sediment. If the crop residues are removed and organic inputs 
are inadequate to offset losses, the existing organic matter rapidly mineralises under the 
effect of raised temperatures and its content falls below 0.6%, which is the structural 
stability threshold. The soil structure breaks down, soil capping occurs and the pores 
become clogged, thus considerably reducing infiltration. 

Intense rainfall combined with soil capping triggers runoff and erosion that can accelerate 
rapidly. The consequences of water erosion are as follows: loss of elements from the 
upper soil layer; the formation of gullies and ravines; the sedimentation or deposit of 
suspended matter; water pollution (sediment in fine suspension or toxic agricultural 
or industrial waste products); and the filling of beds in downstream water courses.

3.3. Wind erosion

Wind erosion attracts less attention than erosion by water because its effects are 
generally limited to dry, less populated areas. Its significance should not, however, be 
underestimated. Although generally considered a serious problem only in arid or semi-
arid regions, wind erosion can develop anywhere where favourable soil, climatic and 
vegetation conditions prevail, i.e. if:

• the soil is loose, dry and quite finely crumbled;

• the soil surface is relatively flat and vegetation cover either absent or sparse;

• the field is sufficiently extensive;

• the wind is sufficiently strong to trigger the movement of particles.

Landscape conducive to wind erosion

Although these conditions usually prevail in arid or semi-arid regions, they can also 
develop in sub-humid or even humid zones. Thus in certain sandy soils in the United 
States receiving 750 mm or more of rainfall, market garden crops and even open-field 
crops are often damaged by wind erosion. Peat soils, even if suitably irrigated, sometimes 
require a specific form of protection. Finally, shoreline strips are difficult to protect, even 
in regions with very high rainfall.

The most vulnerable locations share three characteristic features: a recurrent lack of 
moisture, which limits plant growth; moderate to strong winds when the soil is bare or 
remains poorly protected at times of new growth; and last, but not least, a predominance  
– or at the very least, extensive perimeters – of sandy soils or soil containing high 
proportions of sand.

Wind erosion can cause a variety of problems (serious (sometimes fatal) diseases for 
urban and rural inhabitants, domestic and wild animals; damage to crops, especially in 
the very early stages of growth; enclosures, ditches and canals silted up or covered with 
sand; grass, trees, bushes and hedges smothered or buried; insect pests and weed seeds 
transported by the wind to healthy fields). Soil loss often occurs to the point where the 
roots of seedlings or ungerminated seeds are stripped bare, thus jeopardising the crop.

Changes to the texture of the soil are by far the most serious repercussion. The finest 
fractions (alluvium, clay and organic matter) are removed and carried away by the wind, 
leaving only the coarser elements in their wake. This separation removes the soil’s 
most beneficial components in terms of productivity and water retention, eventually 
leaving it even more susceptible to this type of erosion. The successive removal of these 
components by the wind finally creates conditions whereby plant growth is reduced to a 
minimum and the soil is even more prone to erosion. Measures to prevent erosion are 
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increasingly difficult to implement. In extreme cases, the sand drifts and forms unstable 
sand dunes that invade adjacent land.

The transportation of particles mobilised by the wind varies depending on the size of 
the matter, wind speed and turbulence. In soils containing a mixture of different sized 
aggregates, the minimum wind speed required to initiate particle movement is around 20 
km/h, 30 cm above the soil. When the grains of earth are dislodged and soil movement 
is triggered, the impact of the particles has a strong, abrasive action on the surface. This 
abrasion breaks up clods of earth, destroys stable crusts, wears away crop residues and 
damages living plants. The moving grains fragment the clods of earth into vulnerable 
particles and weaken the protective capacity of the vegetation cover. The more extensive 
the area, the greater the impact of the particles dislodged by the wind.

Soil texture, the condition of the particles and the stability of the aggregates are the 
main factors that govern soil susceptibility to wind erosion. Soils with a coarse texture, 
namely sandy alluvia, alluvial sands and ordinary sand, are the most vulnerable: 
susceptibility to wind erosion is all the greater, the higher the percentage of sand. 

Humidity, organic matter content, the proportion of clay, calcium content and the activity 
of soil micro-organisms are some of the many factors that influence the stability of 
particle aggregates. 

3.4. Erosion caused by ploughing and bad cultivation practices

Ploughing leads to marked displacement of soil down the slope and to the formation 
of dust clouds. Both these processes, the intensity of which depends on the tools being 
used, the speed at which the tool advances and the working depth, are covered by the 
umbrella term ‘mechanical erosion’ or ‘erosion by cultivation’.  

Cultivation methods can enhance the clod-like consistency of the surface layer or, 
alternatively, loosen this layer. In arid regions (and in dry soil), repeated cultivation 
generally aggravates the risk of erosion, especially when penetrating mechanical 
instruments are used such as the single or double row disc harrow or the disc plough. 
Weeding and overgrazing remove the protective cover of plants or crop residues from 
the soil, considerably increasing the risk of erosion. Erosion by ploughing is a rather 
localised phenomenon, restricted to the confines of the plot, and its consequences 
essentially involve redistribution of nutrient substances such as nitrogen, phosphorus 
and organic carbon within the plots. On sloping lands, ploughing in the direction of the 
slope increases the risk of water erosion.

The disappearance of plant cover, especially trees, undoubtedly contributes to soil 
leaching and the emergence of laterites. The following have been identified as the main 
causes of deforestation: 

1. forest fires for plot clearance

2. spontaneous brush fires

3. uncontrolled pasture fires

4. the illegal use of wood (wood charcoal, timber, etc.)

5. the collection of wood for fuel.
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increasingly difficult to implement. In extreme cases, the sand drifts and forms unstable 
sand dunes that invade adjacent land.

The transportation of particles mobilised by the wind varies depending on the size of 
the matter, wind speed and turbulence. In soils containing a mixture of different sized 
aggregates, the minimum wind speed required to initiate particle movement is around 20 
km/h, 30 cm above the soil. When the grains of earth are dislodged and soil movement 
is triggered, the impact of the particles has a strong, abrasive action on the surface. This 
abrasion breaks up clods of earth, destroys stable crusts, wears away crop residues and 
damages living plants. The moving grains fragment the clods of earth into vulnerable 
particles and weaken the protective capacity of the vegetation cover. The more extensive 
the area, the greater the impact of the particles dislodged by the wind.

Soil texture, the condition of the particles and the stability of the aggregates are the 
main factors that govern soil susceptibility to wind erosion. Soils with a coarse texture, 
namely sandy alluvia, alluvial sands and ordinary sand, are the most vulnerable: 
susceptibility to wind erosion is all the greater, the higher the percentage of sand. 

Humidity, organic matter content, the proportion of clay, calcium content and the activity 
of soil micro-organisms are some of the many factors that influence the stability of 
particle aggregates. 

3.4. Erosion caused by ploughing and bad cultivation practices

Ploughing leads to marked displacement of soil down the slope and to the formation 
of dust clouds. Both these processes, the intensity of which depends on the tools being 
used, the speed at which the tool advances and the working depth, are covered by the 
umbrella term ‘mechanical erosion’ or ‘erosion by cultivation’.  

Cultivation methods can enhance the clod-like consistency of the surface layer or, 
alternatively, loosen this layer. In arid regions (and in dry soil), repeated cultivation 
generally aggravates the risk of erosion, especially when penetrating mechanical 
instruments are used such as the single or double row disc harrow or the disc plough. 
Weeding and overgrazing remove the protective cover of plants or crop residues from 
the soil, considerably increasing the risk of erosion. Erosion by ploughing is a rather 
localised phenomenon, restricted to the confines of the plot, and its consequences 
essentially involve redistribution of nutrient substances such as nitrogen, phosphorus 
and organic carbon within the plots. On sloping lands, ploughing in the direction of the 
slope increases the risk of water erosion.

The disappearance of plant cover, especially trees, undoubtedly contributes to soil 
leaching and the emergence of laterites. The following have been identified as the main 
causes of deforestation: 

1. forest fires for plot clearance

2. spontaneous brush fires

3. uncontrolled pasture fires

4. the illegal use of wood (wood charcoal, timber, etc.)

5. the collection of wood for fuel.

Forest fire for plot clearance The felling of trees increases the risk of soil erosion
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4. SOIL PROTECTION (PREVENTIVE METHODS)

Usually, it is not the adoption of a single method but a combination of many, which affords 
the best protection for cultivated land. The more intensively a farmer uses his land, the 
more cautious he must be with choice of cultivation practices. Regardless of the system 
used, action must be taken to prevent erosion in order to maintain the productivity and 
physical condition of the soil.

4.1. Water erosion control

Water erosion control in productive soils must be closely linked with current integrated 
farming practices, the principles of which include: the judicious use of land (crop 
rotation), cultivation systems, maintenance of cover crops where possible, integrated 
application of fertilizer, compost and manure as well as improved cultivation practices. 

Special erosion control methods frequently complete or enhance the efficacy of standard, 
clearly understood, farming methods such as: contour ploughing, cultivation in strips 
or ridges, use of stone bunds, the construction of terraces and other site-specific 
interventions.

 ■ The use of cultivable land (crop rotation)

The way in which the land is used has significant repercussions on soil productivity and 
erosion. The producer must, therefore, assess the best way of using each plot of land and 
should determine the risk of soil erosion associated with a particular method. Crops affect 
the soil structure through the activity of their root system and the quantity of organic 
residues released by roots and foliage which may be buried in the soil. The root system 
of grasses contributes greatly to the soil structure and binds the aggregates together. 
Tap roots penetrate the soil to considerable depth. When they die and decompose, they 
leave passages through which water can penetrate into the deeper layers of soil and 
where the roots of other plants can easily grow. Intercrops, including vegetables and 
cereals, usually lack root systems that contribute to soil structure.

Numerous experiments have been carried out to compare the significance of erosion 
and runoff in different crops, grassland and rotation systems. Runoff and soil loss are 
always more prevalent in row crops, which require frequent cultivation and leave only 
a few residues after harvesting. In all probability, these will face severe erosion.

Erosion can be reduced by allowing areas to lie fallow or by planting forage plants, 
grass/legume mixes, etc.  Crop rotation can improve the soil structure through the 
root system of the forage plants used in the rotation and by the relatively extensive 
application of organic matter, which can be incorporated into the soil. The type of crops 
used in rotation will depend on the region in which it is being practised, the climate, 
water resources, soil type, topography, economic benefits, customs and other factors.

 ■ The application of organic matter

Well maintained soils have a granular structure (‘crumbly texture’). These soils are 
porous and tend to absorb rainfall. Generally speaking, the best way to obtain stable 
aggregates and a crumbly texture is to apply organic matter to the soil. Most cereals 
can reinstate a large amount of organic matter into the soil provided that the residues 
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are ploughed in after harvesting. Conversely, most vegetable crops release only a very 
small amount of organic matter into the soil and additional input is needed because 
fertiliser and manure help to control erosion.

 ■ Direct seeding (minimal cultivation)

This method does not involve any ploughing. A cover crop is sown, which will fix the 
nitrogen in the air, stabilise the soil, retain the rainfall, conserve soil moisture by reducing 
evaporation and protect the soil against the sun’s harsh, vertical, rays (no laterite is 
formed). Weeds do not grow in soil with dense plant coverage. This vegetation cover is 
then destroyed (e.g. with a total herbicide) and humid straw is strewn onto this layer. The 
crop will germinate and emerge above this protective layer, which, as it rots, releases 
mineral and organic substances into the soil. This method is already used in Madagascar.  
Direct seeding has also been used in Brazil for the past 20 years where it is now practised 
on a large scale. The yields are excellent and sustainable, and require less investment 
compared to a traditional crop (no ploughing).

 ■ Maintaining vegetation

Vegetation or vegetative cover protects against erosion in several ways:

• it absorbs the impact of rainfall;

• it provides resistance to the movement of water and slows down the rate of runoff;

• the plants’ roots help to keep the soil in place;

• the plants’ roots and crop residues help to improve the structure of the soil by 
making it more porous and thus more able to absorb the rain.

The extent to which plants and vegetation cover can protect the soil against erosion 
not only depends on their density, but also on their overall development. Dense crops 
or crops closely packed together afford optimum protection. Regardless of the type of 
crop, maximum protection can only be achieved when the crop is sturdy and the plants 
grow quickly.

 ■ Mulching before or after planting

This method involves preparing the soil 6, 8 to 12 months before planting, not mechanically 
but by putting earthworms to work on loosening and enriching the soil under a very 
thick layer of mulch. However, perennial weeds that thrive on mulch must be removed 
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from the soil beforehand. They can be destroyed either by repeated mechanical ridging 
during dry periods or by using herbicides. 

Leaving plant residues on the surface tends to lower the temperature of the soil and 
increase its water content. The litter of plant residues prevents the soil from heating up 
during the day and stops overnight heat loss. Light-coloured litter also reflects some 
of the sun’s rays. It increases the humidity of the soil by improving the infiltration of 
raindrops and slowing down evaporation on the soil surface. However, humidity, which 
is preserved under the litter, also tends to promote the germination and growth of weed 
seeds.

 ■ Green fertilizer cultivation

Green fertilizer crops are cultivated to improve the soil after ploughing. The soil is 
essentially improved through the fixing of nitrogen by leguminous plants and the 
application of readily decomposable organic matter when the crop is ploughed back in. 
As it is mostly done to increase the nitrogen content of the soils, leguminous plants are 
generally used as green fertilizer.

 ■ Related erosion control methods

Cultivation following the contour lines is a method that consists of cultivating crops in 
lines and operating agricultural machinery across the slope. This method facilitates soil 
and water conservation because each row acts as a barrier preventing the through-flow 
of water. Ploughs, cultivators and other ploughing machinery working across the slope 
hollow out a small reservoir, which holds water and reduces runoff. 



103

CHAPTER 3

Tests have confirmed that contour ploughing cuts soil loss by 50% on slopes with a 
gradient of 4 to 6 percent. Water loss by runoff is also halved. Since humidity is often an 
important factor in plant production, contour ploughing helps to boost yields.

Construction of soil ‘barriers’ to limit water and wind erosion in Tunisia

(Photo: B. Schiffers)

Ploughing in lines running perpendicular to the slope to retain water and limit erosion in Tunisia  

(Photo: B. Schiffers)

A terrace is a backfill of earth, or a combination of a rill and a backfill, constructed 
perpendicular to the slope, at set intervals. There are several types of terrace. A terrace can 
comprise a dyke and a channel, in earth or stone, systematically arranged perpendicular 
to the incline in order to intercept the water that flows through the soil by triggering its 
infiltration or evaporation. Terraces defend soil against erosion by shortening the slope 
and leading the runoff water towards an outlet, perpendicular to the slope, at a speed 
that does not cause erosion. 

Tiered terraces also reduce the incline. Halving the slope, which can be achieved by 
constructing terraces, has the effect of reducing soil loss by more than 20 percent. 
A few divergent channels (contour bunds) often have to be constructed.  These are 
small ditches, which intercept the surface through-flow of water originating upstream. 
Cultivation must always run parallel to the terraces. When terraces are parallel, it is 
not difficult to plant, carry out cultivation practices or harvest the crop.



104

CHAPTER 3

There are several types of terrace:
Diversion ditches are used to separate raised, non-
arable land from flat, cultivated land. They follow the 
contour line and intercept water descending from 
upstream points, which could otherwise seriously erode 
the arable land, depending on the degree of exposure.

 Ridges and backfills are small, raised areas of land 
constructed along the contour line to halt the flow of 
water running off the slopes. On arable land, they are 
constructed below the interception ditches to guide the 
runoff water away from cultivated land. They have a 
similar function in more upstream locations on slopes 
prone to erosion, which can be wooded or planted with 
fruit trees.

 Tiered terraces – the oldest form of mechanical 
protection – have been used for centuries. Their 
construction involves a considerable amount of work 
because the sloping land has to be transformed into a 
series of platforms, the almost vertical embankments 
usually being constructed from stone or earth covered 
by vegetation that firmly adheres, e.g. leguminous 
climbing plants.

Platform terraces arranged in the form of arches are 
the most economical option because they are not 
continuous. They are constructed on the side of the 
slope in small platforms so that a tree can be planted 
on each one. They follow the contour lines, and the 
slopes separating them must be covered with vegetation.

Protective hedges are hedges formed by trees or shrubs planted very closely together 
and running parallel to the contour lines (or at least across the slope) to slow down the 
runoff and trap the sediment, finally resulting in the formation of terraces. 
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Strip cropping is a method that consists of planting alternate strips of various crops 
following the contour lines across the slope. Grassy strips are similar to protective 
hedges in terms of structure and effect, but grassland species are used instead of woody 
perennials. Soil losses in sloping cultivated fields are between 25 and 30% lower than 
those recorded when cultivation follows the direction of the slope. Strip cropping to 
control erosion is mainly carried out on slopes that are too steep for terrace construction.

Stone bunds are small stone structures (usually 25 to 30 cm high) that follow the 
contour lines and are constructed in a trench for deeper anchorage. These structures 
are permeable; they slow down and filter the through-flow of rainwater. These structures 
collect the runoff water at the bottom of the slopes in semi-arid regions.  However, they 
are also used on the sides of the slopes in humid regions.

Construction of stone bunds

The strangest and most ingenious soil and water management system is undoubtedly 
the  ‘transported earth gardens’  used for the cultivation of vegetables. Irrigated market 
gardens have long since been a typical feature of the Dogon plateau (Mali). 

The Dogon inhabitants simply construct a network of ‘stone squares’ on bare rock and 
then fill in these squares with alluvium and soil mainly obtained from the riverbed. 
Manure is added to create fertile soil for cultivation.
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4.2. Wind erosion control

An analysis of wind erosion mechanisms highlights 4 methods of defence:

• The formation or returning to the surface of aggregates or clods of earth that are 
of adequate size to resist the force of the wind;

• The maintenance of an undulating surface to slow down the wind and retain any 
moving soil;

• The creation and preservation of vegetation or plant residues to protect the soil.

• The creation of windbreaks or barrier strips at intervals in order to reduce wind 
speed (crops vulnerable to erosion must follow more resistant crops, and strip 
cropping within a cereal/fallow rotation framework is usually beneficial when 
combined with leaving plant residues on the surface);

Living or dead plants provide effective protection against the action of the wind. Not 
only do they reduce its surface speed but also absorb a considerable part of its force. 
In addition to protecting crops against the wind and sand abrasion, the vegetation also 
offers the advantage of retaining moving soil particles. This is the only permanent and 
effective soil defence mechanism. Any practice that reduces vegetation cover to the extent 
that the soil is left unprotected should be strictly prohibited. After harvesting, the plant 
residues left in place continue to protect the soil, just like the growing plants. The relative 
efficacy of the various categories of plant residues has not been accurately calculated. 
However, some observations made in the United States would seem to confirm that fine 
texture residues – like those of small grain cereals – afford better soil protection than 
coarser stalks such as sorghum or maize, when applied in equal quantities. In crops 
planted in close proximity (30 to 35 cm apart or even less), the direction of the rows has 
little effect on the protection provided by the plants. Conversely, with wider-spaced rows 
(sorghum or maize, for instance), the soil is better protected if the rows are positioned 
perpendicular to the direction of the prevailing winds.

Windbreaks – shelterbelts of trees, hedges etc. – through resisting and diverting the 
air current, they slow down the wind speed over some distance close to the surface and 
provide a line of defence against erosion. These must be installed prior to planting so as 
to afford effective protection right from the outset. The windbreaks must be given water 
and nutrients.  A space must also be left between the windbreak and the first row of the 
crop being protected to prevent competition between windbreak and crop.

The efficacy of a barrier depends on several factors including the speed and angle of 
attack of the wind and the configuration, thickness, height and ‘porosity’ of the obstacle. 
Although only extremely effective over relatively short distances, locally barriers can be 
very useful for protecting not only fields but also houses, water points and paths, etc., 
from the wind. In the case of an average tree screen facing the wind, the percentage 
slow-down fluctuates between 60 and 80 % in the immediate vicinity of the screen, on 
the sheltered side. At a distance equal to twenty times the height of the screen, a value 
of just 20 % is recorded, subsequently dropping to zero when the distance reaches 30 
to 40 times the height of the screen. If the wind blows at 30 km/hour, a slowing down 
rate of 50% will reduce its speed to 15 km/h affording total protection, but, if the wind 
blows at 80 km/h, its speed will still be 40 km/h after slowing down. The drop will not, 
therefore, be enough to prevent soil entrainment. Consequently, the area afforded total 
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protection by the windbreak is shortened as the wind speed increases. Hence, in practice, 
obstacles must be positioned fairly close together. The screens must be erected at 
intervals not exceeding ten times their height in order to provide effective protection 
against wind erosion. For instance, if the height is 6 m, screens should be erected no 
more than 60 m apart. 

Types of windbreak used for bean crops in Kenya and Senegal 

(Photo: B. Schiffers)

Unfortunately, plant windbreaks have the disadvantage of extracting a certain quantity 
of water and nutrients from adjacent crops. Behind mature trees or various types of 
hedge, the crop yield may well be reduced over a distance of 15 to 30 m, or even more. 
This suppressive effect is particularly marked in dry regions, especially behind mature 
tree screens. The situation can be alleviated by digging a trench along the length of the 
screen so as to prevent access to the field by the tree roots.

The effects of the wind can be overcome by constructing barriers, by stabilising sand 
dunes with local plants and by re-afforestation. The trees play several roles: they help 
to bind the soils, act as a windbreak, boost soil fertility and allow soils to absorb water 
in the event of heavy rainfall. 

Construction of barriers to prevent sand dunes from advancing

The screens are constructed with local shrubs or dried palm trees (Photo FAO, P.Cenini)
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5.  INTEGRATED SOIL FERTILISATION (SOIL ANALYSIS AND 
MANAGEMENT OF INPUTS)

5.1. The principles of integrated fertilisation

Integrated fertilisation is one of the components of integrated agriculture. Based on 
quantitative and qualitative production objectives, the farmer adjusts the fertilizer input 
taking into account the characteristics of the local environment (soil, climate, proximity 
of surface water or catchment areas). This method of fertilisation seeks to incorporate 
environmental constraints, particularly the preservation and restoration of soil and 
water quality. The aim is to provide each crop with sufficient fertiliser for its nutrition, 
by adjusting the timing of applications to meet the crop’s requirements and avoid any 
excess: “The right dose at the right time”. In the case of nitrates, for example, this 
involves careful determination of the application method and quantity to be applied to a 
plot to meet crop requirements and to limit the risk of water pollution through surplus 
migration. Nitrates are poorly retained by the soil so applications should be made when 
the plant is ready to absorb them in order to prevent leaching to the water tables.

Needs of the crop

Remains of previous crops

Fertilizer input

Soil mineralization

The type and quantity of fertilizer to be applied in order to increase crop yield and to combat 
erosion more effectively vary considerably, depending on the soils and crops. Integrated 
fertilisation therefore involves an expert evaluation of plant nutrition. Appropriate fertiliser 
and the optimum fertilizer application rate must be selected with due care and attention. 
Soil analyses should be used together with the results of fertilisation experiments and 
observations of the robustness of the crops.  Symptoms highlighting fertilizer deficiency 
should also be investigated.

Nitrogen (N), phosphorous (P) and potassium (K) are the main fertilising components. 
These elements are lacking in most soils. However, plants also need trace elements 
such as sulphur, boron, manganese, copper, zinc and molybdenum in order to ensure 
healthy growth and effective resistance to disease. In the absence of some of these 
trace elements, deficiency symptoms can affect the crop and reduce the yield. Soil 
analyses are, therefore, beneficially supplemented by regular foliar analyses on the 
basis of which integrated fertilisation can be considered, with each plant having its 
own specific requirements.
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5.  INTEGRATED SOIL FERTILISATION (SOIL ANALYSIS AND 
MANAGEMENT OF INPUTS)

5.1. The principles of integrated fertilisation

Integrated fertilisation is one of the components of integrated agriculture. Based on 
quantitative and qualitative production objectives, the farmer adjusts the fertilizer input 
taking into account the characteristics of the local environment (soil, climate, proximity 
of surface water or catchment areas). This method of fertilisation seeks to incorporate 
environmental constraints, particularly the preservation and restoration of soil and 
water quality. The aim is to provide each crop with sufficient fertiliser for its nutrition, 
by adjusting the timing of applications to meet the crop’s requirements and avoid any 
excess: “The right dose at the right time”. In the case of nitrates, for example, this 
involves careful determination of the application method and quantity to be applied to a 
plot to meet crop requirements and to limit the risk of water pollution through surplus 
migration. Nitrates are poorly retained by the soil so applications should be made when 
the plant is ready to absorb them in order to prevent leaching to the water tables.

Needs of the crop

Remains of previous crops

Fertilizer input

Soil mineralization

The type and quantity of fertilizer to be applied in order to increase crop yield and to combat 
erosion more effectively vary considerably, depending on the soils and crops. Integrated 
fertilisation therefore involves an expert evaluation of plant nutrition. Appropriate fertiliser 
and the optimum fertilizer application rate must be selected with due care and attention. 
Soil analyses should be used together with the results of fertilisation experiments and 
observations of the robustness of the crops.  Symptoms highlighting fertilizer deficiency 
should also be investigated.

Nitrogen (N), phosphorous (P) and potassium (K) are the main fertilising components. 
These elements are lacking in most soils. However, plants also need trace elements 
such as sulphur, boron, manganese, copper, zinc and molybdenum in order to ensure 
healthy growth and effective resistance to disease. In the absence of some of these 
trace elements, deficiency symptoms can affect the crop and reduce the yield. Soil 
analyses are, therefore, beneficially supplemented by regular foliar analyses on the 
basis of which integrated fertilisation can be considered, with each plant having its 
own specific requirements.

Symptoms of magnesium deficiency in radish

Symptoms of nitrogen and/or phosphorous deficiency in broccoli

Most of the nitrogen and sulphur contained in the soil and part of the assimilable 
phosphorous are found in the organic matter in the surface layer. The replacement of 
organic matter to ensure the availability of these three important fertilizer components 
is, therefore, essential in order to restore the condition of the eroded soils. 

Manure is important because it not only provides plant nutrients but also organic matter. 
Its use may be indicated especially when it comes to maintaining the necessary amount 
of organic matter in the soil; for example, when crops produce only a small quantity of 
residues or when most of the residues are removed from the soil. The plant nutrient 
content of manure varies considerably depending on its origin and the quantity of straw 
or other substances it contains. Similarly, plant nutrient losses from manure, particularly 
nitrogen and potassium, can be high if the manure is exposed to substantial leaching 
due to poor storage or improper handling.

Fertiliser and manure are acidifying agents: This fall in pH must therefore be offset 
by liming, which has a positive effect on soil structure by indirectly influencing both its 
acidity and natural activity. 
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Liming is one of the oldest practices of soil use and is extremely important. If a soil 
is acidic, liming must be the first step to restoring its fertility. 

Lime is usually reasonably priced. It not only corrects acidity but also provides calcium 
(and sometimes magnesium) and facilitates the absorption of phosphorus. Many plants 
respond to lime but leguminous plants are particularly hungry for it. Consequently, when 
cultivation of grasses and leguminous plants is required in order to protect soils against 
erosion, they must be given sufficient lime in order to ensure their emergence and growth. 
Eroded soils usually contain much higher overall quantities of calcium, magnesium and 
potassium than the initial arable layer. The impact of losing these elements therefore 
depends not only on the extent of the erosion, but also on the potential reserves in the 
sub-soil and the deeper layers reached by plant roots.

Furthermore, the excessive spread of fertiliser 
(nitrogen and phosphorous) has adverse effects 
on the environment and on the surface waters 
in particular. 

Water courses invaded by algae due to the excessive use of 

fertiliser

Eutrophication refers to the imbalance that arises from excessive nutrient input: nitrogen 
(nitrates, for instance), carbon (carbonates, hydrogen carbonates, organic matter, etc.) 
and especially phosphorus. As phosphorous is generally the limiting factor in natural 
aquatic media, its compounds, especially phosphates, trigger the rapid onset of the 
eutrophication process. The major disadvantages of eutrophication are diminished 
biodiversity and a decrease in the quality of the water resource.

5.2. The basic laws behind integrated fertilisation

The practice of integrated fertilisation is based on the application of 3 general laws:

 ■ The act of restitution or advancement

Within the crop rotation framework, this basic law focuses on the static aspect of 
preserving fertility. The export of minerals by crops and losses from the plot must 
be offset by restorative measures to maintain the chemical fertility of the soil. As a 
safety measure, it is preferable in practice to replace the ‘restitution’ concept by that of 
‘advancement’  in seeking optimal crop nutrition. Depleted soils must be given stronger 
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fertilizer for more demanding crops. Contrary to rich soils, and for less demanding 
crops, the deadlock in terms of PK fertiliser can be controlled. However this rule is 
inadequate because it does not take account of existing soil deficiency. Many soils are 
naturally depleted in terms of one or more nutrients and require the input of a so-called 
‘stronger’ fertilizer, which is initially essential for any intensive upgrade/development. 
Others need to be sufficiently enriched with organic matter or calcium in order to meet 
the definition of cultivated soil. 

Moreover, the soil is exposed to fertilizer losses through leaching in drainage waters 
and, towards the underground water table, by runoff and erosion. These losses are very 
low for P2O5 (less than 1 kg per hectare, per year), and low for K2O. For N, SO3 and MgO, 
however, they can amount to a few tens of kilos per hectare, per year, and even several 
hundred in the case of CaO! Determination of fertilizer input based solely on the rule 
governing exports is, therefore, unacceptable. It nevertheless allows a global approach 
to be adopted but this must be qualified by taking into account the richness of the soil, 
various losses and 'as needed' crop requirements during the growing season.

 ■ Law of less than proportional increases (Mitscherlich, 1794-1863) 

“When more fertilizer is added to the soil, the increase in yield gradually diminishes in 
relation to the increased quantities of fertiliser”. This law is expressed by a curve, the apex 
of which represents the maximum possible yield. Before a yield level is reached where 
the yield supplement obtained just covers the additional expenditure on fertilizer: the 
optimum yield is obtained (see illustration). Beyond the rate of application for fertilizer 
C, the value of the yield supplement obtained does not cover the cost of the additional 
fertilizer used (the ‘dc’ – yield supplement value is below the cost incurred in applying 
the additional fertilizer ‘D-C’).

YIELD
OPTIMUM

YIELD
MAXIMUM

YIELD

Fertilizer
application rates

A B C D

dc
db

da

da > db > dc

The mode of uptake of nutrients can alter the shape of the curve. Thus, in most cases, 
nitrogen applied in two doses achieves better results than a single dose, for the same 
total amount of active ingredient, whilst allowing improved environmental protection at 
the same time (less leaching).

 ■ Law of the minimum or interaction (Liebig, 1803-1873)

“The extent of the harvested yield is determined by the scarcest resource in relation 
to crop requirements”. In a soil with an unbalanced mineral content, the crop yield is, 
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therefore, limited to the level permitted by the scarcest element present, even if all the 
others are present in sufficient quantities. This limiting factor can generally be detected 
during soil analysis. This law also highlights the interdependence between the various 
nutrients and the need to place them in their optimum position within the ‘Soil-Plant’ 
system. Such interactions exist between all of the production factors: N and irrigation, 
N and weeding, N and fungicides, fertilisation and soil structure. 

Interaction is also likely to occur between nutrients: 

• in the soil: some elements mobilize another element; thus sulphate and ammonium 
nitrate promote the solubilisation of P2O5 in alkaline soils;

• in plant nutrition: for example, the absorption of a part of nitrogen in the form of 
NH4 promotes the uptake of P2O5 by the plant.

The application of these general laws and the most recent significant findings of 
agricultural research have led to greater understanding of the biogeochemical cycles 
of the elements and the development of methods for predicting fertilizer application. 

These fertilisation predictions are becoming more widely applied. Mandatory in vulnerable 
areas within the scope of the European Directive on nitrates, the predictive calculation of 
nitrogen application rates is an essential tool for the correct management of fertilisation 
in order to effectively reconcile productivity with respect for the natural environment.
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6.  SOIL-RELATED REQUIREMENTS WITHIN THE QUALITY ASSURANCE 
FRAMEWORK

For all of the afore-mentioned reasons (risk of soil and water contamination from inputs, 
soil improvements and cultivation practices, risk of soil pollution, etc.), producers are 
responsible for optimising their evaluation of these risks and for ensuring that the 
products harvested on their land present no risk to consumer health. They are obliged 
to check that, under their cultivation conditions, they can comply with the maximum 
permissible concentration limits for each contaminant (chemical and biological). 

European legislation stipulates an obligation in terms of outcome as opposed to means 
(of achieving it). Producers are responsible for proceeding in line with the options available 
to them and their quality objectives. European legislation also stipulates compliance 
with health and plant protection quality standards but does not directly focus on the 
problem of soil conservation and preservation of fertility. These requirements have been 
incorporated into the private certification framework.

To ensure compliance with harvest standards, the producer is advised to carry out:

• a risk analysis: to identify potential contaminants, determine the probability of 
accidental contamination, specify the possible effects of this contamination and, 
on this basis, to take appropriate measures to control it;

• regular (personal) checks: to analyse the soil and the harvested produce.

Within the ‘Organic’ or ‘GLOBALG.A.P.’ certification framework, health and environmental 
risks (risk of overusing delicate soil, risk of soil degradation, etc.) should be evaluated for 
all new agricultural ‘sites’  taking the previous use of the soils (‘site history’) into account 
and all of the possible production-related consequences on border crops (‘impact of 
adjacent crops', e.g. risk of the diffusion of GMO plants, risk of drift from plant protection 
products, etc.). The results of soil, water and product analyses must be available.

Environmental requirements may be listed in certain quality reference documents 
concerning: soil type and quality, the quality and level of groundwater, the existence of 
sustainable water resources, the quality of land for agricultural production, the existence 
of cultivation methods that minimise soil erosion, the sowing of green fertiliser, the 
presence of trees and bushes at the edges of the field etc., all of the ‘evidence’ to show 
that the producer works effectively within the scope of ‘sustainable’  farming and with 
the utmost respect for the environment and for biodiversity!
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7.  APPENDICES: EROSION CONTROL METHODS (ADAPTED FROM 
THOSE USED BY ICRISAT, SAHELIAN CENTRE, NIAMEY NIGER)

A.1. Mulching using millet stalks

Scope

Soil conservation, erosion control, organic fertilisation/rain-fed crops

Objectives

To protect the soil surface against wind and/or water erosion.

To control soil exhaustion by recycling the minerals contained in the stalks.

To maintain the organic matter content of the soil.

Description

• The optimum quantity to ensure a marked mulching effect is around 1.5 to 2 t/
hectare (i.e. 2 to 3 stalks/m², or 150 to 200 g of stalks/m²). This corresponds to the 
quantity of mulch produced for a seed yield of 400-500 kg/hectare (approximately 
25-35 bales/hectare).

• The millet stalks must be placed on the soil as soon as possible after harvesting 
and left in place for as long as possible.

• After threshing, the rachis can be used to complete the mulching.

Performance

• Yield increases of 50% and above are often obtained where mulching is practised 
compared to unmulched plots.

• In one test plot, the mulching-induced increase in millet yields has averaged 90% 
over the last decade after recycling all of the annual straw production.

Scope of application

Sahelian area, rainfall of 300 to 600 mm.

Application limits

• The lack of mechanisms to guarantee the ownership of crop residues during the 
dry season combined with land rights.

• Competition between the various uses of straw (construction, livestock fodder, etc.).

• A marked reduction in beneficial effects must be anticipated at below-optimum 
rates of application (1.5 - 2 t/hectare), particularly from the erosion control 
perspective.

Recommendations

Mulching should preferably be combined with organic and/or mineral fertilizer (3 to 5 t/
hectare of manure, depending upon quality, or 30 kg/hectare of nitrogen and phosphorus) 
to increase straw production and thus satisfy competing requirements.
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A.2. Defensive hedges

Scope

Agroforestry/rain-fed crops or market garden crops

Objectives

To protect gardens, orchards or fields against the passage of animals or humans. 
Production of ligneous and non-ligneous by-products.

Description

• Defensive hedges are dense, aligned shrub formations. They are planted on the 
borders of cultivated areas and at the edges of plots, gardens or slopes.

• Hedges can be single-species or multi-species. The following species are 
recommended for hedges comprising a single tree or shrub species: Bauhinia 
rufescens, Acacia senegal or Acacia laeta, Ziziphus mauritiana.

• The following combinations of species are recommended for multi-species hedges: 
Acacia senegal and Acacia laeta, Ziziphus mauritania and Bauhinia rufescens, 
Bauhinia rufescens and Acacia macrostachya.  

• The plants are planted in a hole 0.5 m deep and 0.4 m in diameter. The distance 
between the plants is 0.5 m to 1 m. Planting is carried out during the plants’ 
dormant periods.

Performance

• 34 months after planting, A. senegal plants reach an average height of 165 cm, 
A. nilotica 230 cm and B. rufescens 285 cm. Other species grow to a height of 
approximately 200 cm.

• B. rufescens, A. senegal or A. laeta and A. nilotica produce a high biomass. They 
also form impenetrable hedges.

Scope of application

Sahelian area, average rainfall of 400 to 600 mm, sandy-alluvial to clayey soils.

Application limits

• Protection with an artificial barrier needed for the first two years.

• Use of appropriate equipment (secateurs, shears) to manage the hedges.

• Plant availability.

Recommendation

Comply with the recommended planting density and regularly maintain the hedge.
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A.3. Earthen ridges on sandy soils to control wind erosion

Scope

Conservation of soils/rain-fed crops

Objectives

Reduced risk of plants being buried by wind deposits. Control of soil degradation by 
wind erosion. Reduction in soil compactness allowing improved root growth.

Description

• Must be carried out as quickly as possible after the first rainfall exceeding 15 
mm, at the start of the winter season (dormant period).

• The height of the earthen ridge must be between 15 and 20 cm.  Ideally, it should 
be constructed using a mechanical bed former since manual bed forming is 
relatively ineffective and time-consuming.

• The seeds are sown on the earthen ridge.

• In cases where wind erosion predominates over water erosion, the earthen ridges 
must be constructed perpendicular to the prevailing dominant winds.

Performance

• In years when sowing is followed by blustery sand-filled winds, earth ridges 
increase the average survival rate of plots of millet by 15% compared to traditional 
sowing on flat ground.

• Yield increases of 60% have been obtained in test plots in the presence of active 
wind erosion (3-year average).

• Conversely, in the absence of wind erosion, millet seed yields in test plots can 
increase by approximately 10% (average over 10 years)

Scope of application

Rainfall of 350 to 800 mm on sandy soils. When rainfall exceeds 600 mm, wind erosion 
becomes relatively less significant compared with water erosion.

Application limits

A coupled cultivation unit is required.

Recommendations

• If wind and water erosion affect the same site, the earthen ridges must follow 
the contour lines and not the prevailing winds.

• Recommended organic (3-5 t/hectare of manure) and/or mineral (30 kg of N and 
P2O5 fertilizer (see data sheets 1.5, 2.7 or 2.8).
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1. ORGANIC MATTER, FERTILISER AND SOIL FERTILITY
1.1. The organic matter contained in the soil 

Organic matter (OM) is the carbonated matter produced in the main by plants, animals 
or micro-organisms. It includes carbohydrates, proteins and lipids. 

Organic matter contained in the soil comes from decayed plant and animal material. It is 
formed by the decomposing action of micro-organisms (bacteria and fungi), nematodes, 
earthworms and insects. The warmer and drier the climate, the greater the extent to which 
termites replace earthworms, but in terms of hollowing out galleries and incorporating 
organic matter, termites are less beneficial than earthworms. OM is present in the topsoil 
and plays a crucial role in preserving the structure of the soil and its ecology. 

 

Organic 
matter 

Detritivores & 
Decomposers 

Inorganic matter 
(CO2, H20, minerals) 

The organic matter returned to the soil is fragmented by organisms dwelling in the soil 
(these are known as detritivores) and finally mineralised (transformed into inorganic 
matter) by bacteria (known as decomposers). Unlike mineral substances, organic matter 
is thus often biodegradable (it can easily be recycled into compost or biogases). 

1.2. Organic and chemical fertiliser

A fertile soil comprises a mineral portion, which is formed by the erosion of the bedrock 
and the decomposition of the organic matter into minerals, and an organic portion – 
the soil humus, i.e. decomposing organic matter. A fertile soil can contain 1% to 30% 
of humus. 

The soil must contain nutrients (minerals that can be assimilated by plants or fertiliser), 
a crumbly texture allowing the roots to easily penetrate the soil and a structure that 
promotes exchanges between the air, soil solution and small active roots (root hairs). 

The nutrients required by a plant are divided into:

• major elements (high requirements): C, O, H, N, P, K, S, Ca, Mg;

• minor elements or trace elements (essential, but very low requirements; less 
than 100 mg per Kg of dry plant matter): Fe, Cu, Cl, Mn, Mo, B, Ni, Zn.

Apart from providing plants with essential nutrients, the organic matter facilitates 
aeration of the soil (providing oxygen for the respiration of the underground parts of 
the plants and the organisms living in the soil).

 

Soil particles 

Root hair Root 

 

 

Water 

Organic matter is continually recycled and the decomposition of organic matter is the 
source of the main nutrients (N, P, K and others), even when the soil also contains K 
and P resulting from the dissolving of bedrock mineral compounds in water. Soil fertility 
depends on the recycling of OM. In agriculture, the cycle is broken because anoften 
large quantity of OM (harvested plants) is removed rather than returned to the soil.

As the soil’s nutrient content is depleted with every harvest, fertiliser have to be added 
to the soil to preserve its fertility. The producer can use:

• Organic fertiliser

• Chemical fertiliser

 ■ Organic fertiliser

Organic fertiliser are composed of plant and/or animal waste that is reincorporated into 
the soil (crop residues, straw, green fertiliser, powdered bone, manure, compost and 
tree bark, etc.). Decomposition of the organic matter provides the plants with nutrients 
which are gradually released as the matter is decomposed. If the fertilizer has a high 
organic content, this method of fertilization is extremely beneficial in terms of soil 
quality: organic fertiliser provide food for soil-dwelling animal organisms and promote 
the preservation of complex food chains within the soil.  Humus, which is produced by 
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the transformation of OM, keeps the soil crumbly, aerated and able to retain moisture 
between periods of rainfall.  The presence of humus consequently limits the leaching 
of fertiliser and soil minerals, thus limiting the pollution of groundwater tables and 
adjacent water courses.

Humus:

• keeps the soil crumbly and aerated;

• allows the soil to retain water between periods of rainfall (100 times more than 
clay) without becoming compacted;

• gradually releases nutrients to plants;

• favours the development of soil organisms.

 ■ Chemical fertiliser

Chemical fertiliser are produced from minerals that can be directly assimilated by the 
plants. They mainly provide essential major elements [Nitrogen (N), Phosphorus (P) 
and Potassium (K)], that may be lacking in the soil, in the form of minerals that can be 
assimilated by the plants. They do not, however, provide the soils with humus because 
they are produced from inorganic matter. They are, therefore, of little benefit to organisms 
living in the soil. 

Chemical (inorganic) fertiliser offer a number of advantages for producers:

• the composition of chemical fertiliser can be modified depending on the soil and 
plants under cultivation.

• large quantities can be spread over the soil. High rates of application can be 
administered  several times during the season (c.f. humus-derived fertilizer 
which is released gradually);

• they are easy to handle and store. 
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Nitrogen 

21% 

 
Phosphorus 

3% 

 
Potassium 

20% 

Nonetheless, fertilizer production requires a great deal of energy (especially nitrogenous 
fertiliser). And any surplus is readily leached towards adjacent water courses instead 
of being used to promote plant growth. Their use is thus subject to discussion within 
the scope of sustainable farming and any excessive or economically non-viable use 
must be prevented.
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2. THE FORMS OF ORGANIC MATTER AND SOIL CONDITIONERS
2.1. The forms of organic matter

The form of organic matter substantially impacts upon its rate of decomposition Some 
molecules such as simple carbohydrates, starch, hemicellulose, pectins and amino 
acids can easily be degraded. Cellulose, a more voluminous polymer, is more resistant. 
Lignin and other extremely solid, aromatic, polymers will be degraded more slowly and 
incompletely (resulting in the formation of humus). N and P as well as other elements 
contained in organic matter are slowly released as it decomposes in the soil. Organic 
products are therefore used as fertiliser.

The forms of organic matter most widely used in agriculture are: manure, compost, 
liquid manure, black liquid, poultry droppings, guano and green fertiliser. In addition 
to these, numerous by-products and organic residues are produced across the globe.

By virtue of their composition, organic waste and crop by-products constitute a potential, 
virtually inexhaustible, source of organic matter, for agricultural use. 

This is especially important since the soils in tropical regions often lack organic matter. 

The by-products and residues that can be brought into use are: of animal origin (by-
products of the dairy industry, fish-meal, powdered bone or horn, blood, etc.) or of plant 
origin (residues from the drinks industry such as pulps, cereal straw, natural textile 
fibres, fruit and vegetable waste, oilcakes and oilseeds, roots and tubers, sugars and 
cellulose residues, etc.) or even municipal and domestic waste. It is important to know 
the physical state (solid, liquid or paste) of these materials and their dry matter content. 
It is vitally important to establish their chemical composition (analysis of ash, carbon, 
nitrogen and phosphorus content, the three latter being used to calculate C/N and C/P 
ratios) and to confirm the absence of any pathogens prior to using these residues.
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 ■ Manure

This comprises the excrement of herbivorous animals mixed with an exclusively plant 
litter (straw).  Manure has been used to improve soil structure and fertility for centuries. 
In fact, manure cannot be considered a real fertilizer because, on average, it contains 
only 3.5 to 6.5 kg of nitrogen, 1 to 5.5 kg of phosphoric anhydride and 5 to 7 kg of potash 
per tonne. Nonetheless, it has an irreplaceable value as a humus-enriching agent, 
microbial seeding agent and as an enzyme producer. Manure and fertilizer complement 
rather than replace each other.

 ■ Compost

Compost is the residue of the controlled decomposition of organic matter. It can be used 
as a fertilizer. The use of compost improves soil structure (input of organic matter) and 
nutrient bioavailability (nitrogen). It also boosts the biodiversity of soil organisms.

 ■ Liquid manure and black liquid

Liquid manure is a combination of livestock waste (urine and excrement) and water in 
which the liquid element predominates. It may also contain residues of bedding (straw) 
in small quantities. It is produced primarily by the pig, beef cattle and poultry rearing 
industry which seldom, if ever, uses litter for waste disposal. Black liquid is liquid waste 
produced by breeding domestic animals. It comprises mainly urine possibly supplemented 
by the liquid phase obtained from dunghills. It is a fast-acting nitrogenous fertilizer.

 ■ Poultry droppings and guano

 ■ Green fertiliser

Green fertiliser are plants that are expressly cultivated to be returned to the soil after 
ploughing in order to incorporate their organic matter into the soil.

Poultry droppings have a rich mineral salt 

content. 

‘Guano’ is the name given to the excrement 
of seabirds and bats. It is harvested on 
various Pacific islands and can be used as 
a fertilizer due to its high concentration of 
nitrated compounds. One of the attributes 
of this fertilizer comes from the blend of 
acidic excrement and calcareous (basic) soil. 
This fertilizer is included in organic farming 
specifications. 
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2.2. Soil conditioners

The role of soil conditioners is to ‘condition’ the soil, i.e. to improve its structure and 
pH, and, if possible, to eliminate any defects. The term “to improve” is too restrictive 
because soil conditioners are also used to maintain the soil and preserve its properties. 
A distinction is made between the various organic and physical soil conditioners (a few 
examples are given below) and organic ‘substrates’ (e.g. humus) or mineral ‘substrates’ 
(lava, rock wool, expanded clay and vermiculite, etc).

 ■ Organic soil conditioners

Dried manure
(indicating the animal 
species from which it 
originated)

Product obtained by heat dehydration and composed 
exclusively of solid and liquid animal excrement and possibly 
(leaf) litter.

Mixed organic soil 
conditioner

Product obtained by mixing two or more permissible 
products or mixed peat, deciduous and coniferous litter, 
plant fibres (wood fibres, linen fibres, cocoa derivatives, rice 
straw, etc.), hard wood shavings, extruded wood fibres, bark, 
sand, alluvium, clay, lava and calcium- and/or magnesium-
based fertilizer

Dried grape pulp
Product comprising the dried residues obtained from the 
pressing of grapes

Dried organic seaweed Product obtained by the dehydration and milling of seaweed 

Hardwood bark compost Product obtained by the composting of hardwood bark

Mushroom compost

Product comprising the organic culture medium resulting 
from the cultivation of mushrooms. The name can be 
accompanied by 'dried' when the product has been 
dehydrated.

Peat

Product mainly originating from plant matter formed in an 
aquatic medium. Peat is the product of the fossilisation of 
plant waste in humid, anaerobic media. Peat is used for its 
high water retention, which is particularly suitable for sowing.

Peat litter
Product originating from slightly decomposed sphagnum 
peat formed in a nutrient-depleted medium 

Horticultural peat
Product originating from markedly decomposed peat formed 
in a nutrient-depleted medium 

Coniferous tree bark 
compost

Product obtained from coniferous tree bark enriched with 
adequate fertiliser and composted under conditions that 
decompose the phytotoxic resins

 Vermicompost

Vermicompost is a product obtained from the droppings of 
earthworms engaged in the decomposition of manure. It is 
primarily used for its high content of micro-organisms that 
benefit both the soil and the plant.
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 ■ Physical soil conditioners

Synthetic organic 
soil conditioner in 
the form of foam

Product originating from the combination, under 
compressed air, of a urea-formaldehyde resin and 
a foaming product

Expanded perlite Mineral product originating from the expansion at 
high temperature of crushed volcanic rock

Colloidal silica

Product, in the form of gel or sol, formed by 
smelting sand with sodium. 
In the gel form, it can be enriched with up to 4% of 
nitrogen
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3.  THE MANAGEMENT OF AND RISKS ASSOCIATED WITH ORGANIC 
FERTILISER

3.1. The management of organic matter

Although crop yields are not directly associated with the level of organic matter in the 
soil, below a certain threshold the soil structure collapses, runoff and erosion are 
accelerated, rooting is less effective because the soil subsides and nutrients are less 
accessible. Degraded soil secures less of a return with fertiliser because water is not 
as readily available in compact soil. Not even extremely high mineral input can resolve 
all fertility-related problems and increase the yield. Preservation of organic matter is, 
therefore, a major challenge for producers.

Erosion, drainage, poor cultivation of the soil and the input of nitrogenous fertiliser (risk 
of acidification by nitrogen and other acid fertiliser, sulphates and chlorides), accelerate 
the rapid mineralisation of the organic matter and exhaust soil reserves. 

On the other hand, crop rotation, complete mineral fertiliser, ploughing that leaves 
a rough surface, minimum ploughing combined with a litter of field residues and the 
introduction of fallow periods delay the exhaustion of organic matter in the soil. We 
often ignore the importance of the mass of crop, root and, above all, weed residues that 
can be incorporated into the soil during ploughing and weeding. Nevertheless, it takes a 
short time (1 to 3 months) for the rapid recycling of nutrients contained in the biomass. 
The same applies to thick mulching (7 to 10 cm, or 20 to 25 tonnes of straw per hectare), 
which is also a highly effective method for reducing evaporation and weed growth, for 
preserving soil humidity in the dry season and for halting erosion. The repeated ploughing 
of fresh organic matter during the year maintains a certain level of organic carbon in 
the soil, but the action of inputs on the fertility of the soil and its resistance to erosion 
is, however, limited. Substantial input of matured organic matter is required in order to 
increase the carbon level by 1% in 10 cm of soil!

3.2. Environment-related risks

The use of organic fertiliser and waste can pose environmental risks despite the purifying 
capacity of the soils which varies depending on the composition of the soil, climatic 
conditions, crops and the time of year, etc.

Some organic fertiliser (liquid manures and black liquids, etc.) can thus cause environmental 
damage. The principal limitations regarding their application are due to the nitrogen 
and phosphate content. In the soil, during the nitrification process, bacteria transform 
ammonia into nitrite NO2

 –, and then into nitrates NO3
 –. Plants absorb nitrate NO3

 – ions 
through their roots. However in the form of nitrates or ammonia (NH4OH), the nitrogen 
is readily soluble in water and very mobile in the ecosystems. 

Runoff, erosion and rainfall tend to transport nitrates not taken up by the earth’s 
biomass (and thus absorbed by plants) towards lakes, rivers, oceans and groundwater. 
High concentrations of nitrates can therefore be found in well water in agricultural 
regions. The extent and rapidity of water contamination depend on the type of soil and 
the depth of the water source. The leaching of nitrates occurs more readily in slightly 
sandy soils than in clay soils.
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In order to control water pollution (non-potable water due to nitrates, green tides, etc.), 
the aim is not to exceed 170 kg of nitrogen and 80 kg of phosphorus per year per hectare. 
Liquid manures make excellent fertiliser (very high nitrogen content) but plant matter 
is sparse. They do not, therefore, reconstitute the soil humus. As they are liquids, they 
can be spread in large quantities.  However, especially in low-humus soils, they can 
be easily leached towards the water tables (groundwater) or adjacent water courses. 

Excessive spreading of liquid manure can thus pollute adjacent water courses or 
groundwater. Apart from beef cattle manure, phosphorus limits the options of spreading 
livestock waste even more than nitrogen. Given the wealth of phosphate contained in 
pig manure and poultry droppings, the maximum quantity of nitrogen per hectare when 
using these fertiliser must not exceed 120 kg and 75 kg, respectively, so as not to exceed 
the recommended limits for phosphorus.

Nitrates and especially phosphates are the main eutrophication factor in freshwater. When 
copious quantities of phosphates and nitrates are introduced into surface water, they 
trigger phytoplankton proliferation to such an extent that light can no longer penetrate. 
Aquatic plants can no longer develop properly (as photosynthesis can no longer take 
place) to the benefit of microscopic algae: cyanobacteria. 
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3.3. Health-related risks

The use of organic waste poses potential health risks, the relevance of which must be 
assessed in each individual case. They may, in fact, contain chemical products (heavy 
metals and organic compounds) as well as agents that are potentially pathogenic 
for humans, animals and plants. Liquid manure is potentially rich in agents that are 
pathogenic for animals whilst biosolids (treated sewage sludge) are more pathogenic 
for humans.

Certain uses are prohibited for this reason (e.g. the use of products extracted from 
biosolids for animal fodder; the spreading of products of animal origin on pasture to 
prevent the transmission of BSE prions (agent in 'mad cow disease'); the spreading of 
septic tank sludge) or else must be treated and controlled prior to use. In the absence 
of a specific treatment, biosolids and liquid manure can trigger nauseating odours.

The presence of nitrates above permissible limits in drinking water (50 mg/litre) or in 
vegetables (especially ‘leaf vegetables’) also poses a risk to consumers. 

Opinion remains divided as regards health problems potentially associated with nitrate 
ingestion. In the stomach and under the influence of bacteria, nitrates are transformed 
into nitrites (NO3 NO2), which are more toxic: nitrites bind with amines in adults to form 
nitrosamines (suspected to be carcinogenic). In infants, nitrites oxidise the haemoglobin 
in the blood, which can no longer bind oxygen.  This disrupts cell respiration. The cardinal 
symptoms of ‘blue baby syndrome’  are cyanosis (bluish discolouration of the skin and 
mouth), breathing difficulties and fatigue. 

4. PRODUCTION, USE AND PROCESSING OF ORGANIC WASTE
4.1. Processing and upgrading of organic waste

The concept of waste associated with human activity is largely subjective. Waste can be 
considered as “any residue from production (e.g. straw), transformation or utilisation 
(e.g. leaves, crowns, bark, etc.), any substance, material or product that is not directly 
worth recovering”. In the organic matter cycle, organic waste is the component that is 
of no immediate interest to man. 

‘Organic waste’ will be degraded in the soil, and transformed into carbon dioxide and 
water. The nutrients that it contains will resume a mineral form that can be assimilated 
by plants.  The solar energy stored in the organic molecules will be released in the 
form of heat.

Depending on the local economic context, the process of degradation can be steered in 
order to promote:

• Energy production: incineration of waste, production of biogases (coupled with 
the production of compost).

• The rapid release of nutrients by spreading on the fields (manure, liquid manure 
and biosolids). Organic waste thus substitutes fertiliser.

• The production of compost from waste as a substitute for peat or manure to 
improve soil quality.

The best way to recover OM is for the producer to select the process that best meets 
the requirements of his small-holding. Robust, reasonably priced, techniques that are 
easy to implement will be used, such as composting. 

The quantities to be produced mainly depend on the size of the small-holding. Based 
on an initial estimate, small-holding requirements can be evaluated at approximately 
1 m³ of organic by-products to be treated daily for 1 hectare.

4.2. Composting

Composting is a process that involves leaving organic waste to ferment under controlled 
conditions in the presence of oxygen in the air. Composting can, therefore, be defined as 
a controlled biological process for the conversion and recovery of organic substrates 
(biomass by-products, organic waste of biological origin, etc.) to create a stabilised, 
hygienic product similar to humus that contains a wealth of humic compounds.

Composting is a rather long process (6 to 18 months) for transforming biomass, the 
yields of which are just as low as those recorded for manure. It is, nevertheless, a useful 
practice for those who do not have any livestock or have large quantities of waste to 
process.



129

CHAPTER 4

4. PRODUCTION, USE AND PROCESSING OF ORGANIC WASTE
4.1. Processing and upgrading of organic waste

The concept of waste associated with human activity is largely subjective. Waste can be 
considered as “any residue from production (e.g. straw), transformation or utilisation 
(e.g. leaves, crowns, bark, etc.), any substance, material or product that is not directly 
worth recovering”. In the organic matter cycle, organic waste is the component that is 
of no immediate interest to man. 

‘Organic waste’ will be degraded in the soil, and transformed into carbon dioxide and 
water. The nutrients that it contains will resume a mineral form that can be assimilated 
by plants.  The solar energy stored in the organic molecules will be released in the 
form of heat.

Depending on the local economic context, the process of degradation can be steered in 
order to promote:

• Energy production: incineration of waste, production of biogases (coupled with 
the production of compost).

• The rapid release of nutrients by spreading on the fields (manure, liquid manure 
and biosolids). Organic waste thus substitutes fertiliser.

• The production of compost from waste as a substitute for peat or manure to 
improve soil quality.

The best way to recover OM is for the producer to select the process that best meets 
the requirements of his small-holding. Robust, reasonably priced, techniques that are 
easy to implement will be used, such as composting. 

The quantities to be produced mainly depend on the size of the small-holding. Based 
on an initial estimate, small-holding requirements can be evaluated at approximately 
1 m³ of organic by-products to be treated daily for 1 hectare.

4.2. Composting

Composting is a process that involves leaving organic waste to ferment under controlled 
conditions in the presence of oxygen in the air. Composting can, therefore, be defined as 
a controlled biological process for the conversion and recovery of organic substrates 
(biomass by-products, organic waste of biological origin, etc.) to create a stabilised, 
hygienic product similar to humus that contains a wealth of humic compounds.

Composting is a rather long process (6 to 18 months) for transforming biomass, the 
yields of which are just as low as those recorded for manure. It is, nevertheless, a useful 
practice for those who do not have any livestock or have large quantities of waste to 
process.



130

CHAPTER 4

Two phenomena occur in succession in a composting process:  

• First stage: organic matter is processed to produce fresh compost by intense, 
aerobic fermentation with decomposition of the fresh organic matter at a high 
temperature (50-70°C) under the effect of bacteria

• Second stage: the fresh compost is transformed into mature compost with a 
high humus content by a less stringent fermentation process. This maturation 
phenomenon, which occurs at a lower temperature (35- 45°C), leads to biosynthesis 
of the humic compounds by fungi.

Progression from the starting material towards the final stage, namely humus, depends 
on a large number of external factors such as particle size, the type of nutrients, their 
structure, level of humidity, aeration and pH, etc. On the other hand, whilst proliferating, 
the micro-organisms are constantly changing their environment, often making it non-
conducive to their development.

 ■ Advance of fermentation

Changes in temperature during the fermentation process occur in three phases:

1. The temperature quickly rises to 40-45 °C following the respiration of aerobic, 
mesophilic, micro-organisms. The most fermentable compounds such as sugars 
and starch are the first to be consumed. Aeration is essential since composting 
is first and foremost an aerobic process. Estimates show that air should occupy 
at least 50 % of the compost volume.

2. Respiration gradually raises the temperature to 60-70 °C leading to the 
replacement of mesophilic micro-organisms by thermophilic and heat-tolerant 
micro-organisms. Pathogens, parasites and weed seeds are destroyed by high-
temperature fermentation. Via respiration, the micro-organisms release heat 
such that the temperatures reached (80 °C, even over 90 °C) can be lethal for 
microbes. Care must therefore be taken not to exceed a temperature of 70 °C!
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1. The temperature quickly rises to 40-45 °C following the respiration of aerobic, 
mesophilic, micro-organisms. The most fermentable compounds such as sugars 
and starch are the first to be consumed. Aeration is essential since composting 
is first and foremost an aerobic process. Estimates show that air should occupy 
at least 50 % of the compost volume.

2. Respiration gradually raises the temperature to 60-70 °C leading to the 
replacement of mesophilic micro-organisms by thermophilic and heat-tolerant 
micro-organisms. Pathogens, parasites and weed seeds are destroyed by high-
temperature fermentation. Via respiration, the micro-organisms release heat 
such that the temperatures reached (80 °C, even over 90 °C) can be lethal for 
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3. Via respiration, the micro-organisms exhaust the oxygen from the compost heap, 
creating an anaerobic medium. Anaerobic micro-organisms subsequently develop, 
causing a drop in temperature as their metabolism is less thermogenic. They are 
particularly responsible for the release of volatile, odorous compounds (methane, 
ammonium and hydrogen sulphide, etc.). 

Fermentation is considered complete once the temperature no longer rises after aeration 
of the compost heap. At this point, the compost begins to mature: the quantity of material 
readily usable by the microflora thins out and the biosynthesis of humic compounds 
predominates. New species of micro-organisms develop as the temperature decreases 
and stabilises at ambient temperature (maturing period). The maturing phase generally 
takes place in the undisturbed airflow of a large compost heap.

 ■ Conditions for the production of compost

Composting is carried out by micro-organisms. The speed and efficacy of the composting 
process are, therefore, associated with the presence of an adequate and sufficient 
microbial population. Although the presence of these billions of bacteria and fungi is 
essential, their seeding (using composting “activators” or “stimulators”) has little or 
no effect. In fact, the spores of these micro-organisms are naturally found in sufficient 
quantities and it is far more important to monitor the creation of a compost environment 
(humidity, aeration, pH, C/N, C/P, etc.) that is conducive to their development. 

As with a crop substrate, compost aeration and humidity are linked: excess water reduces 
the quantity of air available in the compost heap. A more effective aeration system will 
thus be required. A reduction in particle size (grinding) will increase the contact area 
between the waste and the microflora, thus increasing the rate of decomposition but 
also generating weaker air-flow (risk of anaerobiosis). 

The heat released by fermentation causes a large quantity of water to evaporate. Thus 
the fermenting mass may need to be irrigated in order to maintain a humidity level of 
50 to 70 % in the fresh mass (i.e. equivalent to the field capacity for a soil). On the other 
hand, steps may have to be taken to protect against driving rain (especially in tropical 
regions) and excessive, sun-induced evaporation. Roofing will then be beneficial.

The pH falls during the first few days, subsequently increasing thereafter to a neutral 
or slightly alkaline value. Some people nevertheless advocate the addition of limestone 
or ground dolomite, marl or phosphated chalk, etc.

4.3. Principal composting methods

Numerous composting methods exist (depending on the control of the active fermentation 
phase), ranging from trench composting, more sophisticated composting in silos, to 
towers or ‘digestion tanks’. Investment in equipment is not high: purchase of a mixer if 
essential for the raw materials, construction of a fermentation shelter, acquisition of a 
sieve, fork and wheelbarrow, etc.

The composting zone needs to be constructed near a water supply point, e.g. next to a 
nursery. Planting of wind-break hedges is often desirable and will also provide compost 
materials from the maintenance of the hedges (bamboo, albizzia and eucalyptus, etc.).
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 ■ Open air composting

A canopy must be constructed above the fermenting compost in order to provide protection 
against heavy rainfall or dessication by the wind and sun.

 ■ Trench composting

This is the most traditional and practical method of composting but it soon leads to 
anaerobic conditions. The trench is dug in an isolated, sheltered location. The organic 
waste is deposited in layers twenty cm thick, alternating the products. They are then 
covered with a thick layer of straw (insulation) and a layer of soil approximately 10 cm 
deep. This method is very slow and partly anaerobic because no further quantities of 
water or air are added. It is reserved for dry climates (reduction in water losses).

To allow the mixture to ferment with minimal loss, small trenches (4 x 2 m) should be 
dug and planted with trees to provide shade, a fresh and humid atmosphere, a biomass 
rich in minerals, and, in addition, their roots will collect the leached solutions from the 
compost heap via drainage waters.

 ■ Heap composting

This is the most common method of composting. The waste matter is collected in windrows 
of an undefined length and the height of which depends on the apparent porosity of the 
compost and the type and frequency of aeration chosen (high frequency and/or aeration 
by forced ventilation allows larger compost heaps to be produced). The windrows can 
be placed between two side walls (composting “in corridors”).

 ■ Composting in bins

The waste matter is collected in aerated bins (to produce small quantities of compost).

4.4. Compost maturation test prior to use

The plant sowing test is the simplest and most reliable method. Cress (Lepidium sativum) 
and lettuce (Lactuca sativa) are currently used. The test plant seeds are sown on damp 
compost in a hermetically sealed jar. After 3 days, the level of maturity is assessed 
according to the percentage of germination and possibly the quantity of green matter 
obtained.
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5.  APPENDIX: DESCRIPTION OF AERIAL COMPOST PRODUCTION 
(ADAPTED FROM ATTIKOU, A., 1998 – AERIAL COMPOST 
PRODUCTION, NIAMEY, INSTITUT NATIONAL DE RECHERCHE 
AGRONOMIQUE DU NIGER (NIGERIAN NATIONAL AGRONOMICAL 
RESEARCH INSTITUTE)

Scope

Organic fertilisation/rain-fed crops or market garden crops

Objective

The production of low-cost organic manure using locally available materials of animal 
and plant origin.

Description

Compost is defined as a combination of materials of plant and animal origin left to 
slowly ferment. Micro-organisms are responsible for the decomposition of fermenting 
substances. After 3 months, a blackish product containing a wealth of N, P, K and trace 
elements is obtained). There are two types of compost:

• ‘Anaerobic’ compost where a trench is dug (dung heap). This technique calls for 
greater physical effort.

• The ‘aerial’ compost where the compost is constructed directly on the soil without 
a trench. This method is straightforward and is generally recommended. A 
description is given below.

Inputs

The compost is produced from available organic matter. For instance, use straw or bales 
of rice, the stems and glumes (hulls) of millet or sorghum and the manure of cows or 
sheep. In peanut-growing areas, peanut shells are indicated. Each region therefore has 
a range of organic materials (2 to 3) that it can use to make the compost. The organic 
matter (stems, straw, manure, rice bales and peanut shells) must be transported to the 
compost manufacturing and heaping site. Materials such as stems and straw must be 
chopped into small pieces measuring 5 to 10 cm. Where water hyacinth is used, it will 
be gathered the day before the compost is prepared to ensure that it is fresh when used.

Location and preparation time

The compost heap is constructed in the shade of a tree and protected using old mats. The 
compost must be mature at the time of sowing or planting.  This means that production 
must begin 3 to 4 months before sowing.

Scope of application

Composting is indicated primarily in areas with a rainfall exceeding 500 mm, but is especially 
recommended in areas with a good water supply, e.g. surface water (river, temporary pool) 
or a water table and where other sources of organic manure are unavailable.
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Application limits

• Water availability.

• Availability of sufficient quantities of manure in the village.

• Availability of a method for transporting composting materials to the production 
site and for taking the compost to the fields.
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1.  WATER RESOURCES AND PRESERVATION OF ECOSYSTEMS
1.1. Water resources

Water is a unique and limited natural resource. Water is constantly purified in the 
hydrological cycle but the total quantity of water present on our planet is fixed. Vast 
quantities of water are used for agriculture but up to 60% of the water used for irrigation 
purposes is wasted. Furthermore, the pollution of water courses and lakes also depletes 
our water resources.  Water is already a rare resource in many parts of the world, in 
terms of both quantity and quality (according to the WHO, 4 million children die every 
year from diarrhoea caused by infections that originate in water). 

Water protection and conservation are intrinsic aspects of sustainable development. 
Certain chemical pollutants have been deemed to pose a particular threat for surface 
waters given their generalised usage and high concentration in water courses, lakes and 
coastal waters. Agenda 21 – an action programme for the environment and development 
passed at the United Nations Conference (UNCED, Rio 1992) – devotes a special chapter 
to the protection and management of water resources. In Europe, a water framework 
directive (WFD) was adopted in 2000 (Directive 2000/60/EC establishing a framework 
for a community water policy, OJEC, L 327 of 22 December 2000. 

The Water Framework Directive (WFD) implements a regulation for the prevention 
and reduction of the chemical pollution of surface waters and groundwater. It aims 
to implement measures for prevention, emission reduction and production process 
control to limit the introduction of chemical substances in waters and to comply with 
“environmental quality standards (EQS)”.

Water resources available locally for producers depend primarily on precipitation (quantity 
and distribution) and on other ‘hidden’ sources (dew, mist: which can provide up to 150 
mm rainfall equivalent per annum).  Atmospheric precipitation is the main source of 
water and, to a large extent, climate patterns therefore determine agricultural potential, 
which varies considerably in a given region depending on the altitude, distance from the 
sea and even on the direction of the slopes in relation to moist winds that bring rain. 
The quantity and quality of water (e.g. salinity) are limiting factors for many producers.

The soil intercepts rainwater and stores it temporarily although the permeability of the 
soil and its capacity for storage are limited depending on its structure and composition. 
The water that accumulates in the soil can be distributed towards the atmosphere in 
gaseous form by evaporation or the transpiration of plants (evapotranspiration often 
exceeds precipitation by 50%, depending on the climate). 

Surplus liquid water can be drained off via different routes:

• if the intensity of the rainfall exceeds the infiltration capacity of the soil surface 
or if rainwater, reaching an area already saturated with water, cannot infiltrate 
the soil, the excess water flows down the slope (runoff: more marked on bare 
soil, soil with a sparse covering or soil with a limited capacity for infiltration). The 
permeability of the soil surface depends essentially on the structure and stability 
of the surface layer under the aggressive effect of raindrops. Structural stability 
depends on the texture of the soil, humus, certain cations (e.g. calcium) which 
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soil, soil with a sparse covering or soil with a limited capacity for infiltration). The 
permeability of the soil surface depends essentially on the structure and stability 
of the surface layer under the aggressive effect of raindrops. Structural stability 
depends on the texture of the soil, humus, certain cations (e.g. calcium) which 

have a stabilising effect, soil cultivation and plant cover, which protects the soil 
surface and improves permeability via the roots;

Percolation towards the water table
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Diagram to show the circulation of water on the surface and in the soil (B. Schiffers)

• If the volume of infiltrated water exceeds the soil’s storage capacities and the 
sub-soil is permeable, this excess water infiltrates vertically at depth (infiltration). 
Infiltration dictates water penetration in the upper layers of the soil and the vertical 
through-flow of this water into the soil and sub-soil. Percolation represents the 
deep, vertical movement in the soil, in the direction of the water table. Infiltration 
is essential in order to replenish water reserves in the soil, to feed groundwater 
and to build up aquifer reserves.

• If the sub-soil is impermeable (e.g. plough pan), or insufficiently permeable at 
varying depths, the water flows laterally (‘hypodermic’ throughflow).

A distinction can, therefore, be made between three types of water of varying origin and 
possessing different properties, all of which are likely to become polluted as a result 
of agricultural practices:

• rainwater likely to become polluted by the dispersion in the air of products applied 
to the soil or vegetation;

• surface waters (streams, rivers, drainage channels, pools, ponds and ditches, 
etc.) susceptible to accidental pollution or pollution by diffusion (freshwater and 
coastal sea water);

• deep waters (water tables) prone to pollution as a result of infiltration and 
percolation.

It should be noted that interlinking and contamination between these various ‘types of 
water’ are feasible, e.g. between a river and a water table.
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1.2. Runoff and the watershed

Excess water, which cannot infiltrate the soil, forms the runoff and initially drains in a 
diffuse manner within the plot following the line of the slope. Surface runoff gradually 
forms tiny channels of water, which subsequently merge to form rivulets of varying 
sizes that flow into the river at varying speeds. This is accompanied by ‘hypodermic’ 
throughflow, which is slower. 

The area of land from which all of the runoff water collects at one point is known as a 
watershed. The topography of the land usually regulates the pattern of water flow, but 
this can be disrupted by agricultural practices. 

The watershed is defined as an expanse of land drained by a water course and its 
tributaries, and limited by a water-dividing line (or crest line). It therefore corresponds 
to the area feeding a water course: any raindrop that falls in this region is likely (unless 
used by plants, etc., along the way) to flow, as a result of the effect of gravity, into the 
main river (into which it may carry pollutants). 

 
 
 
 

 

Surface of the watershed 
Line separating the waters 

River 

The bad practices of just one producer (e.g. the emptying of the bottom of a tank into a 
ditch) may, therefore, pollute the entire mass of water originating from a watershed, or 
the entire water table located beneath this watershed. The improvement and preservation 
of the overall quality of water in a production zone consequently warrants an integrated 
approach and a concerted effort by all operators working in a watershed region.

Uncultivated areas surrounding the agricultural plots and the various soil improvements 
used in a rural area play a direct or indirect role on the runoff from the agricultural plots:

• by concentrating or dispersing the runoff;

• by accelerating it or slowing it down;

• by reducing it and sometimes by promoting infiltration.

Thus grassed strips and hedges play a role in dispersing, intercepting, slowing down 
and reducing the runoff.

1.3. Aquatic ecosystems

The various aquatic habitats (lakes, ponds, backwaters, pools and rivers, etc.) are 
characterised by various parameters:

• physical: light, temperature, depth and current;

• chemical: minerals (nitrates, phosphates, carbonates, etc.), or dissolved organic or 
gaseous substances (oxygen, carbon dioxide). Dissolved oxygen levels in particular 
play a crucial role in the structure and function of an ecosystem. 

Considerable variations in these physical and chemical parameters characterise this 
biotope and support the presence of a group of living organisms (biocenosis) adapted 
to these ecological conditions. 

The association of a given biotope with a given biocenosis forms what is known as an 
ecosystem: a structural and functional media unit.

Biological aquatic systems comprise numerous living organisms (bacteria, plants, 
microcrustaceans, algae, fish and amphibians, etc.), which interact in numerous ways 
(predation, competition and co-operation), lending their “biological robustness” to the 
habitat. It is this complexity that allows the habitat to resist, to a certain extent, the 
numerous assaults to which it falls victim. This balance can, however, be delicate: a 
change in the physico-chemical conditions (reduction in dissolved oxygen levels, increase 
in nitrate levels, the introduction of pollutants such as pesticides, etc.) trigger changes in 
the structure of the biocenosis and significantly disrupt the ecosystem. Many pesticides 
and biocides are toxic for aquatic fauna (crustaceans and fish). Nitrates and phosphates 
trigger the uncontrollable proliferation of algae.

1.4. Effects of pollutants on aquatic ecosystems

A large number of pollutants are likely to compromise the quality of water courses, 
lakes, coastal waters and seawater. Aquatic pollution can be caused by organic matter, 
nutrients and an entire series of chemical substances, which are produced either 
intentionally for a specific end use (like pesticides) or unintentionally in production 
processes [such as polycyclic aromatic hydrocarbons (PAHs) arising from combustion]. 

Several thousands of identifiable substances are present in freshwater bodies and many 
of them are eventually discharged into seawater.

The introduction of chemical substances (nitrates, pesticides, hydrocarbons)  or living 
organisms (bacteria) into an ecosystem can result in its transformation, destruction 
or even disappearance.

Having penetrated an organism, pollutants with biocidal activity, such as pesticides, 
will trigger either biochemical changes in the cells or behavioural changes. Changes 
in individual performance: mortality, successful reproduction, growth rate, duration 
of development, etc., could have a direct impact on the population: abundance (up 
to its disappearance), age structure (variation in sensitivity between young and adult 
organisms), scatter and distribution in the habitat. 
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1.2. Runoff and the watershed

Excess water, which cannot infiltrate the soil, forms the runoff and initially drains in a 
diffuse manner within the plot following the line of the slope. Surface runoff gradually 
forms tiny channels of water, which subsequently merge to form rivulets of varying 
sizes that flow into the river at varying speeds. This is accompanied by ‘hypodermic’ 
throughflow, which is slower. 

The area of land from which all of the runoff water collects at one point is known as a 
watershed. The topography of the land usually regulates the pattern of water flow, but 
this can be disrupted by agricultural practices. 

The watershed is defined as an expanse of land drained by a water course and its 
tributaries, and limited by a water-dividing line (or crest line). It therefore corresponds 
to the area feeding a water course: any raindrop that falls in this region is likely (unless 
used by plants, etc., along the way) to flow, as a result of the effect of gravity, into the 
main river (into which it may carry pollutants). 
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The bad practices of just one producer (e.g. the emptying of the bottom of a tank into a 
ditch) may, therefore, pollute the entire mass of water originating from a watershed, or 
the entire water table located beneath this watershed. The improvement and preservation 
of the overall quality of water in a production zone consequently warrants an integrated 
approach and a concerted effort by all operators working in a watershed region.

Uncultivated areas surrounding the agricultural plots and the various soil improvements 
used in a rural area play a direct or indirect role on the runoff from the agricultural plots:

• by concentrating or dispersing the runoff;

• by accelerating it or slowing it down;

• by reducing it and sometimes by promoting infiltration.

Thus grassed strips and hedges play a role in dispersing, intercepting, slowing down 
and reducing the runoff.

1.3. Aquatic ecosystems

The various aquatic habitats (lakes, ponds, backwaters, pools and rivers, etc.) are 
characterised by various parameters:

• physical: light, temperature, depth and current;

• chemical: minerals (nitrates, phosphates, carbonates, etc.), or dissolved organic or 
gaseous substances (oxygen, carbon dioxide). Dissolved oxygen levels in particular 
play a crucial role in the structure and function of an ecosystem. 

Considerable variations in these physical and chemical parameters characterise this 
biotope and support the presence of a group of living organisms (biocenosis) adapted 
to these ecological conditions. 

The association of a given biotope with a given biocenosis forms what is known as an 
ecosystem: a structural and functional media unit.

Biological aquatic systems comprise numerous living organisms (bacteria, plants, 
microcrustaceans, algae, fish and amphibians, etc.), which interact in numerous ways 
(predation, competition and co-operation), lending their “biological robustness” to the 
habitat. It is this complexity that allows the habitat to resist, to a certain extent, the 
numerous assaults to which it falls victim. This balance can, however, be delicate: a 
change in the physico-chemical conditions (reduction in dissolved oxygen levels, increase 
in nitrate levels, the introduction of pollutants such as pesticides, etc.) trigger changes in 
the structure of the biocenosis and significantly disrupt the ecosystem. Many pesticides 
and biocides are toxic for aquatic fauna (crustaceans and fish). Nitrates and phosphates 
trigger the uncontrollable proliferation of algae.

1.4. Effects of pollutants on aquatic ecosystems

A large number of pollutants are likely to compromise the quality of water courses, 
lakes, coastal waters and seawater. Aquatic pollution can be caused by organic matter, 
nutrients and an entire series of chemical substances, which are produced either 
intentionally for a specific end use (like pesticides) or unintentionally in production 
processes [such as polycyclic aromatic hydrocarbons (PAHs) arising from combustion]. 

Several thousands of identifiable substances are present in freshwater bodies and many 
of them are eventually discharged into seawater.

The introduction of chemical substances (nitrates, pesticides, hydrocarbons)  or living 
organisms (bacteria) into an ecosystem can result in its transformation, destruction 
or even disappearance.

Having penetrated an organism, pollutants with biocidal activity, such as pesticides, 
will trigger either biochemical changes in the cells or behavioural changes. Changes 
in individual performance: mortality, successful reproduction, growth rate, duration 
of development, etc., could have a direct impact on the population: abundance (up 
to its disappearance), age structure (variation in sensitivity between young and adult 
organisms), scatter and distribution in the habitat. 
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However, pollutants do not act solely on isolated individuals or the population of a single 
species but, on the contrary, on a set of populations of various species, communities and 
eventually on entire biocenosis. Modification of a population will, in fact, have a direct 
effect on populations of species interacting with the said population (prey, predator, 
parasite and competitor, etc.). This will result in a change in the balance and dynamics 
of the affected populations. 

As new balances emerge, the very structure and dynamic profile of the biocenosis will 
consequently be affected: species richness, dominance, diversity and biomass, etc. Since 
the structure changes, the function of the ecosystem is obviously prone to disruption: 
primary production (production of plant biomass), secondary production (production of 
animal biomass), cycling of matter (decomposition of dead organic matter and the rate 
at which minerals are recycled).

Case of Lake Naivasha and rose farms in Kenya. 

The chemical pollution of surface waters can severely disrupt aquatic ecosystems, 
cause habitats and species to disappear and ultimately lead to an accumulation of 
chemical contaminants in the food chain. 

Lake Naivasha (in Kenya), with a surface area of 170 square kilometres, is the water 
catchment area for a very large area, including the large town of Naivasha, and 
agricultural land growing cereals, vegetables and flowers as well as cattle and goats.  
The lake is a unique habitat, that shelters a very rich fauna (birds, fish and crustaceans, 
etc.), which is threatened by chemical pollution (excessive concentrations of nitrates 
and pesticides in the water) and by the intensive use of water resources.  Commercial 
greenhouses have proliferated around the lake to provide the European market with 
flowers (roses). These enterprises are not only consumers of large amounts of water 
(taken directly from the lake) but also users of pesticides and fertilisers, leading to 
chemical pollution of the lake waters.

The pollution of water means it is not unusual to discover dead birds or fish, or even 
to note the deaths of livestock from drinking the water.

The water level of the lake is decreasing at an alarming rate, while the use of water for 
irrigation it is constantly increasing. The source of the lake, from the catchment in the 
neighbouring hills, is not enough to refill it, and the region has experienced periods 

Pollutants (nitrates, pesticides and hydrocarbons) can accumulate in the food chain 
and harm predators that feed on contaminated fish (e.g. birds). Man is exposed to 
pollutants present in the aquatic medium through the consumption of fish and drinking 
water. Pollutants can remain in the environment long after having been banned and 
can be transported over long distances. 

In 2007, analysis brought out the case in England of a sample of potatoes contaminated 
by DDT residues. After an on-site investigation and inspection by the PSD, the experts 
were able to eliminate the hypothesis of fraudulent use and determined that the 
contamination was indeed due to tuber contamination by the DDT still present in the 
farm soil, several decades after it was banned (Annual Report of the Pesticide Residues 
Committee 2007, PSD 2008).
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of decreasing rainfall. The run-off of water contaminated by chemical fertilisers used 
on farms has led to an increase in algae and in water hyacinth, a very invasive plant. 

Algae and hyacinths cover fish reproduction areas and prevent water oxygenation. Tilapia 
and other species of fish have disappeared completely, leading to the disappearance 
of fisher birds.

According to the FAO, high concentrations of dieldrine and DDE have been recorded in 
the muscles of Tilapia, Alestes and Clarias (residues of organochlorinated pesticides 
used in the eradication of tsetse flies and mosquitoes) in studies focusing on the 
presence of pesticides in the Kenyan aquatic environment (lakes in the Rift Valley). 

Elevated concentrations of dieldrine, DDE, DDD, DDT, HCH, endosulfan and PCB can 
also be detected in fish-eating birds (kingfishers and cormorants) and in the flesh of 
predator fish contaminated via the food chain. 

The growing pressure exerted on this lake by these flower-growing industries has 
imperilled the survival of a rich ecosystem on which generations of fishermen, livestock 
producers and farmers have depended. 

Pollutants (nitrates, pesticides and hydrocarbons) can accumulate in the food chain 
and harm predators that feed on contaminated fish (e.g. birds). Man is exposed to 
pollutants present in the aquatic medium through the consumption of fish and drinking 
water. Pollutants can remain in the environment long after having been banned and 
can be transported over long distances. 

In 2007, analysis brought out the case in England of a sample of potatoes contaminated 
by DDT residues. After an on-site investigation and inspection by the PSD, the experts 
were able to eliminate the hypothesis of fraudulent use and determined that the 
contamination was indeed due to tuber contamination by the DDT still present in the 
farm soil, several decades after it was banned (Annual Report of the Pesticide Residues 
Committee 2007, PSD 2008).



142

CHAPTER 5

2. THE RISKS OF WATER CONTAMINATION
2.1. Water pollution due to nitrates, phosphates and OM

Water that flows through the soil carries soluble nutrients (fertiliser) towards underground 
water tables or adjacent water courses. Extensive leaching of the river banks removes 
fertilisers from the soil. These fertilisers, added to those already present in the water 
courses, can have disastrous consequences on water bodies (eutrophication) 

Water bodies in agricultural regions are particularly susceptible to this form of organic 
pollution. Aquatic plants growing on the riverbanks and suspended plant plankton 
proliferate because the water is abnormally rich in nutrients (especially phosphates in 
the case of freshwater). The vegetation grows and considerable quantities of organic 
matter are deposited in deep water where it is decomposed by aerobic bacteria. An 
increase in the decomposition of OM reduces oxygen levels, especially at the bottom of 
water courses. The decomposers breathe the oxygen: the more numerous and active 
they are, the more oxygen they consume. Increased decomposition will further reduce 
oxygen levels in the water. As decomposition is the transformation of organic matter 
into plant nutrients, this will lead to an increase in the amount of fertiliser available for 
plants growing in water bodies.
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Any organic waste (liquid manure, black liquid, waste matter generated by fish farms 
and soil humus removed through erosion, etc.) discharged into a water course will aid 
decomposition and therefore lower oxygen levels (the decomposers consume the oxygen). 
Fertilisers resulting from this decomposition boost the proliferation of suspended algae 
(plant plankton) and aquatic plants. The water turns green and turbid to varying degrees 
because of the suspended sediment and the numerous plankton organisms (suspended, 
microscopic animal and plant organisms that live in the water). 

Depleted oxygen levels will affect animal life, especially the consumer organisms (animals 
that feed on plants or other animals). Their demise will exacerbate decomposition. A 
vicious circle thus takes hold since the more active the decomposition, the greater the 
number of plants (producers) and the greater the decomposition. Semi-decomposed 
sediment accumulates at the bottom and the water becomes increasingly turbid. 
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Pools and water courses adjoining agricultural regions must be protected.

Agriculture plays a major role in the eutrophication of water courses in agricultural 
regions. 

The increasing use of chemical as opposed to organic fertilisers promotes leaching 
(chemical fertilisers do not replenish the soil organic matter that retains water). If large 
quantities of fertilisers are used, the soil, depleted in organic matter content, retains 
water less easily and fertilisers that are not absorbed by the vegetation are readily 
removed by the leaching process. 

Deforestation of watersheds and the land beside water courses bordering cultivated land 
or irrigation ditches promotes the leaching of fertilisers and, therefore, the eutrophication 
of surrounding water courses. The vegetation can, in fact, absorb the minerals and 
prevent them from being leached towards the water courses. The largest cause of nitrate 
pollution in water that can cause eutrophication is the ploughing up of grass land.

2.2. Water contamination due to plant protection products

The main routes of surface water contamination following the application of plant 
protection products for agricultural purposes are:

1. Diffuse pollution:

• following application of the products, the transfer towards surface waters 
either by the runoff and entrainment of contaminated soil particles when 
it rains, or by the ‘hypodermic’ throughflow or the deposition of particles 
present in the air; or towards groundwater, either by product infiltration 
or via drainage waters or leaching.
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2. Accidental pollution or negligence:

• losses during the handling of products, spray preparation, filling, rinsing 
or sprayer maintenance.

• leaks, accidental spillage, etc.  

• mist drift during spraying;

• passage of a spray boom over a watercourse, product losses during 
transportation.

Accidental losses are localised in terms of origin and are of short duration.  Nevertheless, 
they can be extremely intense. Diffuse losses are more extensive in terms of origin 
and are of longer duration. The resulting pollution is often less acute.

2.2.1. Factors promoting diffuse pollution

Diffuse pollution occurs on arable land and mainly concerns herbicides working through 
root absorption. Losses due to infiltration tend to be of the order of 1% of the initial 
quantities. As regards runoff, losses are generally of the order of 0.1 to 5% of the quantities 
applied. During runoff, the active substances can be transported in a soluble form in 
water and/or in a fixed form on removed particles of soil (erosion). Studies have shown 
that residues of atrazine (a herbicide) and lindane (an insecticide) can still be detected in 
runoff waters some three to four years after these products have been taken out of use. 

No obstacle

RunoffLeaching to 
groundwater

Runoff
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2. Accidental pollution or negligence:

• losses during the handling of products, spray preparation, filling, rinsing 
or sprayer maintenance.

• leaks, accidental spillage, etc.  

• mist drift during spraying;

• passage of a spray boom over a watercourse, product losses during 
transportation.

Accidental losses are localised in terms of origin and are of short duration.  Nevertheless, 
they can be extremely intense. Diffuse losses are more extensive in terms of origin 
and are of longer duration. The resulting pollution is often less acute.

2.2.1. Factors promoting diffuse pollution

Diffuse pollution occurs on arable land and mainly concerns herbicides working through 
root absorption. Losses due to infiltration tend to be of the order of 1% of the initial 
quantities. As regards runoff, losses are generally of the order of 0.1 to 5% of the quantities 
applied. During runoff, the active substances can be transported in a soluble form in 
water and/or in a fixed form on removed particles of soil (erosion). Studies have shown 
that residues of atrazine (a herbicide) and lindane (an insecticide) can still be detected in 
runoff waters some three to four years after these products have been taken out of use. 

Runoff-mediated transfer depends on numerous factors likely to exacerbate the 
phenomenon, such as:

• the slope,

• the type of active substance,

• the type of formulation,

• the soil type,

• the soil cover,

• method of tillage,

• the length of time between rainfall and treatment.

2.2.2. Main sources of accidental pollution

Accidental pollution occurs at different phases during the application of plant protection 
products. The greatest source of loss is undoubtedly the bottom of the tank. Any localised 
spillage (bottom of the tank, overflowing during filling, etc.) must be avoided at all costs. 
Likely causes of accidental pollution are as follows:

On preparing the sprays:

• Overflowing of the tank (and excessive foaming!)

• Accidental tipping of the drum  

• Return to water systems or streams

Tank overflows due to excess foam formation

Spillage of a plant protection product on a surface susceptible to runoff
(Photos Carl De Vleeschouwer, CERVA)

If 20 litres of a 200-litre water spray containing 1 kg 
of active substance overflow on filling, one billion 
litres of water will be undrinkable based on the 
maximum permissible concentration standard of 
1.0 μg/litre. 

A leak of 10 ml of a product containing 50% of active 
substance = 5 g of accidentally spilled substance ! 

It is advisable to carry out tank filling and cleaning operations 
in a grassed area as this can neutralise “minor losses”. 

An impermeable area (concrete, cobblestones, etc.) must 
be connected to drains that go to a special sump or tank 
for later disposal in fenced off areas away from water, or 
into biobeds (to avoid direct access by plant protection 
products into surface waters or groundwater).

A 2-ml drop of product containing 50 % a.s. = 1 g a.s.
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At the time of treatment:

• Drift if the wind > 10 km/h (the drift can represent 4% of the quantity sprayed at 
a distance of 1 metre and 0.5 % at a 4-metre distance)

• Treatment reaching the sides of the sprayed route, edges of ditches and riverbanks, 
etc.

• Excessively high temperature (air pollution by evaporation).

After treatment:

• Elimination of spray residue (if the sprayer is poorly calibrated): emptying onto 
bare soil or into ditches, etc.

• Rinsing of the sprayer on bare soil or in the small-holding yard, etc.

• Emptying of containers: pouring of rinsing water into the drain, etc.

• Burning of containers (often unrinsed)

• Poor product storage (leaks).

2.2.3. Factors linked to the properties of the product11 

A certain number of physico-chemical properties affect the risk of water pollution due 
to pesticides, such as:

• the Koc of the active substance or the organic carbon-water adsorption coefficient: 
the Koc gives an indication of the ability of a compound to be adsorbed or desorbed 
by organic matter. It represents the potential of this active substance to be retained 
in the organic matter of the soil. The higher the Koc, the more active substance 
is retained on/in the organic matter and the less mobile it becomes.  It will then 
pose less of a risk, especially for deep waters;

• the Kd of the active substance or the soil-water adsorption coefficient: the higher 
the Kd, the more active substance is bound to the soil particles and the less 
mobile it is, thus reducing its transfer to groundwater, for instance. Numerous 
factors influence the adsorption capacity of a soil. These are associated with the 
characteristics of either the molecule or the soil (mineral and organic components, 
pH and quantity of water). Similarly, desorption phenomena correspond to the 
release of the molecule into the soil (reverse adsorption phenomenon);

• its solubility: the lower it is, the smaller the quantities of product entrained by 
the water – at least according to initial estimates. In reality, product solubility is 
merely a contributing factor that only affects the proportion not retained in the 
soil. In soil with normal fertility, this proportion is very low, especially in the case 
of highly adsorbed products;

• its half-life in the soil: is an indication of the rapidity at which it is broken down. 
The degradation kinetics of a given molecule are determined by estimating the 
persistence of a product. This is achieved by determining its half-life, i.e. the 
period at the end of which its initial concentration in the soil is halved. This half-

11  For further information on the interaction between pesticides and the soil (adsorption-desorption), product 
movements and transfers in the ecosystem and on the key parameters quoted (Kd, Koc), please refer to 
the Chapter 2.
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life can vary depending on the temperature, soil type, amount of sunshine, etc. 
the half-life of DDT is thus approximately 30 months in a temperate region and 
3 to 9 months in a tropical climate. Herbicides are some of the most persistent 
products (persistence is, in fact, desirable in most cases). This explains why most 
of the substances that have been detected in water courses and water tables, past 
and present, are herbicides. The degradation of active substances is essential in 
order to preserve the habitat and soil fertility: for example, consider the case of 
copper oxychloride (Bordeaux spray), which accumulated in the soils and resulted 
in the sterilisation of 50,000 hectares of banana plantation soils in Costa Rica;

• the formulation of the commercial proprietary product: the transport by runoff 
of wettable powders (WP) is 2 to 5 times greater than that of other formulations. 
The oil present in certain herbicides would reduce vertical percolation;

• overdosage and/or the excessive frequency of applications.

The soil acts like an active filter by ensuring the chemical and biological degradation 
of plant protection products and like a selective filter because it is capable of retaining 
certain pesticides more than others.

 

The “Groundwater Ubiquity Score” (GUS) indicates the potential movement of an active 
substance in the soil. It is based on the half-life of the substance (DT50) and its capacity 
to be adsorbed on organic carbon (Koc). 

An active substance that is strongly retained by the soil, possessing low solubility 
and degrading rapidly, would be an ideal substance from the point of view of water 
protection (especially at depth).

2.2.4. Soil-related factors

Compacted and ‘closed’ bare soils with a low organic matter content and presence of 
plough pans or wheel tracks on the surface are conducive to runoff and/or infiltration. 
Good agricultural practice can often improve soils devoid of structure and lacking intense 
biological activity. 

2.2.5. Factors related to climatic conditions

Rainfall (frequency and, above all, intensity) obviously plays a part in product transfer. In 
particular, heavy rainfall occurring shortly after treatment could entrain large quantities 
of product.

2.2.6. Site-related factors

Slopes accentuate transportation. Treatments applied close to ditches, streams and 
take-up zones are particularly risky. However, the presence of hedges, embankments 
and grassed or wooded areas, together with breaks in the slopes, reduces the risks. 
Buffer zones must be designed within agricultural small-holdings and incorporated in 
the crop system. 
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2.2.7.  Factors associated with the farmer’s approach when applying plant protection 
products.

These refer to accidents or negligence that may be observed on preparing the spray or 
during treatment application as well as post-treatment operations. Operator sensitivity 
is a key factor in preventing accidental pollution. Maximum care must be taken to avoid 
losses and correct procedures implemented in order to limit the incidence of accident 
or error. The filling of the sprayer is a critical stage as regards both the health of the 
user and the risk of leakage into the environment. Spraying equipment and protective 
clothing for the operator will minimise these risks. 

Studies have shown that between 50 and 80% of losses can be avoided by complying 
with good plant protection practice when handling products (sprayer re-filling, 
management of the bottom of the tank, etc.).

2.3. Water contamination due to pathogens

The pathogens to be monitored in lake and well water are certain types of bacteria, 
protozoa and viruses. Although each of these organisms can trigger different diseases 
of varying severity, common symptoms include diarrhoea, nausea, stomach cramps and 
fever, all of which can be extremely unpleasant. 

Certain bacteria that survive in water can cause serious diseases such as gastroenteritis 
and salmonellosis. Escherichia coli O157:H7 (E. coli) is the most harmful and most well 
known pathogenic bacterium. 

When laboratories analyse water samples, they look for two specific indicator organisms: 
total coliforms and E. coli.

Some protozoa can live in the bodies of humans and animals, and are excreted in the 
faeces. These tiny parasites can survive in surface water for prolonged periods in the form 
of dormant cysts. Some aquatic protozoa can cause diseases such as lambliasis (also 
known as giardiasis) or cryptosporidiosis. Protozoan cysts present in the surface waters 
are more resistant than bacteria and viruses. When the water has to be disinfected, a 
water treatment system encompassing both filtration and disinfection should be used.

Viruses reproduce by infecting living cells. Some aquatic viruses cause diseases such 
as hepatitis A and norovirus (similar to the Norwalk virus).
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2.2.7.  Factors associated with the farmer’s approach when applying plant protection 
products.

These refer to accidents or negligence that may be observed on preparing the spray or 
during treatment application as well as post-treatment operations. Operator sensitivity 
is a key factor in preventing accidental pollution. Maximum care must be taken to avoid 
losses and correct procedures implemented in order to limit the incidence of accident 
or error. The filling of the sprayer is a critical stage as regards both the health of the 
user and the risk of leakage into the environment. Spraying equipment and protective 
clothing for the operator will minimise these risks. 

Studies have shown that between 50 and 80% of losses can be avoided by complying 
with good plant protection practice when handling products (sprayer re-filling, 
management of the bottom of the tank, etc.).

2.3. Water contamination due to pathogens

The pathogens to be monitored in lake and well water are certain types of bacteria, 
protozoa and viruses. Although each of these organisms can trigger different diseases 
of varying severity, common symptoms include diarrhoea, nausea, stomach cramps and 
fever, all of which can be extremely unpleasant. 

Certain bacteria that survive in water can cause serious diseases such as gastroenteritis 
and salmonellosis. Escherichia coli O157:H7 (E. coli) is the most harmful and most well 
known pathogenic bacterium. 

When laboratories analyse water samples, they look for two specific indicator organisms: 
total coliforms and E. coli.

Some protozoa can live in the bodies of humans and animals, and are excreted in the 
faeces. These tiny parasites can survive in surface water for prolonged periods in the form 
of dormant cysts. Some aquatic protozoa can cause diseases such as lambliasis (also 
known as giardiasis) or cryptosporidiosis. Protozoan cysts present in the surface waters 
are more resistant than bacteria and viruses. When the water has to be disinfected, a 
water treatment system encompassing both filtration and disinfection should be used.

Viruses reproduce by infecting living cells. Some aquatic viruses cause diseases such 
as hepatitis A and norovirus (similar to the Norwalk virus).

Protozoa and viruses are generally found only in surface water that has been contaminated 
with animal or human excreta. Groundwater can, however, be contaminated if it comes 
into contact with surface water. Inclement weather is also conducive to contamination. 
Extremely heavy rainfall or a flood can, in fact, transport pathogens through the soil to 
the water table much faster than normal.

Manure and other organic matter can shelter pathogens including bacteria, viruses 
and parasites. Under certain conditions, the use of this O.M. as fertiliser can pose 
risks not only to human health but also to the environment since the pathogenic 
micro-organisms present in the manure, which is either deposited or spread, can be 
leached from agricultural soil to groundwater or surface water (black liquid or liquid 
manure generally poses less risk than solid fractions of manure).

The risk of transporting pathogens and contaminating water resources will vary according 
to surface runoff and throughflow immediately below the surface, as well as other 
factors which relate to the hydrologic connection between water sources and water 
bodies. Microbiological water analyses should be carried out on a regular basis for 
both irrigation waters and washing stations.
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3. PREVENTION OF POINT SOURCES OR ACCIDENTAL POLLUTIONS

The reduction of point sources pollution risks necessitates compliance with good plant 
protection and agricultural practice before, during and after treatment application. 

The prevention of water pollution risks involves taking action against each of the 
factors that promote this pollution in the first place. 

3.1. Reduction of plant protection treatments

Dose rates should be reduced whenever possible, especially in the case of certain 
herbicides and frequency of treatment. Prophylaxis, mechanical and biological control 
techniques, localised treatments, and generalised treatments, to be carried out only 
when required, i.e. at the right dose and at the right time, are some approaches that are 
well known to farmers practising an integrated pest management programme.

A recent study by the INRA (Institut National de la Recherche Agronomique – National 
Institute for Agricultural Research, France) brought together 80 researchers, and drew 
up different scenarios base on agricultural practices. The study showed that a decline 
of 30% in the use of phytosanitary products would be possible without major disruption, 
by eliminating unnecessary treatments or by using alternative methods (mechanical 
weeding, biological fight against pests) or preventive methods (density and dates of 
seedlings).The decline in yields would be modest: 6% on average. 

Going much further and reaching 50% reduction would be more difficult. According to 
the scenarios of the INRA, a ‘spread’ of different production methods would be needed 
for that level to be reached, including around 13% of area used for organic agriculture.

3.2. The choice of plant protection product

Alternation of the chemical group has often proved essential in order to control or 
prevent the onset of resistance phenomena amongst crop pests and diseases. Ideally, 
product choice should be based on the Koc, Kd, solubility and half-life of a given product 
in the specific context of the small-holding, or even the plot. However, this information 
is not always sufficiently accurate or context-related in order to be used effectively. 
Useful indications [pictograms and warnings in the form of a combination of ‘R’ (risk) 
phrases] often appear on the label, highlighting the risk of danger for the environment 
and aquatic organisms (following Annex VII of the Regulation (EC) 1272/2008 relating 
to Classification, Labelling and Packaging of substances and mixtures):

• H400/H410 (formerly R 50/53): Very toxic for aquatic organisms; may cause long-
term adverse effects in the aquatic environment.

• H411 (formerly R 51/53): Toxic for aquatic organisms; may cause long-term 
adverse effects in the aquatic environment.

• H412 (formerly R 52/53): Harmful for aquatic organisms; may cause long-term 
adverse effects in the aquatic environment.

• H413 (formerly R53): Can lead to harmful long-term effects for the aquatic 
environment.
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3. PREVENTION OF POINT SOURCES OR ACCIDENTAL POLLUTIONS

The reduction of point sources pollution risks necessitates compliance with good plant 
protection and agricultural practice before, during and after treatment application. 

The prevention of water pollution risks involves taking action against each of the 
factors that promote this pollution in the first place. 
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(Pictogram: Code SGH 09)

Hazardous for aquatic organisms 

(Pictogram of GIFAP)

3.3. Soil improvement

A few basic principles of agronomy should be applied in order to restore fertile soils 
with a thriving microbial population capable of product degradation. These principles 
primarily include the control of soil acidification and organic matter depletion. On this 
basis, implementation of techniques intended to control runoff could subsequently be 
considered: a well-structured, ‘open’ soil, part of which may be grassed or covered 
with mulch.

3.4. The re-layout of sites

If headland, ditches, embankments and roadsides no longer have to be weeded, then a 
simple approach can be adopted, at least technically speaking. It is straightforward if 
hedges no longer have to be routinely destroyed or intermediate crops have to be planted.

The reconstruction of hedges bordering fields or the creation of grassed or wooded areas 
along the riverbanks, etc., is, however, a more complex procedure. These approaches 
are, nonetheless, particularly effective for reducing erosion, runoff, exportation of plant 
protection products and accelerating the degradation of the latter. Other measures such as 
the re-layout of the plot, re-profiling of the slopes, shorter rows, ploughing perpendicular 
to the slope, buffer basins and the restoration of wetlands, etc., can only be considered 
long term in view of the cost involved and the fact that a collective initiative is required.

3.5. Prevention and caution on the part of the farmer

A leak-proof preparation and cleaning area with water collection points is desirable; 
Whenever possible, spray and treatments should not be prepared close to water supply 
points, rivers, take-up zones or ditches, etc. 

Contamination of the water source must be avoided when preparing the spray! This 
contamination may occur, for example, if the sprayer tank or any soiled container is 
immersed in the water supply (e.g. bucket used to prepare the mixture). Ideally, for 
small volumes, a large drum should be filled (capacity of 15 or 20 litres when clean) 
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and water taken from this container.  In the case of large preparation tanks, use either 
an intermediate filling tank or a platform with appropriate items of equipment in order 
to prevent the spray from being accidentally returned to the drinking water circuit. The 
containers should be rinsed three times whilst preparing the spray and the rinsing waters 
poured into the sprayer tank. It is important to avoid wind and any factors causing the 
spray to drift (excessive pressure, speed, working height, etc.) during treatment. The 
installation of anti-drift nozzles may improve the situation. Application is ideally done 
at times of moderate temperature and high humidity. 

Recommendations for improved environmental safety:

• Have a detailed product information leaflet (and a safety data sheet)

•  Clean the sprayer: repair leaks, replace defective nozzles and possibly check 
that the manometer is functioning properly

• Select a tank with a capacity that is 5% above the volume required

•  Use a gauge that is visible during filling and emptying

• Prepare a 15- to 20-litre water reserve for rinsing the tank in the field

• Prepare the exact volume of spray needed for application

• Prevent the tanks from overflowing and protect water supplies near the filling 
site against accidental spillage of spray or product. 

• Do not collect/pump the water for the sprayer directly from a water body or well. 
Use a system to prevent the spray from returning to the water source.

• Rinse the packaging several times in clear water and pour the rinsing waters 
into the sprayer.

• Dilute the spray residues, spray them on the field and rinse the sprayer on the 
field

• Correctly dispose of clean, thoroughly rinsed packaging and stoppers.

3.6. ‘Best Management Practices’ (BMP) during spraying

The following factors have an unfavourable impact on spray regulation resulting in 
excessive dose rates and poor efficacy. They also increase the drift and contamination 
of surface waters:

• excessive speed of advance,

• height of the spray boom,

• balancing movements of the spray boom,

• ineffective pressure setting and unsuitable nozzles.

Spraying must ideally be carried out under calm weather conditions (low wind, in the 
morning or evening). Low-pressure treatments reduce the drift from the spray mist.

3.7. Improvement in spraying techniques

Invest in equipment or devices that help to protect or improve the environment: anti-drift 
nozzles, sprayers fitted with tank cleaning and package rinsing devices, etc.
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4.  BUFFER ZONES, THEIR MANAGEMENT AND REDUCTION OF DRIFT
4.1. Buffer zones

A ‘buffer zone’ or ‘untreated zone’ (UTZ) is, by definition, a plot strip situated near 
water bodies (stream, pond, pool, wet pit, etc.), to which the plant protection product 
must not be directly applied.  

The purpose of creating such an area is to protect the water and aquatic organisms (fish, 
freshwater crustaceans, insects developing in the sediment, algae and aquatic plants) 
from pesticides carried by spray mist (drift). The buffer zone vegetation is irrelevant. It is, 
therefore, often part of the field and is cultivated in the same way as the rest of the field.

The exercise of caution by using an untreated buffer zone is a precautionary measure 
that can limit:

• runoff on the watershed (a buffer zone slows down the runoff, decreases the volume 
and reduces the flow rate peaks, by virtue of its rugged surface and permeability);

• phytotoxic waste on adjacent crops and wild flora;

• toxic effects on non-targeted animals (birds, mammals and beneficial insects, 
etc.) present in the sheltered zones (hedges and headland, etc.);

• contamination of the surface waters via drains and ditches (limiting the transfer 
of phosphorus, plant protection products and nitrogen towards aquatic habitats);

• the transfer of suspended matter (SM) produced by soil erosion. The coarsest 
particles will be easily trapped and can even form a visible deposit within the 
upstream limits of the buffer zone. Finer particles are gradually deposited on 
passing through the buffer zone. 

• the transfer of phosphorus by slowing down runoff and increasing infiltration: on 
coming into contact with a buffer zone, the phosphorus particles are deposited 
and the dissolved phosphorus is partly bound to the soil.
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Interception of through-flow via a grassed area (Photo CORPEN).

The width of the UTZ is the minimum distance to be complied with between the last 
sprayer nozzle (during application of a given plant protection product) and the banks of 
the water bodies (at the top of the embankment). In Europe, users are legally bound to 
comply with the buffer zones indicated on the packaging of plant protection products 
(ranging from 2 to over 100 m) depending on the risk of the said plant protection product 
for aquatic organisms. 

A 5-metre width allows over 90% of the drift to be intercepted.

The user must comply with 3 conditions at the same time in order to reduce the buffer 
zone in accordance with the instructions given on the label: 

1. Record all product applications to the plot;

2. Create a grassed strip at least 5 metres wide around the water supply points, 
comprising a hedge that is sufficiently high and wide to retain the spray mist (at 
least 1.2 metres); 

3. Use recognised drift-reducing spraying equipment (anti-drift equipment). 

4.2. Grassed strips

The term ‘grassed strip’ refers to any grassed surface (embankment, strips of land, 
uncultivated areas or fallow land, etc.), maintained or deliberately introduced in order 
to intercept diffuse or concentrated surface through-flow. The creation of grassed 
strips bordering crops protects the area from the dispersal of plant protection products 
triggered by the drainage or leaching of soil particles. 

These strips also reduce the percentage of pesticide transported by the spray mist 
drift and the leaching of fertilisers towards the surface waters. These measures are, 
therefore, often incorporated in producers’ specifications.
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Example of a grassed strip bordering a field (Photo: B. Schiffers)

Grassed strips used for management are of two types:

• field borders, which are dense, permanent, vegetated strips (generally pasture) 
set along one or more sides of a field (strictly speaking: grassed strips);

• filter strips (also called buffer strips or riparian zones), which are permanent 
strips of vegetation covered with pasture, bushes, shrubs or other vegetation, 
established alongside water courses, water bodies, springs, or areas of wetland.

The good performance of a grassed strip will be depend on: 

• soil conditions (infiltrability of the slope and of the grassed strip);

• the length of the strip, along the slope and the steepness of the slope;

• the width of the strip and steepness of its banks;

• the type of crop and the cultivation methods on the slope; 

• the type of soil as well as good natural drainage of the slope and of the area 
relating to the grassed strip;

• rainfall intensity

The efficacy of the grassed strips (generally at least 6 metres wide) has been confirmed:

• runoff volumes are reduced by 65% (on average, a buffer zone 10 m wide will, 
in most cases, allow infiltration of at least 50% of the runoff),

• the transport of sediment is reduced by 82%,

• the exportation of plant protection products is reduced by 80%,

• these substances do not accumulate because the degradation phenomena are 
more intense beneath the grassed strip.

Grassed strip

Crop
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Caution!

Buffer zones and grassed strips will only be capable of playing a hydrological role in 
plots where lateral through-flow is significant and not in those plots largely dominated 
by vertical infiltration towards the water tables.

Faced with a concentrated through-flow, buffer zones can lose some of their efficacy 
to varying degrees. In extreme cases, ‘short circuits’, i.e. small streams cutting through 
the buffer zones, are formed. This point is particularly relevant when discussing the 
location of buffer zones in a watershed: the concentration of the runoff is the main 
obstacle hampering the efficacy of buffer zones and limiting the water-based transfer 
of plant protection products.

4.3. Drift reduction

Plant protection products can contaminate the atmosphere during treatment.

In fact, during the application of plant protection treatments, some of the product does 
not reach its target but is subject to a ‘drift’ phenomenon. The drift is generally defined 
as the quantity of sprayed product, which, when displaced by air currents, falls onto the 
soil or evaporates after having travelled a variable distance. It therefore occurs at the 
time of application or shortly afterwards. 

Drift depends on the force and direction of the wind, the size of the droplets, the 
spraying height of the formulation used and whether or not an adjuvant is present.

It triggers: 
• soil pollution, subsequent water pollution and a risk of contaminating the 

ecosystems situated in close proximity or just outside the treatment zones;

• atmospheric pollution, which occurs, within the first few hours following application, 
by the evaporation of droplets and the formation of sprays.
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Caution!

Buffer zones and grassed strips will only be capable of playing a hydrological role in 
plots where lateral through-flow is significant and not in those plots largely dominated 
by vertical infiltration towards the water tables.

Faced with a concentrated through-flow, buffer zones can lose some of their efficacy 
to varying degrees. In extreme cases, ‘short circuits’, i.e. small streams cutting through 
the buffer zones, are formed. This point is particularly relevant when discussing the 
location of buffer zones in a watershed: the concentration of the runoff is the main 
obstacle hampering the efficacy of buffer zones and limiting the water-based transfer 
of plant protection products.

4.3. Drift reduction

Plant protection products can contaminate the atmosphere during treatment.

In fact, during the application of plant protection treatments, some of the product does 
not reach its target but is subject to a ‘drift’ phenomenon. The drift is generally defined 
as the quantity of sprayed product, which, when displaced by air currents, falls onto the 
soil or evaporates after having travelled a variable distance. It therefore occurs at the 
time of application or shortly afterwards. 

Drift depends on the force and direction of the wind, the size of the droplets, the 
spraying height of the formulation used and whether or not an adjuvant is present.

It triggers: 
• soil pollution, subsequent water pollution and a risk of contaminating the 

ecosystems situated in close proximity or just outside the treatment zones;

• atmospheric pollution, which occurs, within the first few hours following application, 
by the evaporation of droplets and the formation of sprays.

At the nozzle outlet, the droplets form a spectrum, the size of which varies from less 
than 50 µm to over 300 µm. On emergence, the large-sized droplets (> 150 µm) possess 
considerable kinetic energy and reach their target. Conversely, small-sized droplets 
(< 100 µm) can be transported by air currents.  The proportion of droplets subject to 
drift depends on the type of nozzle (some deliver a greater proportion of large-sized 
droplets), the flow rate and the operating pressure (the size of the droplets increases 
when the flow rate rises and pressure decreases).

  

 

Buses anti-dérive Anti-drift nozzles 
  

In addition, the application of certain plant protection products that are hazardous to 
aquatic organisms is subject to specific measures to reduce the spray mist drift when 
treating plots close to water supplies. 

These precautionary measures involve:

1. leaving an untreated buffer zone beside a water body;

2. the use of a specific sprayer;

3. the use of anti-drift nozzles;

4. the possible installation of a screen or hedge for plots located in close proximity 
to water bodies.

The percentage drift reduction (50, 75, 90%) obtained with these measures will mostly 
depend on the width of the buffer zone (2, 5, 10, 20, 30 … metres).
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5.POST-HARVEST WASHING AND WATER CONTAMINATION
Soil and dirt may accumulate between the leaves, in the crown or on the skin or peduncle 
where microbes can subsequently develop. Washing, when carried out carefully with 
potable water, not only removes most of the dirt (soil, sand, small worms, insects, etc.) 
but also some of the micro-organisms (bacteria, fungi, viruses) and soluble residues of 
chemical products. Washing will eliminate only some of the surface residues (essentially 
those that are water-soluble), but no residues of products that have penetrated the skin 
and flesh of the produce.

As stipulated in European hygiene legislation (Appendix 1, section A of Regulation (EC) 
No. 852/2004), “potable or clean water must be used when necessary in order to prevent 
any contamination”. Therefore, potable water should preferably be used to wash fruit 
and vegetables, the hands and, generally speaking, anything that could contaminate 
foodstuffs. 

In-station washing of mangos (Photo: B. Samb)

However, given the importance and cost of water, an analysis of the process using the 
HACCP method will determine:

• On the one hand, whether the health risks involved in using clean water are 
significant or negligible, and if it can be used instead of potable water (e.g. 
clean water can generally be used to pre-wash vegetables; the sorting table can 
usually also be washed with clean water if the fruit and vegetables are washed 
afterwards, etc.).

• On the other hand, whether the cleaning process can pollute the water discarded 
by the station (contamination with traces of pesticides, biocides, organic matter 
and pathogens) and if treatment measures must be implemented before and/or 
after discarding.  Waste water from packhouses is of increasing concern, and the 
development of wetlands schemes (phytoremediation) have been successfully 
adopted as a means of water purification.
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6. REGULATORY STANDARDS AND WATER QUALITY
6.1. Water potability standards

To qualify as ‘potable’, water must satisfy the minimal requirements stipulated in Appendix 
I of Directive 98/83/EC relating to the quality of drinking waters. It must not contain 
excessive amounts of micro-organisms, (e.g. Escherichia coli bacteria, enterococci), 
parasites, (e.g. worms’ eggs) or exceed the maximum permissible concentration for any 
chemical substance posing a potential hazard for consumer health (pesticides, nitrates 
or heavy metals). Potable water is, therefore, water that can be used without any risk 
(no potential or real hazards) and is always preferable to ‘clean’ water. 

European legislation imposes standards (which are identical in all Member States) 
relating to the quantity of plant protection products contained in waters:

• groundwater and water for consumption cannot contain more than 0.1 μg/litre 
of active substance and 0.5 μg/litre of all active substances (0.1 or 0.5 parts per 
billion);

• for surface waters, the standards are set on the basis of the risk to aquatic 
organisms [calculation of the PNEC (Predicted No Effect Concentration): the 
concentration that has no effect on the aquatic organisms being considered].

According to Regulation (EC) No. 852/2004, “food business operators must ensure that 
all stages in the production, transformation and distribution of foodstuffs under their 
responsibility comply with relevant hygiene requirements”. In this respect, they are 
responsible for the quality of water used on the small-holding as well as for washing 
and cleaning of products and installations. Given the importance attached to determining 
the grade of water used, in terms of managing health risks, analyses must be carried 
out in an accredited analytical laboratory. 

Only an analysis can confirm if water, regardless of supply, from a spring or well, is 
devoid of any chemical or biological contaminant, and if it is really  ‘potable’. 

Even unused supply water can be insidiously contaminated, (e.g. porous hoses or 
hoses in a poor state of repair, back-flow from the tank to the network) or actively 
contaminated (if carried or kept in a contaminated container).

6.2. The use of ‘clean’ water

‘Clean’ water does not contain any hazardous micro-organisms, harmful substances or 
toxic sea plankton in quantities likely to have a direct or indirect impact on the hygiene 
quality of foodstuffs. 

Clean water must not pose a contamination threat for other foodstuffs and its use 
will, therefore, be permitted under certain conditions. Parameters must be set: for 
Escherichia coli (e.g. maximum 1 000 cfu/100 ml) and for Clostridium perfringens (e.g. 
maximum 1 000 cfu/100 ml); maximal total germ count; maximal nitrate and chloride 
content; electrical conductivity. The use of clean water according to the current definition 
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could, in some cases, generate additional product contamination. Thus certain products 
deemed to be ‘clean’  on harvesting could become ‘soiled’ after washing in clean water. 
This could, for instance, apply to tomatoes, peppers and even beans. Initial washing with 
clean water can normally be considered only for certain ‘soiled’ products, e.g., carrots 
or potatoes and provided that they are subsequently washed in potable water.

As regards the cleaning of soil in packaging stations, only potable water must be used 
to clean soil from produce in ‘clean zones’ so as to prevent any cross-contamination, 
which could arise from using water of an inferior quality.

6.3. Quality of irrigation water

Water used for irrigation purposes comes from streams, ponds and open or deep wells12 
(drilling), rainwater or supply water. The likelihood of contamination of these waters 
by chemical and/or biological agents will vary considerably depending on the situation, 
relief, crops being grown, local industrial activities, the presence of dwellings or breeding 
animals, etc. ‘Potable’ water and ‘clean’ water do not, a priori, present any risk and can 
be used without any irrigation restrictions.  On the contrary, non-potable water may 
jeopardise health, (e.g. presence of heavy metals, pesticide residues and pathogens, 
etc.) and must, if necessary, be subject to restricted use for irrigation.

There is currently no regulatory requirement regarding the quality of irrigation water.  
For instance, no maximal permissible heavy metal content and no microbiological 
criterion have been set at the present time. Only the general requirement applicable 
to primary production, which indicates that, “operators must, where possible, ensure 
that all primary products are protected against any form of contamination” is imposed 
by Regulation (EC) No. 852/2004.

Some waters are generally permitted for crop irrigation, such as:

• water used to wash fruit and vegetables (apart from water used to wash root 
vegetables or tubers13),

• waters obtained from blanching/sterilisation processes, cooling after blanching/
sterilisation, rapid freezing, and associated equipment.

As part of the production internal control process and prior to irrigation, the producer 
must evaluate the risks, taking into account the origin of the water, the type of crop/
plant irrigated, the irrigation method used and the mode of consumption of the produce 
irrigated (consumed fresh or cooked) and any post-harvesting treatments applied to 
the latter (e.g. washing, blanching). 

The producer must continuously query the origin and quality of the water used and 
regularly check the chemical and (micro) biological grade of his irrigation waters. 

12  Water that has percolated through the soil from the surface and available in the porous rock beneath the 
surface.

13  Risk of contamination from phytophagous nematodes and other plant pathogens.
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12  Water that has percolated through the soil from the surface and available in the porous rock beneath the 
surface.

13  Risk of contamination from phytophagous nematodes and other plant pathogens.

6.4. Environmental quality standards (EQS)

Based on toxicity information, the persistence and bioaccumulation potential of a 
substance and data relating to its fate in the environment, concentration thresholds can 
be determined in order to protect humans as well as the fauna and flora. Environmental 
quality standards (EQS) correspond to the environmental objective of the “good chemical 
status of surface water”. When environmental quality standards are set for water, 
sediment or plant/animal tissues, they serve as benchmarks to guarantee the ecological 
integrity of the ecosystems or to ensure the protection of human health during various 
procedures involving the use of water (bathing and collection of potable water, etc.). At 
the present time, the EQS still vary considerably from one Member State to the next and 
concern 33 chemical substances classed as  ‘priorities’ (pesticides: atrazine, alachlore, 
chlorfenvinphos, chlorpyrifos, diuron, endosulfan, isoproturon, simazine, trifluraline, etc.; 
heavy metals: lead, cadmium, mercury; others: HAP, nonylphenols and benzene, etc.).

Finally, in order to be effective, emission-reducing measures and EQS must be combined 
with a high-performance, water-monitoring system (‘network of measures’) to safeguard 
the implementation of the adopted measures and to comply with the values set in the EQS. 
The Water Framework Directive (WFD) is based on the concept of an integrated reduction 
in terms of pollution and proposes a global strategy to control chemical pollution.  In 
the case of pesticides, the EC intends to tighten its regulations in the future, especially 
as regards risks to marine life. Every effort must also be taken to minimise exposure 
in the water aquifers in order to take all risks into account, e.g. as regards protecting 
the collection of potable water.

Other pollutants (such as nutrients and organic matter) are governed by specific 
Community legislative acts, e.g. Directive 91/271/EEC (OJEC, L 135 of 30 May 1991) 
regarding the treatment of residual urban waters, and Directive 91/676/EEC (OJEC, L 
375 of 31 December 1991) governing nitrates.
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7. WATER CONSERVATION
7.1. Water usage: findings  

Renewable fresh water, a constituent element of the water cycle, is a resource that is 
essential for life. Its availability has always nurtured the appearance and the development 
of organisms living on the planet. Water has equally been conditional, and without doubt 
remains conditional, to human presence and activities. Today, economic development goes 
hand-in-hand up with increasing water consumption and the appearance of problems 
of availability or quality.

Across the whole of Europe, 44% of water is used to for energy production, 24% for 
agriculture, 11% for industry, and only 2% for supplying water to the population. 

Agriculture represents just 24% of extracted water in Europe, but:

• even though this statistic can seem modest compared with the 44% extracted to 
provide cooling water for energy production, its impact on reserves is clearly 
more important. All – or nearly all - cooling water is returned into watercourses, 
whereas, in the case of agriculture, it is often no more than a third;

• policies of intensification lead to a significant increase in the amount of irrigated 
land, even in Northern Europe (France, Belgium, the United Kingdom, and the 
Netherlands);

• the European Union and its Member States are committed to a 10% level of use 
of biofuels for transport by 2020: if the growing demand for bio-energy is satisfied 
by the current first generation of biofuel crops, the use of water for agriculture 
can only increase.

One should note that the use of water for agriculture is not shared out 

evenly. In certain southern regions of Europe, agriculture accounts 
for about 80% of water extraction. In Greece (88%), in Spain (72%), 
and in Portugal (59%), water is used mainly for irrigation. Most of 
this extraction typically takes place in summer, at the very time when 
water is most scarce, a situation that worsens its negative impact.

In Europe, surface water, such as lakes and rivers, provides 81% 
of all fresh water and is the main water resource for industry, the 

energy sector and agriculture. On the other hand, public water supplies are drawn mainly 
from underground water, which is generally of better quality.

From golf courses to book printing, from olive oil to vaccines, all the goods and services 
on which we depend for a number of our daily activities require a vital resource: water. 
A new report by the European Environment Agency confirms that in many parts of 
Europe, water is overexploited. It proposes recommendations aimed at a new approach 
to managing water resources. 

The report is available at the following Web site:   
http://www.eea.europa.eu/publications/water-resources-across-europe.

http://www.eea.europa.eu/publications/water-resources-across-europe
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from underground water, which is generally of better quality.

From golf courses to book printing, from olive oil to vaccines, all the goods and services 
on which we depend for a number of our daily activities require a vital resource: water. 
A new report by the European Environment Agency confirms that in many parts of 
Europe, water is overexploited. It proposes recommendations aimed at a new approach 
to managing water resources. 

The report is available at the following Web site:   
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7.2. Consequences of the excessive exploitation of water resources

Management of water resources is an element that must be considered in any sustainable 
development strategy as well as in maintenance of biodiversity.

The private standards which register ‘sustainable development’ as an objective (e.g. 
GLOBALG.A.P.) thus impose on producers sustainable management of water and the 
prevention of its pollution. As well as ‘carbon footprint’, it will be necessary to address 
the ‘water footprint’ of a production!

Agriculture uses a significant and growing proportion of water resources. This excessive 
exploitation of resource increases the probability of serious water shortages during dry 
periods. Climate change, which is responsible for the periods of heat and drought that 
affect many regions of the world, worsens local water shortages. More frequent periods 
of greater heat and greater drought place water resources under greater pressure. 

Intensification of both agriculture and water consumption has led to the emergence of 
growing environmental problems: 

• direct impact of extraction leading to a lowering of groundwater or to reductions 
in the rate of flow in rivers;

• secondary impacts that are more difficult to measure, such as the disappearance 
of wetlands (also linked to the introduction of drainage systems), the appearance 
of oxygen deficits in rivers, which can lead to the extinction of certain vegetable 
or animal species, or the gradual salination of groundwater near coastal areas. 

• impacts linked to the use of water on farming land, leading to increased leaching 
of nitrates or pesticides, as well as pollution of underground layers and of rivers;

• environmental problems associated with the construction of dams and with 
diverting watercourses for irrigation. 

Overuse also reduces the quality of the water (because pollutants are less diluted), and 
it risks provoking the infiltration of salt water into the ground water of coastal regions 
(European Environment Agency, 2009). The ecosystems of rivers and lakes can also be 
seriously disturbed, causing the death of certain plants and animals, in the case of falling 
water levels or complete drought. Water quality will also be affected by the increase in 
temperatures of aquatic environments and the weakening of the rate of flow in watercourses.

http://www.eea.europa.eu/publications/water-resources-across-europe
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7.3. Measures to take

According to the European Commission, dealing with the question of water efficiency 
in agriculture, which uses 1/3 of the water in the European Union, should be one of 
the priorities in reforming the Common Agricultural Policy (CAP). The European water 
industry (closely followed by large-scale distributors and consumers) has urged farmers 
to record their exact water consumption and to opt for more efficient methods of 
irrigation, in an attempt at reconciling the CAP with the Framework Directive on Water, 
and open the way to a ‘New Blue Deal’. 

In certain regions, the end of irrigation would trigger the abandonment of farmland 
and serious financial difficulties for producers. The use of water in agriculture must 
therefore become more efficient, in order to preserve sufficient water resources. For a 
sustainable use of water, farmers must be offered more effective techniques, adequate 
financial incentives, information on water conservation, as well as help to adapt and to 
reduce their ‘water footprint’. There is a need to analyse water needs, take measures 
against drought, and manage the current water crisis. It is also important to develop 
long-term water management policies (quality and quantity) and to do everything to 
encourage water saving, by investing in research into more efficient methods, and to 
support water supply, by investing in projects such as the creation of dams to store 
water, or in desalination plants to make water drinkable. 

7.3.1. Improve irrigation techniques

The effectiveness of irrigation (defined as the relationship between extracted water 
and water that is effectively consumed by the plant) varies according to the climate 
(temperature and rate of evapo-transpiration), soil characteristics, the type of crop, 
changes in altitude, technical requirements, the state of installations, irrigation practices 
and irrigation techniques (e.g. border irrigation, furrow irrigation, drip irrigation) and 
water delivery (gravity, under pressure). 

The effectiveness of irrigation varies between 50 and 70% in gravity systems, but it 
can rise to more than 95% in modern drip irrigation systems.
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and water that is effectively consumed by the plant) varies according to the climate 
(temperature and rate of evapo-transpiration), soil characteristics, the type of crop, 
changes in altitude, technical requirements, the state of installations, irrigation practices 
and irrigation techniques (e.g. border irrigation, furrow irrigation, drip irrigation) and 
water delivery (gravity, under pressure). 

The effectiveness of irrigation varies between 50 and 70% in gravity systems, but it 
can rise to more than 95% in modern drip irrigation systems.

Drip irrigation is a method of controlled watering that makes efficient use of available 
water.

Drip irrigation requires a water-supply and distribution network. The water-supply 
includes the source of water, the pump, the filtration system, the pressure regulator, 
and the necessary pressure indicators, with possibly a water meter or an electronic 
regulator. The distribution network includes the main conduit and the lateral conduits or 
drip conduits along the rows of plants. Thanks to a small drip-feed mechanism made of 
PVC or to a PE pipe, the system trickles the water needed to the area directly surrounding 
the seeds. The plant can then use the water with little loss to infiltration or evaporation.

This technique allows a reduction in the quantities of water extracted for irrigation, thus 
reducing the need for investment in infrastructure for storage and capturing new water 
resources.  It therefore also limits problems linked to soil erosion and to the salination 
of groundwater in coastal areas.

Under certain conditions of high soil salinity or high salt content in irrigation water 
drawn from underground sources, however, the limited amounts of water provided by 
drip-feed irrigation cannot restore soil quality and/or wash out excess salt. 

In addition, when considering irrigation efficiency, it should be noted that the water that 
is ‘lost’ to the irrigator and to the irrigated system is not necessarily lost to the drainage 
basin. In the case of irrigation, a reasonably significant amount of extracted water returns 
to the watercourses or underground reserves, either through runoff or by infiltration. 
‘Losses’ can therefore be reused by other users situated further downstream along 
the watercourse, or by pumping water from the underground reserves. However, there 
are few fluid  balance reports for drainage basins that would allow an assessment to 
be made of actual losses (e.g. the volume of water returning to the sea exceeding the 
volume needed for the proper functioning of ecosystems and for economic activities) 
linked to inefficient irrigation. 

7.3.2. Removing perverse financial incentives

Whilst the use of water in agriculture is gradually becoming unsustainable in some 
parts of the world, the farming policies applied create unfortunate incentives: in that 
farmers rarely bear the real cost of irrigation, the vast systems of irrigation (‘irrigated 
areas’) being set up and/or managed by public authorities. The farmers have therefore 
adopted methods of irrigation that use large volumes of water (boom spraying, furrow 
irrigation) because of relatively low levels of investment being needed and resulting 
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gains in productivity. In Spain for example, 14% of irrigated farming land generates more 
than 60% of the total value of farming products. Water pricing is the main mechanism 
that allows influence over water consumption, so as to maintain a balance between the 
economic, environmental, and social objectives of society. Research has shown that 
prices that reflect the real cost of water allow effective control of extraction, and that 
when water is invoiced by volume, farmers reduce irrigation or adopt measures aimed 
at improving water productivity. National and European subsidies can also encourage 
the adoption of water-conservation techniques.

7.3.3 The use of new resources

Desalination is an alternative to traditional water resources that is increasingly used. 
Mediterranean countries rely increasingly on desalination to meet their fresh-water 
needs. Shortages of water are not limited to Southern Europe. The United Kingdom 
is currently building its first desalination plant to the east of London. The plant could 
produce 140 million litres of water per day. However, the process of transforming salt 
water into drinking water uses large amounts of energy. Some plants currently use solar 
energy, which is a positive step. Nonetheless, desalination remains a costly operation. 
Likewise, brine, which is a by-product of the desalination process, is difficult to eliminate 
and can be harmful to the environment. 

Specially treated waste water can, in certain cases, be used for irrigation. It is necessary 
to re-state here the general principal according to which primary responsibility, in terms 
of food security, falls upon the horticulturists/farmers, when selecting the type of water 
to irrigate their crops. Horticulturalists / farmers must do everything possible to avoid 
contamination of the vegetable products that they grow and irrigate, acting in accordance 
with local and European legislation. As a result, as part of self-regulation and best 
practice in farming, they must assess the risks that may be associated with irrigation 
of vegetable products that they grow, and if necessary, they must take precautionary 
measures to contain all risks of contamination of the vegetable products that they grow 
and irrigate. The principal recommendation consists of banning the use of untreated 
(i.e. unpurified) waste water for irrigation. Underground water, rain water, or surface 
water (or a combination of those), whether or not previously stored in open or closed 
wells or reservoirs, and possibly recycled after previous use, can be used for irrigation 
if it has been shown by a risk assessment that when the water is used, the risks to food 
security are contained.

It is generally recognised as acceptable to use water from:

• washing fruit and vegetables (except water used to  wash root vegetables or tubers); 

• processes leading to decontamination of products (water from blanching/ 
sterilisation);

• processes occurring after all operations that lead to decontamination of products 
(water from cooling after blanching/sterilisation, water from fast deep freezing);

• washing blanching/sterilisation equipment, as well as washing and defrosting 
cooling equipment. 

In addition to the origin of waste water (which is often linked to water quality), other factors 
can influence the level of risk to health from consuming irrigated vegetable products:
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1. Type of irrigation.

 Irrigation by sprinkling can often directly expose the harvested part of the vegetable 
to irrigation water. Thus, contaminants that may be present in this water can be 
deposited directly on to the surface of the edible part of the vegetable. From this 
point of view, spot irrigation presents a very limited risk, since in principle there 
is no direct contact between irrigation water and the edible part of the vegetable.

2. Type of crop.  

 The edible part of the vegetable can be held off the soil (e.g. tomatoes, apples, 
etc.) situated on the surface of the soil (e.g. salad leaves, spinach, etc.) or situated 
in the soil (e.g. carrots, potatoes.etc.), and can therefore be contaminated to 
varying degrees by irrigation water. In addition, depending on the morphological 
characteristics of the irrigated vegetable, it may be that irrigation water is trapped 
by the vegetable, or even by its edible part (e.g. irrigation water retained by the 
salad leaves). 

3. The period between final irrigation and harvest.

 It has been shown that the action of certain factors could reduce the concentration 
of certain contaminants present on the vegetable products over the course of time 
(e.g. photodegradation of faecal bacteria).

4. Post-harvest treatment applied to the irrigated vegetable product.

 Obviously, an irrigated vegetable product that is eaten raw, such as tomatoes 
or salad leaves, intrinsically presents more risks to the consumer, e.g. from 
a microbiological point of view , than an irrigated vegetable product has been 
subjected to post-harvest thermal treatment, such as blanching.

7.3.4 Provide better information for better adaptation

Appropriate selection of crops and irrigation techniques, in association with programmes 
of guidance for farmers, can contribute to a measurable improvement in the effectiveness 
of water used for agricultural purposes. Measures aimed raising public awareness, 
such as eco labelling, eco certification, and educational programmes are essential for 
sustainable use of water resources.

The Water Exploitation Index is a good example of the type of information that is essential 
to give an idea of the magnitude of the problems that face us and their location in a 
region. In simple terms, the index shows water demand as proportion of available 
water resources in a country or a region. An index of more than 20% generally indicates 
a shortage of water. This level of information is essential in terms of adaptation. By 
knowing the quantity of water available in a region, its origin, and its users, it is possible 
to establish effective local adaptation strategies. 

At the level of production, the Water Footprint is of greater interest.
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7.4. Water Footprint  
7.4.1 What is Water Footprint ?

Water is a rare resource. In many countries, it is increasingly 
difficult to access water of sufficient quality. This leads to 
reflection on the concept of ‘Water Footprint’. Water Footprint 
is derived from the notion of Ecological Footprint and the 
approach can be considered in parallel with that of Carbon 
Footprint. 

Water Footprint logo (www.waterfootprint.org) 

Water is necessary to produce goods and provide services.

The Water Footprint differs from water consumption per capita (by individuals) in the 
sense that it takes into account the water used directly and indirectly for the sake of 
producing goods and services.

The Water Footprint of a product (or installation, good or service) amounts to the total 
volume of water that is used at all steps of its production process. It is the total volume 
of water that is used by any activity as well as by the related activities, including the 
water used in the supply chain. The quantity of water used is called ‘virtual water’ of 
the item or volume of ‘embedded’ water of the product.

For example, drinking a cup of coffee in Europe represents a water use of ± 140 litres 
of water for a cup of… 125 ml! The direct consumption will indeed be something like 
20 cl, but the water used to produce the coffee beans is 140 litres. This can be divided 
into green water (rain), blue water (irrigation from streams and rivers and evaporation 
from the growing plants) and grey water (water contaminated by pesticides used during 
production). Direct consumption water is negligible and will be hidden in grey water 
(urine) and blue water (perspiration). Water will have been used to help grow the plants, 
to wash, convey or roast the coffee, etc.

PRODUCT WATER USED

1 kg rice 3,000 L
1 kg maize 900 L
1 kg wheat 1,350 L
1 litre milk 1,000 L
1 kg beef meat 16,000 L

These calculations are possible thanks to a measuring tool developed by 7 international 
organisations, among which are WWF, UNESCO, International Finance Corporation 
(subsidiary of the World Bank) and World Business Council for Sustainable Development, 
that founded the Water Footprint Network:
www.waterfootprint.org/?page=files/home.

http://www.waterfootprint.org
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The Water Footprint left by an individual, a company or a nation is the total volume of 
fresh water used to produce the goods and services consumed by this individual, company 
or nation. The Water Footprint is also referred to as the water volume used in one year.
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The consumption per capita of virtual water contained in food differs according to the 
dietary pattern. Surviving requires 1 m³/day, vegetarian food 2.6 m³/day and 5 m³/day 
are needed in case of meat-eating diets such as those in Northern America. 

A WWF survey reveals that – beyond the amounts of water we use every day to drink, 
wash, clean, water plants etc., – we use 40 times as much virtual water for the production 
of our food and clothes.

Why does Italy score so much, just behind the Americans? Once again because of 
dietary patterns: a pizza Margherita requires 1,200 litres of fresh water and a kg of 
pasta some 2,000 litres. If you are a genuine Italian you are supposed to have stylish 
leather shoes too; these cost some 8,000 litres in terms of Water Footprint.

7.4.2 What is Water Footprint made of?

Since not all the goods consumed in a country are produced in the country itself, the 
Water Footprint is made of two elements:

• The use of resources in domestic waters;

• The use of water resources from abroad, i.e. the ‘imported’  water: in other words, 
the water used in another country for production of the goods and services in 
question. Take for example exotic fruit imported by a Northern country; irrigation 
water in the producing country will be included in calculation of the Water Footprint 
of the importing country. So flows of virtual water can be measured. Take Japan, 
for example, where the Water Footprint amounts to 1,150 m³/head/year: 65% of 
this footprint is external to Japan. Belgium is a transit country with much import 
and export traffic; its external footprint reaches a rate of 75%. A large part of the 
percentage originates from so-called dry countries like Pakistan, Uzbekistan, 
Egypt, Israel, India and Spain. In China only 7% of the Water Footprint (total = 700 
m³/head/year) come from abroad. 

USA =
2,483 m³/head/year

Italy =
2,332 m³/head/year
 
France = 
1,875 m³/head/year
 
Ethiopia =
 675 m³/head/year

World average = 
1,243 m³/head/year
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The total volume of flows of virtual water linked with international trade of goods 
amounts to 1,600 km³/year. Approximately 80% of these flows of virtual water are linked 
with the trade of agricultural goods, the remaining 20% being related with industrial 
products.

Many products like coffee, cotton or flour are cultivated in the driest areas of the world 
where water resources are scarce or soon will be. It is therefore critical that companies 
and governments identify the areas that are likely to go into water crisis and consequently 
develop solutions so that the environment is not overexploited and populations as well 
as ecosystems do not suffer from it.

Globally, water conservation is possible when agricultural products are exchanged 
between regions with high water productivity and areas where water is scarce. Today, 
if importing countries were to produce themselves the agricultural goods they import, 
they would need 1,600 km³/year of water. Exporting countries only use 1,200 km³/year 
to produce the same goods. At world level, therefore, the volume of saved water comes 
to 400 km³/year. 

7.4.3 Why calculate the Water Footprint?

Calculating the Water Footprint meets a double need:

1. Inform consumers. Consumers are increasingly worried about their environmental 
impact and information can influence their behaviour and purchasing decisions;

2. Ensure water safety of products that are particularly dependent upon water 
resources, notably in the area of agro-alimentary or textile industries, in countries 
where water is scarce or threatened by significant pollution.

Companies are increasingly inclined to record their water consumption and they should be 
even more so in the future. The private sector can indeed play a critical part in the saving 
of water. It should commit itself to better management of water use, together with those 
authorities and rural communities involved in the production chain. Companies should 
do their utmost to promote a more efficient use of water in areas where the risk of water 
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shortage is real. In India and Pakistan WWF works with farmers cultivating water-consuming 
goods like cotton, rice and sugar cane to develop techniques that are both less demanding 
in terms of water use and provide better yields. According to WWF one of the sugar cane 
farms requires 40% water less than before and the crop volumes are 30% higher.

7.4.4 How to calculate the Water Footprint?

The University of Twente (NL) has developed a calculation tool14 after years of study within 
a UNESCO project (United Nations Educational, Scientific and Cultural Organization). The 
researchers analyzed in each country the local behaviour in terms of water consumption: 

• for home use: inside the house (cooking, showering, bathing, etc.) as well as 
outside (watering plants, filling a swimming pool, etc.);

• for industrial use: less easy to calculate precisely. According to Hoekstra, the most 
representative indicator of industrial consumption of water is the level of salaries, 
in that it determines the standard of living. Indeed: the more you earn, the more 
you are likely to use, even indirectly, goods coming from industrial production.

A Water Footprint Calculator is available at:
http://www.waterfootprint.org/?page=files/YourWaterFootprint

Whilst the concept of ecological footprint (or Carbon Footprint) took more than 10 years 
to fully define, the more recent concept of Water Footprint appeared first in 2002 and 
still needs to be refined. One aspect that is still questioned is the extent or ‘perimeter’  
to be taken into account (production only or the full supply chain from the raw materials 
onwards?). The same is true for the relative value that is calculated: a given volume of 
water will not represent the same pressure on water resources in every region (compare 
arid areas with countries where water is generously available).

Researchers are therefore working towards an agreed definition of the concept. Beyond 
the quantity of water used and the need to conserve resources, the real questions are 
maybe “what kind of water?” and “how is it used?”

More and more companies have recourse to the concept of Water Footprint to report on 
the volumes of water required by their production. Nevertheless they seldom take into 
account such items as the volume of water needed to produce the electricity they need 
for their production. The World Business Council for Sustainable Development (WBCSD) 
is currently developing a new model that also takes into account the energy factor in 
the Global Water Tool calculation (a pioneering method introduced in 2007 that helps 
companies to manage their water consumption with greater awareness).

More information on the topic is available in the 2nd United Nations World Water 
Development Report, Water, a Shared Responsibility, as well as on the Web site of the 
UNESCO-IHE Institute for Water Education.

14  Chapagain, A.K. & Hoekstra, A.Y.(2007). The water footprint of coffee and tea consumption in the Netherlands, 
Ecological Economics 64(1): 109-118.

  Hoekstra, A.Y. & Chapagain, A.K. (2008).Globalization of water: Sharing the planet's freshwater resources, 
Blackwell Publishing, Oxford, UK.

  Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M. & Mekonnen, M.M. (2009). Water footprint manual: State of 
the art 2009, Water Footprint Network, Enschede,The Netherlands.
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CHAPTER 6

1.  DEFINITIONS AND DIMENSIONS OF BIODIVERSITY (COMPOSITION, 
STRUCTURES, FUNCTIONS)

1.1. What is biodiversity? 

Biodiversity, or biological diversity, is the name given to the extraordinary variety of life 
on Earth. Biodiversity is:

• the diversity of species of animals, plants, fungi, algae, bacteria and viruses;

• the diversity between individuals of the same species, or genetic diversity 
(differences in size, shape, colour, etc.);

• the diversity of ecosystems, i.e. of different habitats (a pond, a forest, a coral reef), 
with the species that live within them and their interactions.

The term ‘biodiversity’ has been used in everyday language since the Rio Earth Summit 
(in 1992) to refer to the diversity of all life forms: plants, animals and microscopic 
organisms, but also their habitats. It is a contraction of the terms biology and diversity. 

Article 2 of the Rio 1992 Convention on Biological Diversity defines biological diversity as:

“the variability among living organisms from all sources including, inter alia, terrestrial, 
marine and other aquatic ecosystems and the ecological complexes of which they are 
part; this includes diversity within species and between species and of ecosystems”.

Biodiversity therefore represents:

• The biological wealth of the environment, made up of all the organisms that inhabit 
it: biodiversity is therefore often represented by species diversity (represented 
by their genes). Quite simple to measure, diversity corresponds to the list of 
species inhabiting a given area/environment, and reflects the health of that 
environment. Since each species (plant or animal) has a very specific genetic 
code that determines its characteristics (e.g. its resistance to certain diseases 
or drought, or its morphology), the diversity of species is also genetic diversity, 
and the disappearance of certain species leads to the disappearance of certain 
potentially valuable genes.

• The relationships that living organisms may have with each other and with the 
environments in which they live. Relationships between living organisms are 
multiple: they help each other, eat each other or compete with each other for the 
use of available resources. Human beings are one of these many species, and 
are part of biodiversity. Biodiversity therefore covers the relationships between 
humans and landscapes, and the living organisms that support them, and the 
diversity of these relationships and dependencies between humans and the 
species living in the same environment, and the relationships that all species 
forge with their environment.

•  The diversity of environments and the landscapes they form. The latter are made 
up of an infinite number of ecosystems of varying size (ranging from a pool of 
water to a forest). Each ecosystem comprises the living organisms that inhabit it, 
and the physical environment in which they live and on which they depend (soil, 
relief, climate, etc.), and on which they in turn exert influence. 
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• the diversity of ecosystems, i.e. of different habitats (a pond, a forest, a coral reef), 
with the species that live within them and their interactions.

The term ‘biodiversity’ has been used in everyday language since the Rio Earth Summit 
(in 1992) to refer to the diversity of all life forms: plants, animals and microscopic 
organisms, but also their habitats. It is a contraction of the terms biology and diversity. 
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it: biodiversity is therefore often represented by species diversity (represented 
by their genes). Quite simple to measure, diversity corresponds to the list of 
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environment. Since each species (plant or animal) has a very specific genetic 
code that determines its characteristics (e.g. its resistance to certain diseases 
or drought, or its morphology), the diversity of species is also genetic diversity, 
and the disappearance of certain species leads to the disappearance of certain 
potentially valuable genes.

• The relationships that living organisms may have with each other and with the 
environments in which they live. Relationships between living organisms are 
multiple: they help each other, eat each other or compete with each other for the 
use of available resources. Human beings are one of these many species, and 
are part of biodiversity. Biodiversity therefore covers the relationships between 
humans and landscapes, and the living organisms that support them, and the 
diversity of these relationships and dependencies between humans and the 
species living in the same environment, and the relationships that all species 
forge with their environment.

•  The diversity of environments and the landscapes they form. The latter are made 
up of an infinite number of ecosystems of varying size (ranging from a pool of 
water to a forest). Each ecosystem comprises the living organisms that inhabit it, 
and the physical environment in which they live and on which they depend (soil, 
relief, climate, etc.), and on which they in turn exert influence. 

Biodiversity reflects and conditions the evolution of species (from bacteria to large 
mammals) in an environment, their ability to evolve and to adapt, the balance and 
sustainability of the ecosystems (from the smallest ecosystem to the biosphere as a 
whole). 

The depletion of biodiversity can be seen all over the world. Human activities are the 
main cause of this, through the destruction of environments, the introduction of foreign 
species, or over-exploitation of certain species. Acknowledging this, international, 
European and national policies are increasingly incorporating the maintenance and 
management of biodiversity as pre-requisites for sustainable development. 

In June 1992, the Rio de Janeiro Summit catapulted concerns about the diversity of 
the living world onto the international stage. All signatory countries decided, through 
a Convention on Biological Diversity (CBD), to prioritise the protection and restoration 
of the diversity of life on earth, considered one of the vital resources for sustainable 
development. 

1.2. Dimensions of biodiversity

There are 3 dimensions to biodiversity: composition (what is present); structure 
(how the elements present are organised in relation to each other); and, function (the 
processes that generate biodiversity and affect structure and composition). To profile 
biodiversity in a given environment, we therefore need to look at:

• the diversity of species: knowing species diversity (number, frequency, etc.) 
and gene diversity, and understanding the basis for this diversity to reveal the 
mechanisms of adaptation and evolution;

• the diversity of habitats and ecosystems: studying the structure, diversity and 
function of the ecosystems, underpinning the balance of biodiversity;

• the diversity of landscapes and human practices: studying the landscape and 
observing local practices (for example, agricultural practices!) that play an essential 
role in biodiversity management. 

The concept of biodiversity is inseparable from concepts of ‘time’ and ‘dynamic balance’. 
The balance observed between the various species at a given moment has generally taken 
a relatively long time to become established, but is not fixed. It should be remembered 
that more than 99% of the species that have populated the Earth have now disappeared...
but most of them have been able to evolve into new species.

1.3. Habitats and ecosystems

A habitat or an ecosystem is a general term covering the physical environment (the 
biotope, characterised by the climatic conditions, physical and chemical properties of 
a territory, etc.) and the community of organisms that live, feed and reproduce there 
(biocenosis). 

Scientists apply the concept of habitat from a classification perspective. The number 
of habitats is an indicator of biodiversity. A region comprising a mosaic of functionally 
interacting habitats is known as a landscape.

The ecosystem focuses on the interactions between living organisms and between 
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these organisms and the environment they inhabit. Lakes, forests and small-holdings, 
together with the species that inhabit them, form ecosystems. Studying an ecosystem 
involves analysing how it functions, and assessing how it may evolve, for example as 
a result of environmental changes such as the introduction of a crop.

1) Phytoplankton

(2) Zooplankton

(3) Invertebrates

(4) Herbivorous fish

(5) Carnivorous fish

(6) Decomposers (larvae, worms, micro-organisms)
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2. BIODIVERSITY: IMPORTANCE AND THREATS
2.1. The importance of biodiversity 

Biodiversity is our ‘green capital’: it is the basis of our daily diet, of our health, and of our 
activities. It is the guarantee that our planet is stable and functioning well. It supplies 
us with many products: food, building materials, insulation and decorative materials, 
textile fibres, the active ingredients of several medicines, and fuels.

The services provided by ecosystems are essential to our survival: our drinking water is 
available thanks to forests and wetlands acting as sponges, filters and reservoirs. Most 
of the fruit and vegetables we eat can only grow thanks to pollination by certain insects, 
birds and mammals. Plant species – from tropical forests to marine phytoplankton – play 
an essential role in regulating the world’s climate, such as by absorbing carbon dioxide 
(CO2) and producing atmospheric oxygen. 

There are many examples of ‘ecosystem services’:

Mountains and polar regions

Food
Fibres
Fresh water
Combating erosion 
Climate regulation 
Leisure and ecotourism 
Aesthetic values 
Spiritual values

Forests and woodlands

Food
Wood 
Fresh water
Firewood
Flood control 
Disease control 
Carbon trapping 
Climate regulation 
Medicines
Leisure
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Rivers and wetlands
Fresh water
Food
Pollution control
Flood control 
Sediment retention and transport
Disease control 
Nutrient cycle 
Leisure and ecotourism 
Aesthetic values

Cultivated land
Food
Fibres
Dyes 
Pest control 
Medicines
Nutrient cycle 
Aesthetic values 
Cultural heritage

Arid land
Fibres
Climate regulation 
Medicines
Leisure
Aesthetic values 
Cultural heritage
Spiritual values

Coastal zones
Food
Climate regulation 
Waste processing
Nutrient cycle 
Protection against storms and waves
Leisure and ecotourism 
Aesthetic values

Urban areas
Parks and gardens
Air quality control
Water control 
Local climate control 
Cultural heritage
Leisure
Education
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Biodiversity therefore offers advantages that are, unfortunately, often difficult to put a 
figure on: medicines (basic healthcare for up to 80% of the population in developing 
countries),food (fruit crops, root and leaf crops) and fibre intake, wild resources (bush 
meat, fish) and forest products (wood, bark, latex) that are essential to the livelihood 
of many rural households. In addition, ecosystems play roles of substantial economic 
value, although most remain largely under-valued. The services provided by ecosystems 
represent an economic value, which explains why sustainable management of ecosystems 
is often valued more highly than the value of their exploitation for economic purposes.

The preservation of biodiversity is a response to a social requirement in Europe. There 
are two types of justifications for this. The preservation of biodiversity is justified by the 
services biodiversity provides to humankind, both now and in the future (soil fertility, 
the flavour of foods, aesthetic pleasure, etc.) and the benefits that humans can derive 
from exploiting the genetic resources present in ecosystems. Plants and animals have 
an economic potential that is not always obvious or recognised (particularly for food 
and medicines).

2.2. Biodiversity in agriculture

The importance of biodiversity in agriculture can be underlined by the simple fact that 
all plants and animals used in agriculture today come from wild species. 

Agricultural biodiversity represents the variety and variability of animals, plants and 
micro-organisms that are used directly or indirectly for food and agriculture, including 
crops, livestock farming, forests and fishing. This ‘biodiversity’ includes the diversity of 
crop varieties, animal breeds, and the diversity of species used for food, fodder, fibre, 
fuel and pharmaceutical products. It also includes: the diversity of non-harvested 
species that are nevertheless involved in production (soil micro-organisms, predators 
and pollinators), not to mention the species that support and participate in the diversity 
of ecosystems (agricultural, pastoral, forest and aquatic).

Agriculture could not survive without biodiversity and the many major ecosystem services 
provided, such as:

• Soil fertility: produced by 6,600 kg/hectare of living organisms;

• Pollination: 90% of flowering plants depend on animal pollinators;

• Water: supplied by afforestation in the upper part of river basins;

• Shade for coffee or cocoa plantations, etc.

Biodiversity is recognised as fulfilling many roles, which explains the value of preserving 
it despite intensive farming practices:

• To increase productivity, food security and profitability;

• To reduce agricultural pressure in fragile regions and forests, and pressure on 
endangered species;

• To make agricultural production systems more stable, more robust and more 
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sustainable;

• To contribute to integrated pest and disease control;

• To preserve soils and increase their natural fertility and health, by increasing 
their organic matter content;

• Carbon capture;

• To contribute to sustainable intensification;

• To diversity products and income opportunities; 

• To reduce or even share risks between individuals or nations; 

• To help maximise the efficient use of resources and of the environment; 

• To reduce dependency on external inputs; 

• To improve human nutrition and provide supplies of medicines and vitamins, etc.; 

• To protect the structure of the ecosystem and the stability of species diversity.

2.2.1. Use of genetic resources

Genetic diversity in an ecosystem is a guarantee of stability and resistance to disruption. 
For example, when a new pest or invasive exogenous species appears, a species-rich 
ecosystem will be quicker to adapt and to return to a state of equilibrium. 
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Genetic diversity has been exploited by humans since we began domesticating plants 
and animals by selecting and crossing individuals that have characteristics best suited 
to our everchanging needs. 

Despite there being a wide variety of known species, those that are cultivated are few 
in number. Indigenous varieties are, however, adapted to local conditions, ecologically 
sound and nutritious. But they are often considered ‘backward’ (e.g. low yield), and so 
have been abandoned by scientists and ignored by policymakers. 

Nevertheless, indigenous/traditional species/varieties offer undeniable nutritional 
benefits. Their marginalisation has led to ‘hidden famines’ (malnutrition due to food 
imbalance and a lack of essential nutrients and trace elements).
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Comparison of the respective nutritional values of a traditional leafy vegetable such as 
amaranth and cabbage (according to E. Frison, Biodiversity International – 2010):

Content per 100 g Amaranth Cabbage

mg Iron 8.9 0.7
mg Calcium 410 47
µg ß-carotene 5,716 100

Growing traditional species contributes to biodiversity conservation. But producers are 
yet to find a stable and lucrative market for these products, which would otherwise be 
unknown.

The genes of wild species can play a key role in crop protection (to select resistant 
varieties), and the protection of livestock against pests and diseases. In addition, numerous 
other species offer potential value of which we are not yet aware.

Plant species have been selected primarily to meet the requirements of intensive 
farming and for their high yield. Corn (maize) is a striking example: teosinte, its most 
likely ancestor, was stunted and low yielding compared to the corn available nowadays.

In Kenya, in partnership with Family Concern (a NGO) and 
the Uchumi supermarket chain, the sale of traditional 
leafy vegetables takes pride of place. Customers have 
been informed of the nutritional value of amaranth 
through the distribution of information leaflets.

A seed supply has been organised, and producers have 
received agricultural training for cleaner, better-quality 
production.

Sales have increased by 1,100% in two years!

Present-day sweetcornEvolution of cornTeosint
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2.2.2. Soil fertility and conservation

The long-term preservation of soil fertility cannot be achieved with fertilisers alone. It 
depends heavily on the preservation of biodiversity at micro-organism (bacteria, fungi) 
level, or small invertebrate (earthworms, termites) level. 

The effectiveness of erosion control depends, to a large extent, on the condition of field 
borders (hedgerows, dry stone walls, grassed strips, ditches and embankments, etc.). 
On the one hand, it is a matter of preserving windbreaks and preventing muddy water 
run-off (over 10 tonnes of soil per hectare can be removed from a ploughed field during 
a heavy storm). On the other hand, water infiltration must also be encouraged, as soil 
micro-organisms are capable of breaking down normal concentrations of pesticides, 
limiting the extent of water pollution. This system cannot, however, correct the harmful 
effects of excessive fertiliser spreading.

2.2.3. Crop protection

An adequate diversity of fauna and flora bordering fields prevents the proliferation of 
weeds and pests (slugs and insects, etc.). Weeds come up against competition from 
non-invasive plants, and the pests are a source of food for many animals (birds, shrews, 
hedgehogs, spiders and ground beetles).

Through numerous observations and experiments, entomologists have demonstrated 
that crop diversification contributes to the natural regulation of pest populations by 
beneficial organisms (insects or mites), although without necessarily guaranteeing the 
desired level of protection in all cases. It is more the abundance of beneficial populations 
that is increased, rather than their biological diversity. The importance of the role played 
by indigenous and generalist predator arthropods should be noted. This reinforces the 
need to preserve habitats from the outset.

2.2.4. Plant pollination and development

The growth and development of many plants depend on pollinating animals (bees, 
bumblebees, butterflies, birds and even bats), aerators (earthworms, moles, etc.) and 
decomposers (bacteria, fungi, insects, etc.). A large-scale destruction of these organisms 
would have drastic consequences for food production.
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Loss of biodiversity is associated with a series of complex factors. The main factors 
are climatic, notably recurrent droughts, and anthropogenic, including deforestation, 
uncontrolled logging for energy, bush fires, overharvesting (unripe fruit, young shoots, 
mutilation of trees), overgrazing, poaching, illegal fishing, agricultural pressure, poverty, 
excessive use of chemicals or the introduction of exotic species (the water hyacinth, 
originating from South America and introduced into the Bamako region around 1990, is 
a typical example of this. This invasive plant poses a threat to aquatic plant and animal 
species, which it asphyxiates).

The primary consequence of loss of biodiversity is a depletion in the variety of plants 
and animals, culminating in the extinction of certain species. This depletion will be 
exacerbated through its impact on biological interactions such as food chains. The 
disappearance of plants and animals that provide an exclusive source of food for other 
animal species will also lead to the latter’s extinction.

Agriculture has increased the number of habitats favourable to species that live in open 
spaces, but this has not been accompanied by the emergence of new species. These are 
species that initially inhabited clearings or unwooded areas, and which have proliferated 
as forests have been cleared. 

The way in which agricultural practices are carried out, the use of inputs (fertilisers and 
pesticides) and mechanisation all have an impact on biodiversity. Generally speaking, 
there is greater biodiversity when farms practise extensive production, organic production, 
mixed cropping or extensive, traditional livestock farming. 

Beneficial effects on biodiversity Unfavourable effects on biodiversity

The use of traditional or local varieties and 
breeds

A reduction in the number of varieties in 
favour of a single, higher yield

Selection of new varieties and more 
resistant breeds

Use of products that destroy the wild fauna 
and flora

Preservation of wild fauna and flora Plot uniformity and monoculture

Preservation of natural grassland or rough 
grazing for herbivores

Digging up of hedges

Agricultural practices substantially alter landscapes and the composition of the ecosystems 
they support. Mechanisation, with the subsequent intensification of production, leads to 
an expansion of agricultural plots. It requires the removal of obstacles in the form of the 
natural habitats at the edges of fields (hedges, embankments, ditches and wetlands, 
etc.). The increase in size of the plots also isolates natural habitats from each other. 

The irresponsible use of plant protection products (herbicides, insecticides), which are 
often not very selective, causes the depletion or even extinction of certain species, either 
directly (toxic effects) or indirectly (disappearance of habitats and food). A decrease in 
the number of butterfly and bird species (particularly species endemic to agricultural 
areas), a reduction in small game and a decline in the number of pollinators, and so 
on, can be seen throughout Europe. Poisoning, pollution of habitats and food chains, 
and a decline in biological diversity are the unintended but significant consequences of 
plant protection treatments. However, it is now a well-known fact that respect for the 
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way in which ecosystems function, which involves the preservation of biodiversity, is the 
key to the sustainable integration of agriculture into a long-term strategy for managing 
natural resources.

Fertilisers disrupt how aquatic and terrestrial environments function, creating conditions 
conducive to invasion by certain species. In over-fertilised grasslands, the plants that 
derive the most benefit from the use of fertilisers (nettle, couch grass, sorrel, etc.) 
displace the others. The depletion of flora leads to depletion of fauna.

The impact of an agricultural holding on the environment depends on numerous factors 
(the size of the farm, the type of agriculture, crop history, etc.). Biodiversity increases 
when the plots are small and crops are diversified. A study carried out in Sweden showed 
that, in the case of conventional farming, there were twice as many species of birds, 
butterflies and flowers when farms were less than 50 hectares in size, compared to those 
over 135 hectares. Biodiversity increases when plots are small because the landscape 
is then very heterogeneous and there are a large number of different habitats.

In practice, the preservation of biodiversity requires the preservation or restoration of 
the constituent elements close to their natural state or, at the very least, semi-natural 
states (rivers, hedgerows, grasslands, windbreaks, fallow land, etc.) as well as the 
connections between them, allowing animals to move from one to the other without any 
difficulty (a ploughed field is an insurmountable obstacle for a toad). Interconnections 
can be provided by areas just a few metres wide (embankments, terraces, borders of 
fields and grasslands, etc.). Most species can tolerate breaks of 200 metres.

Trends and figures on agricultural biodiversity:

• Approximately 75% of plant genetic diversity has disappeared since the beginning 
of this century as, across the globe, farmers have abandoned their numerous 
local varieties and traditional cultivars in favour of genetically uniform varieties 
that produce a high yield. 

• 30% of cattle breeds are on the verge of extinction, and 6 disappear every month. 

• 75% of the planet’s foodstuffs are now obtained from just 12 plant species and 
5 animal species. 

• Of the 4% of the 250,000 to 300,000 known edible plant species, only between 150 
and 200 are exploited, and just 3 (rice, maize and wheat) produce approximately 
60% of the calories and vegetable proteins consumed by humans.

• Animals supply around 30% of food and agricultural needs, and 12% of the 
population live almost entirely on products provided by ruminants.

It is better to preserve biodiversity than to restore it. This means that, if a hedgerow 
is created by planting trees and shrubs, in a few years we will obtain a shrub structure 
reminiscent of the architecture of much older hedges. This is sufficient for the new hedgerow 
to begin to benefit farmers in a number of ways (as a windbreak, for water regulation 
and purification, etc.). However, it takes decades, even centuries, for the new hedgerow 
to acquire a typical fauna and flora comprising forest species or forest border species.

In conclusion, agricultural biodiversity plays a fundamental role in overall biodiversity, 
and overall biodiversity is essential to agriculture.
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key to the sustainable integration of agriculture into a long-term strategy for managing 
natural resources.

Fertilisers disrupt how aquatic and terrestrial environments function, creating conditions 
conducive to invasion by certain species. In over-fertilised grasslands, the plants that 
derive the most benefit from the use of fertilisers (nettle, couch grass, sorrel, etc.) 
displace the others. The depletion of flora leads to depletion of fauna.

The impact of an agricultural holding on the environment depends on numerous factors 
(the size of the farm, the type of agriculture, crop history, etc.). Biodiversity increases 
when the plots are small and crops are diversified. A study carried out in Sweden showed 
that, in the case of conventional farming, there were twice as many species of birds, 
butterflies and flowers when farms were less than 50 hectares in size, compared to those 
over 135 hectares. Biodiversity increases when plots are small because the landscape 
is then very heterogeneous and there are a large number of different habitats.

In practice, the preservation of biodiversity requires the preservation or restoration of 
the constituent elements close to their natural state or, at the very least, semi-natural 
states (rivers, hedgerows, grasslands, windbreaks, fallow land, etc.) as well as the 
connections between them, allowing animals to move from one to the other without any 
difficulty (a ploughed field is an insurmountable obstacle for a toad). Interconnections 
can be provided by areas just a few metres wide (embankments, terraces, borders of 
fields and grasslands, etc.). Most species can tolerate breaks of 200 metres.

Trends and figures on agricultural biodiversity:

• Approximately 75% of plant genetic diversity has disappeared since the beginning 
of this century as, across the globe, farmers have abandoned their numerous 
local varieties and traditional cultivars in favour of genetically uniform varieties 
that produce a high yield. 

• 30% of cattle breeds are on the verge of extinction, and 6 disappear every month. 

• 75% of the planet’s foodstuffs are now obtained from just 12 plant species and 
5 animal species. 

• Of the 4% of the 250,000 to 300,000 known edible plant species, only between 150 
and 200 are exploited, and just 3 (rice, maize and wheat) produce approximately 
60% of the calories and vegetable proteins consumed by humans.

• Animals supply around 30% of food and agricultural needs, and 12% of the 
population live almost entirely on products provided by ruminants.

It is better to preserve biodiversity than to restore it. This means that, if a hedgerow 
is created by planting trees and shrubs, in a few years we will obtain a shrub structure 
reminiscent of the architecture of much older hedges. This is sufficient for the new hedgerow 
to begin to benefit farmers in a number of ways (as a windbreak, for water regulation 
and purification, etc.). However, it takes decades, even centuries, for the new hedgerow 
to acquire a typical fauna and flora comprising forest species or forest border species.

In conclusion, agricultural biodiversity plays a fundamental role in overall biodiversity, 
and overall biodiversity is essential to agriculture.

2.3. How agricultural practices affect biodiversity 

2.3.1. At plot level

 ■ Annual crops

Generally speaking, annual crop practices seek to provide optimal conditions for the target 
crops to flourish. To achieve this, producers often eliminate other species to avoid risks 
of competition. In doing so, they reduce the number of species present within the plots. 

The most harmful practices, which directly or indirectly impact biodiversity by modifying 
the environment and biocenosis are: 

• Deep ploughing:

 Deep and repeated ploughing is a common form of annual crop plot management. 
Only species that are highly adapted to this method of management survive in 
the soil and can germinate, i.e. weeds. The macrofauna (earthworms, etc.) is 
even more affected by this practice if the ploughing is deep. Trophic networks 
find themselves modified, finding the composition of the communities of other 
soil species changed. 

• The use of mineral fertilisers:

 The use of fertilisers is likely to lead to the disappearance of species adapted to 
nutrient-poor environments, the modification of tropic levels and the impoverishment 
of communities of soil organisms. 

• The use of chemical pesticides:

 Pesticides, that is, herbicides, fungicides and insecticides, are also one of the main 
causes of the decline in biodiversity in the agro-ecosystems of industrialised countries. 
They selectively or non-selectively affect soil fauna (earthworms, soil arthropods, 
molluscs), as well as plants within the plots and at field edges. Populations resistant 
to these plant protection products grow, and also favour the emergence of pests 
and pathogens resistant to these same treatments. The use of chemical pesticides 
in the medium and long term leads to pest resistance. The consequence of this is 
to upset the balance of biodiversity with an overpopulation of harmful pests with no 
natural predators. Other effects will be described later on.

Other practices and factors that have an impact on the biodiversity of cultivated plots 
are crop rotations and water management. The effects of rotations can mainly be seen 
on the control of biological stressors: by disrupting their development cycle, they help 
to reduce the use of pesticides, with positive effects on biodiversity. Water drainage 
has negative effects on species dependent on humid conditions. Irrigation, meanwhile, 
reduces plant biodiversity, although it is beneficial to soil fauna.

 ■ Perennial crops (silviculture, arboriculture)

The repeated use of non-selective plant protection products against biological stressors 
on perennial crops mainly affects the biodiversity of these systems. The effects can 
be direct or indirect. Direct effects are: mortality and a decline in fertility on target 
organisms, but also on other species present in the perennial crops (small mammals, 
birds, arthropods, etc.) and an alteration of the structure of communities of perennial 
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crops’ beneficial organisms involved in the natural regulation of pests. Indirect effects 
are the removal of biomass and resources for many species, altering trophic levels.

 ■ Permanent grasslands (multi-species perennial or multi-annual plant cover)

Here, the impacts are mainly linked to grazing patterns and to cutting and fertilisation 
practices. In general, cutting, fertilisation and grazing reduce the availability of breeding 
sites for birds, and problems in supplying them. 

Effect of cutting

Compared to grazed plots, cut plots generally offer a greater wealth of species. Cutting 
can be a preferred farming method for maximising species diversity.

The biodiversity present in a cut pasture is also linked to:

• the date of the cutting (an early cut may prevent the production of certain seeds, 
while a late cut can encourage other species that prefer a more ‘closed’/dense 
environment to become established. 

• the frequency (an increase in frequency can lead to a reduction in genetic diversity)

An intensification in cutting (number of cuts and earliness of the cutting dates) generally 
has a depressant effect on the species abundance of the plants.

Effect of fertilisation (positive and negative effects)

• Increased production of biomass and abundance of each species

• Reduction in the number of species observed in the plants and soil micro-organisms 

• Increase in large species with high growth capacity.

Effect of moderate grazing (positive effects)

• Increase in the functional diversity of soil organisms (earthworms, nematodes, 
amoebas, fungi, etc.) 

• Increase in the abundance of plant communities when grazing is practised by 
several different species 

• Moderate selection of short-lived, fast-growing plants that are also resistant to 
grazing tread

Effect of high-intensity grazing and low-intensity grazing (negative effects)

• Reduction in species abundance (number of species) in plants, arthropods, small 
mammals and the soil fauna 

• Reduction in the functional diversity of the soil’s microfauna 

• Over-selection of short-lived, fast-growing plants that are also resistant to grazing 
tread
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2.3.2. At landscape level

The change in land use towards less crop diversity in space and time, the intensification 
of practices and synchronisation of cutting and harvesting dates, the abandonment of 
cultivated land and an increase in the size of plots due to land re-parcelling, have gradually 
and profoundly reduced the heterogeneity of landscapes, while also fragmenting them. 
The consequences on biodiversity are:

• a fall in the number of species and their abundance for most groups of animals 
and plants; 

• a reduction in non-cultivated areas (e.g. grasslands) that serve as a habitat, as 
corridors or refuges for several species. 

Specialist species have been more affected than generalist species because they are 
more heavily dependent on a habitat and a low number of resources. The homogenisation 
of agricultural landscapes therefore places rare species at a disadvantage and favours 
common species (species become ‘commonplace’). The structure of the landscape has 
a greater impact on vertebrates and epigeous (above ground) arthropods than on plants, 
micro-organisms and soil fauna. Finally, pest species are favoured, at the expense of 
beneficial species.

2.4. Additional threats in ACP countries

One of the striking aspects of the consequences of loss of biodiversity and the degradation of 
services provided by ecosystems – from water to foodstuffs and fish – is their disproportionate 
yet little-known impact on the poor. The areas with the richest biodiversity and ecosystems 
are located in developing countries, where the majority of the population is rural (subsistence 
farmers, fishermen, the rural poor), and often rely entirely on the environment for their 
daily lives and food security. Any changes in biodiversity will therefore affect the survival of 
traditional societies. For the populations of ACP countries, the preservation of agricultural 
biodiversity is a prerequisite for sustainable rural development, for food security, and for 
combating poverty. If nothing is done to protect endangered ecosystems, the consequences 
could be devastating for the most vulnerable. 

Furthermore, in developing countries, the pressure on the environment is greater:

• Poverty forces producers to adopt environmentally unfriendly practices. Land that 
is currently cultivated extensively (low-impact), which often has high biodiversity, 
will be increasingly converted to intensive agricultural use, with further losses 
of biodiversity and environmental damage.

• The movement of cattle in certain localities can be a barrier to natural regeneration 
and often causes damage to natural seedlings and saplings planted by producers 
in an attempt to encourage trees on the farm;

• The severe pruning of trees to produce aerial fodder is not conducive to fruiting; 
this leads to fewer seeds and therefore compromises the natural regeneration 
of forest ecosystems and the preservation of biodiversity;

• The lighting of uncontrolled fires causes damage to natural resources (soil, forests 
and wild fauna).
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• Slash-and-burn farming practices are a threat to forest resources. Yam, for 
instance, is cultivated in fertile forest soils and has a devastating effect on forestry 
resources;

• As forests dwindle, wildlife habitats are destroyed and the survival of these animals 
is dangerously compromised;

• Late fires have a negative impact on the soil, flora and fauna living in the surface 
layer of the soil;

• The development of hillsides and riverbanks aggravates the drift of soil particles, 
sand silting and the filling of bodies of water and streams. Consequently, the 
floral, aquatic and wildlife biodiversity of agricultural ecosystems in rural village 
contexts is seriously jeopardised.

• Mangroves are often converted for private interests, to the detriment of the 
local populations, with the result that mobility increases the risks of invasion by 
exogenous species.

Agricultural and food biodiversity will also be affected by climate change, which is very 
likely to affect agricultural ecosystems, disrupting farmers’ cultivation practices.
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3.  THE PROTECTION AND IMPROVEMENT OF BIODIVERSITY 
MANAGEMENT

Recommended measures differ from one farm to the next, as they vary depending on 
the crops, plot size, farming methods and issues identified. Here are a few examples of 
management approaches that can significantly help to improve biodiversity.

3.1. Preserve or install hedgerows and grassed strips

Open-field landscapes offer virtually no biodiversity. ‘Grassed strips’ can help to preserve 
biodiversity at plot level. They can take the form of an embankment, a hedgerow, a 
wooded riverbank, a strip alongside a ditch or simply at the bottom of a field. 

They are recognised as having several beneficial effects for the environment, such as: 
controlling erosion, limiting the transfer of inputs to rivers and therefore their pollution, 
and preserving wildlife. The grassed strips must be wide enough to cope with the severity 
of the erosive conditions (texture, structure, farming methods and erosive crops, etc.), 
the intensity of the habitual rainfall and the size of the plot. The choice of plant species 
making up the grassed strip depends on the types of crops located nearby, to promote 
the development of beneficial organisms capable of protecting the cultivated plants. 
These ‘improved’ grassed strips are also known as ‘flowering grassed strips’.

Grassed strip bordering a field

The field edges are favourable for earthworms, from where they colonise the cultivated 
areas, improving the soil structure both on the surface and at depth. Just like hedgerows, 
grassed strips support large numbers of insects. They can also provide refuge for 
‘beneficial organisms’ (predators and insect parasites), which move through cultivated 
plots to feed, at the expense of pests. Very often, the beneficial organisms discover 
egg-laying and wintering sites in such strips, as well as additional food resources. They 
are therefore always present on crops and are continuously involved in regulating pest 
populations. Plant protection products are designed not to affect beneficial organisms, but 
that is not enough: for beneficial organisms to be able to act at the opportune moment, 
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they have to remain in situ all year round, finding places to overwinter and flowers to 
forage. Only the field edges, wild flora and, above all, hedgerows and embankments, 
can safeguard the survival of beneficial organisms. The spraying of these grassed strips 
should therefore be avoided.

By encouraging the long-term development of relatively diverse natural or sown vegetation, 
and the establishment of significant populations of insects, a complete food chain is(re)
created. Birds take full advantage of this because the field borders provide them with 
an ideal location for feeding, nesting and raising their young, as well as shelter from 
inclement weather and predators. The field edges, whether grassed or shrubby, therefore 
shelter and nurture a richer fauna.

3.2. APPROPRIATE MANAGEMENT OF UNCULTIVATED AREAS
3.2.1. Protection of hedgerows and windbreaks

The diversity of a hedgerow landscape

Hedgerows provide shelter for numerous animal and plant species that cannot survive 
in agricultural plots. These species are not hedge-specific but originate from woods, 
heaths and grasslands. A hedgerow is a mixture of micro-habitats of varying levels of 
shade or humidity. They can shelter or nurture different species of animals. Existing 
hedgerows should be preserved and regularly maintained (2-3 times over 5 years) to 
rebalance the foliage if necessary. 

The cut trunks and branches should be left on the soil to supply a large number of 
animals (e.g. insects) with shelter (food and breeding). The stumps or trunks of dead 
trees should not be dug up. The base of the hedges should not be routinely ‘cleaned’ to 
remove plants considered to be ‘undesirable’, since the latter can support a rich and 
diversified fauna. The forest border is very important for the development and preservation 
of species of flora and fauna.
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3.2. Fallow land

Fallow land is land that is not used for food production (for humans or cattle). From the 
perspective of preserving biodiversity, fallow land can be used to enhance the quality 
of the landscape, enrich overall biodiversity or even to promote the development of 
small game. The proximity of semi-natural habitats, such as hedgerows and grasslands 
facilitates the colonisation of fallow land by wild fauna and flora. ‘Floral fallows’ meet 
the first two objectives: the diversity of their flora has an extremely positive effect on 
insect biodiversity. They are obtained by sowing a combination of 20 to 40 species of 
local flora. The fallow land must be planted using a suitable method (e.g. an uncut, 2 m 
strip at the edge of the plot) using appropriate low-density cover. Fertiliser must not be 
applied to fallow plots. Cutting should not take place during the bird nesting season, and 
care should be taken to cut outwards from the centre of the plot towards the periphery, 
to enable wildlife to escape and not be trapped.

3.3. APPROPRIATE MANAGEMENT OF CULTIVATED AREAS

Two major, and seemingly contradictory, changes in agricultural practices have upset the 
balance between agriculture and biodiversity, namely the intensification of production 
and the under-use of land. Cultivation practices, soil fertilisation/decontamination 
methods, and the recycling of nutrients influence agricultural biodiversity.

There is evidence that agricultural intensification has led directly or indirectly to a 
significant decline in and loss of biodiversity. This decline is notably caused by: 

• a reduction in the number of species/varieties/breeds used, notably due to single-
crop farming, threatening a huge genetic potential (animal and vegetable); 

• the use of pesticides affecting micro fauna; 

• the effects on habitats and ecosystems. 

The following general recommendations can be made:

• Opt for variety of crops instead of the extensive cultivation of one crop.

• Do not plough at depth but opt for direct seeding where possible.

• Follow the crop rotation method to preserve the quality of the soil.

• Provide intercrops and cover crops, especially legumes, which add nutrients to 
the soil, fix nitrogen and ‘pump’ nutrients to the soil surface.

• Favour combination crops.

• Use mulch and green manure (through harvesting and spreading crop residues, 
residues from surrounding areas, organic matter and/or harvested materials).

• Favour earthworms and other beneficial soil organisms to improve soil fertility, 
its organic matter content and to recycle nutrients.

• Reduce the quantity of agrochemicals used: limit applications (especially toxic 
nematicides, which destroy organic matter and beneficial soil organisms), and 
manage inputs (analyse the leaves and the soil).

• Reduce soil treatments, including by physical methods (steam or solarisation), 
since they deeply disrupt the biocenosis of the soil.
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Meanwhile, the progressive marginalisation and abandonment of agricultural land 
that is of low fertility, or that has been rendered sterile by bad farming practices, leads 
to an impoverishment of ecosystems that are highly dependent on the continuation of 
such farming activities (e.g. crops/livestock combination). The under-use of land, halting 
cutting or grazing, planting trees, and so on, may cause a gradual decrease in the variety 
of flora and species that live there. 

The small producer, custodian of biodiversity

“Small producers cultivate biodiversity out of pure necessity. Above all, they seek a level 
of return that allows them to guarantee their livelihood, to avoid famine for themselves 
and their families. All too often, they do not have the resources needed to intervene 
when unexpected events occur, such as lack of rainfall, a growing season cut short, 
plant disease, and insect-induced damages. Since their production is not primarily 
destined for sale, but for their own families, uniformity is of lesser importance. Their 
agriculture is above all subsistence agriculture, in the search for better food security. 

To limit risks, small producers grow several different plant varieties. They prefer 
to rely on several varieties of the same crop when planting, in order to be sure of 
harvesting at least one if, for example, rains are slow to arrive. They also use different 
species or varieties of plants depending on how they can use them. This is the case 
with, for example, plantains, cooking bananas, and beer-making bananas. A typical 
field cultivated by small producers is made up of several plants: bananas, sugar cane, 
cassava, beans, maize, sweet potatoes, papaya, etc., generally separated by some 
trees and shrubs. Farmers also combine plants of varying heights and thicknesses, 
for example maize, beans, and fodder crops. This judicious use allows them to make 
maximum use of the land and the sunshine. Not only does this protect the soil, but 
it also recycles the plant waste within it. Diversity is therefore essential to farmers, 
because it is their guarantee of food security. 

In this environment, often composed of 10 to 20 types of plants in the same field, 
animal diversity is also very rich – small rodents, worms, and insects of all kinds, etc. 
This diversity is essential for the producer, but equally for preserving and increasing 
global biodiversity in field conditions”.

(From J. Kalders, “DGCD”, Dimension 3, January/February 2010)
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4. EFFECTS OF PESTICIDES ON BIOCENOSIS
4.1. Unintentional effects of pesticides on biocenosis

Taking into account the risks of pesticides’ ecological or environmental impact on 
biodiversity is particularly important, but also complex, because it must incorporate an 
extremely wide range of impacts (direct and indirect effects on biocenosis), as well as 
changes in biological balances that are often gradual, which often makes it difficult to 
detect them before it is too late to correct the situation.

 

Microcrustaceans like water fleas (Daphnia) are particularly sensitive to pesticides in the aquatic environment. 

They are therefore good indicator species.

Several ecological effects can be identified:

• Effects resulting from short or long-term toxic action on non-target species 
and animal communities.

 Toxicity to species such as bees, water fleas, fish, birds (quail, pigeon), earthworms, 
soil fauna (ground beetles, collembola, etc.), algae, etc., is measured in a laboratory, 
under semi-controlled conditions and/or under field conditions. Regulations 
determine which species should be taken into consideration when compiling a 
registration dossier. With the help of ‘Guidelines’ (standardised protocols described 
in detail, such as OECD guidelines, EPPO guidelines, SETAC guidelines, etc.), CL50 
values are determined for the species under consideration. 

 The indirect effects on ecosystems should not be overlooked: the disappearance of 
insects leads to the disappearance of birds; the increasing scarcity of earthworms 
must be paralleled with that of moles, and so on.

• Effects that alter biological balances.

 Ecological field studies carried out during major treatment campaigns are 
particularly interesting. During chemical control campaigns against the tsetse 
fly, ecological monitoring of the effects of endosulfan showed a low impact on 
land environments, but a more pronounced effect on aquatic environments (fish, 
frogs, aquatic invertebrates). In comparison, deltamethrin had fewer harmful 
ecological effects on aquatic environments.
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4.2. Effects of pesticide concentration in food chains (bio-concentration)

Depending on their physico-chemical properties (including their liposolubility – Kow15) and 
their endurance in the environment (persistence), pesticides can become concentrated 
in certain organisms and accumulate in food chains.  

Bio-accumulation and bio-concentration of a contaminant by a living organism bring 
into play the need for sampling: 

• from the surrounding environment (water, soil, air): bio-concentration;

• by ingestion (contaminated food): bio-accumulation (with a possible transfer into 
the food chain).

4.2.1. Bio-concentration

The following diagram illustrates how the ‘bio-concentration’ of a pesticide in an 
organism is limited by pesticide adsorption in soil particles. It should also be noted 
that biodegradation of the compound (which is itself dependent on adsorption) will also 
influence this process.

 

15 Kow: octanol-water partition coefficient High kow: product preferentially soluble in fats.

Earthworms (Eisenia foetida) have been selected 
as bioaccumulation test organisms due to their 
high biomass per hectare, and because they are 
the food source for more than 200 other species. 

A ‘balance’ is established between the concentration 
of pesticide in the soil solution (bio-availability), 
pesticide concentration in the organism (sampling 
by the earthworm), and the quantity fixed on soil 
colloids (adsorption/desorption).

Soil colloids
(Csol)

Soil
solution

(Cw)

Organism
= 

Eathworm
(Corg)

Adsorption Sample
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4.2.2. Bio-accumulation and bio-amplification

The process of accumulation is characterised by an increased concentration in the 
consuming species. 

Most natural water contains very low concentrations of the elements necessary for plant 
growth (for example, nitrogen and phosphorus). To obtain sufficient quantities of these 
elements for growth, phytoplankton must obtain them in a relatively large volume of 
water. 

At the same time as the phytoplankton absorb nutrients, they also absorb synthetic 
chemicals, e.g. certain persistent pesticides. These can exist in water at concentrations 
so low that they cannot be measured, even with very sensitive instruments. However, 
chemicals accumulate biologically (they undergo bio-accumulation) in the organism, 
and they can become concentrated at much higher levels in living cells than in open 
water. This is especially true for persistent chemicals – substances that do not break 
down easily in the environment – such as DDT, dioxins, and PCBs that are stored in 
fatty tissue. In the case of DDT, for example, the product accumulates as it passes from 
aquatic micro-organisms to fish, and from fish to birds or to humans. 

Small fish and zooplankton consume large quantities of phytoplankton. In this way, 
any toxic chemicals accumulated by phytoplankton are concentrated further still in 
the bodies of the animals that feed on that phytoplankton. This process is repeated at 
each level of the trophic chain. This process of increasing concentration at successively 
higher levels of the food chain is called ‘bio-amplification’. The concentration of certain 
chemicals in the fatty tissues of predators at the top of the food chain can be a million 
times higher than their concentration in open water.

Fish and shellfish are the main source of dietary protein for people in many countries. 
They are often caught in rice fields or in lakes that are directly or indirectly contaminated 
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by agricultural and vector control pesticides. Human beings are consumers within the 
food chain and are at the top of several food chains, but they are not as exposed as 
birds, for example. This is explained by the fact that human beings have a varied diet 
made up of foods from all levels of the chain, whereas gulls (as in the example shown) 
feed mainly on fish. However, there are concerns about the long-term effects on human 
beings of exposure to low concentrations of pollutants, and the impact on people who 
eat large amounts of contaminated fish.

Pesticide characteristics to take into account for potential pesticide bio-accumulation 
are as follows:

• preferential solubility in fats (hydrophobicity);

• physical and chemical structure;

• rate of ionisation (propensity to create hydrogen bonds);

• molecular size (passage through membranes).
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5.  SELECTIVITY OF PLANT PROTECTION PRODUCTS AND RESPECT FOR 
BENEFICIAL ORGANISMS

The natural enemies of crop pests are naturally present in uncultivated areas, such as 
the edges of fields and in hedgerows. Biological agents, farmers’ ‘beneficial organisms’, 
include the natural enemies of pests but also:

• biological control agents;

• natural or raised pollinators (bumblebees, bees), which fertilise numerous plants;

• earthworms, termites and all animals and micro-organisms that promote soil 
fertility.

The main beneficial organisms include:

Coleoptera such as ladybirds, whose larvae and adults feed on aphids, psylla, scale 
insects and mites. Ladybirds are widely acknowledged to eradicate aphids. During their 
six-week life span, each ladybird will attack a total of 200 to 600 aphids; the offspring of a 
ladybird could, in theory, kill around 190,000 of them! There are also ground beetles and 
staphylins that feed on slugs, wireworms, grass grubs, beetles and weevils. Although 
predatory, the adults need pollen and honeydew, and therefore flowers. 

  

Adult and larvae of the ladybird

Hymenoptera, ‘micro wasps’, foraging for pollen 
and nectar from flowers. These are therefore 
pollinators, but the larvae are parasites: 
aphidius, ichneumons, trichograms lay their 
eggs in the larvae of caterpillars, beetles and 
flies, which die as a result. 

Adult Aphidius rhopalosiphi
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Diptera, flies or midges, are also foragers and therefore pollinators, but their larvae or 
‘maggots’ are predators (e.g. hoverflies) and consume aphids and larvae, or parasites 
when the fly lays its eggs in caterpillars and other pest larvae.

Adult and larvae of the hoverfly, Episyrphus balteatus

Heteroptera, small bugs whose adults and larvae 
are predators of aphids, caterpillars, mites, psylla, 
leafhoppers and other pests. The larvae and adults of 
anthocorises destroy 300 to 600 mites, or 100 to 200 
aphids in 20 days. They mainly prey on psylla and aphids 
on fruit trees, vines, field crops, legumes and ornamental 
crops.

Adult anthocoris nemorum

Neuroptera, such as lacewings, whose larvae are even more predatory than those of bugs: 
500 aphids in 15-20 days. They also consume the eggs of caterpillars, mites and scale 
insects. The adults feed on nectar, pollen and honeydew. They therefore need flowers.

Adult lacewing
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Mites: tiny (red or yellow) spiders are formidable plant eaters, predators of harmful 
mites, aphids, thrips and leafhoppers.

Phytoseiulus persimilis

‘Biological control’ uses these beneficial insects and mites to combat crop pests. They are 
also sold and released into crops in the form of larvae, nymphs or adults.Consequently, 
producers do not hesitate to release ladybirds, micro wasps and mites to reduce the 
population of insects and mites that damage vegetable crops. 

However, their use not only requires the producer to have excellent knowledge of the 
biological cycles of pests and beneficial organisms as well as sufficient time to devote 
to crop monitoring, but also requires good availability of beneficial organisms at a given 
moment. As these conditions are not easy to fulfil, it is therefore often preferable to 
protect indigenous populations of beneficial organisms and to promote their natural 
development in the environment in the crops’ locality. 

Given the increasing use of pesticides, an evaluation of the effects of these toxic 
products on beneficial arthropods is of particular importance, since knowledge of 
pesticide selectivity is necessary in ‘integrated pest management’ programmes 
adopted for horticultural and fruit crops. In the context of sustainable farming and 
the implementation of integrated crop management systems, the use of selective 
pesticides against the natural enemies of pests has become a frequently stipulated 
requirement in many quality standards.

The use of non-selective pesticides against the natural enemies of pests has considerable 
negative repercussions. The elimination of the parasites and predators of crop pests 
through use of a pesticide promotes the rapid proliferation of these pests shortly after 
applying a treatment intended to control them (the ‘boomerang effect’ of treatments), with 
population levels often exceeding those recorded prior to application of the insecticide. 
The emergence of pests previously considered to be of secondary economic importance, 
heightened by the eradication of their natural enemies, is another frequently observed 
consequence of using non-selective pesticides, be it an insecticide, a herbicide or a 
fungicide. Both these phenomena, which are entirely avoidable if ‘selective’ pesticides 
had been used from the outset, lead to an unnecessary increase in treatments, higher 
production costs and a negative impact on human health and the environment. 
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Pesticide registration procedures currently in force within the EU require the manufacturer 
to check the selectivity of active substances and formulations with regard to beneficial 
organisms before any market authorisation is granted. A minimum of 2 organisms 
(Aphidius rhopalosiphi and Typhlodromus pyri), but sometimes up to 6 different beneficial 
organisms, may be required for the tests. Ultimately, better knowledge of the toxic effects 
of pesticides on beneficial organisms under field conditions via a ‘selectivity list’ ranking 
system should ensure that farmers are better informed when it comes to choosing 
products that are harmless to beneficial insect fauna. Consequently, the number of 
insecticide treatments could be kept to a minimum, improving crop profitability at the 
same time.

The toxicity (selectivity) of a plant protection product with regard to a beneficial organism 
is traditionally evaluated according to a sequence diagram. The product is first tested by 
applying it to an inert substance, such as glass or sand. The target beneficial organism 
is then brought into contact with this substrate for a specific period of time. Following 
exposure, the mortality rate is recorded and the ability of the surviving organisms to 
reproduce is evaluated. If effects are observed, additional tests are carried out under 
less stringent conditions, e.g. by using leaves or parts of treated plants (extended 
laboratory tests) under controlled conditions. If the product is still found to be toxic, it 
will subsequently be evaluated under semi-natural conditions (e.g. on whole plants in 
small plots or partitioned environments), or even directly under open field conditions. 

Unfortunately, the results of evaluations of pesticide toxicity vis-à-vis beneficial 
organisms under natural or semi-natural conditions depend on specific testing 
conditions: temperature, humidity, rainfall and luminosity, etc. Repeatability is difficult 
to guarantee and it is difficult to obtain selectivity results that are truly representative 
of natural conditions. The abundance and vigour of pests and beneficial insects often 
vary considerably, making it challenging, if not impossible, to interpret test results. The 
concentrations of pesticide deposits to which the insects are exposed after application 
during testing are also extremely heterogeneous. These tests therefore have to be 
repeated several times in order to obtain an average result that closely reflects reality. 
Finally, neither the choice of beneficial organisms nor the evaluation methods used, 
i.e. on a plate, on sand or under semi-controlled conditions, can be considered a true 
indicator of the susceptibility of all beneficial insects, and the results obtained by research 
scientists in Europe are difficult to extrapolate to all crops, and not least to the beneficial 
organisms of horticultural and fruit crops in ACP countries!
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1. CLIMATE CHANGE AND ENERGY MANAGEMENT
1.1.The challenges of climate change for the farming sector

The farming sector faces a wide variety of challenges, mainly linked to the effects of 
climate change. These climate changes, caused by human activities, have affected the 
availability of adequate natural resources and the quality of the atmosphere, soil and 
water. Never before have farmers had to rely so much on ‘innovation’ and ‘creativity’ to 
survive in local, regional, national and global markets, and to cope with unprecedented 
pressure on the planet’s life support systems. In short, climate change is affecting the 
farming sector’s ability to guarantee food security for local populations. 

The sectors most affected appear to be agriculture, and agricultural businesses in 
countries heavily dependent on agricultural inputs as a proportion of GDP. These countries, 
which include ACP countries, are particularly vulnerable to the effects of climate change 
and to additional pressure from population expansion. Predictions suggest that by 2050, 
the world population will increase by one third, and that a large number of this additional 
population will be live in low-GDP countries. 

The FAO (2013) estimates that agricultural production 
will have to increase by 60% by 2050, to satisfy expected 
food demand, assuming current income and consumption 
trends continue. 

Consequently, the farming sector must truly transform itself to feed a growing world 
population, to lay the foundations for continued economic growth and reduce poverty 
in countries with the lowest GDP.  Unfortunately, the impact of climate change will 
undoubtedly make this task much more difficult in a business-as-usual scenario, due 
to the negative impacts on agriculture, and the increasing costs needed to counter 
these impacts. 

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwj0jNrfoe3hAhUrMewKHS_PBXcQjRx6BAgBEAU&url=https%3A%2F%2Fwww.futura-sciences.com%2Fplanete%2Fdefinitions%2Fchangement-climatique-rechauffement-climatique-13827%2F&psig=AOvVaw3TRfC9FAsrGHnkELIftKTw&ust=1556351083791095
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1.2. Key energy challenges

The cumulative impact of changing food consumption patterns is directly linked to 
economic growth, increased consumption capacities, the emergence of new technologies, 
demographic changes, lifestyles and the impacts of climate change (OECD, 2017). The 
Intergovernmental Panel on Climate Change (IPCC) has recommended that one way of 
mitigating the effects of climate change is to increase energy efficiency in the short term. 

The FAO (2011) states that, globally, the food system accounts for around 30% of total 
world energy consumption, and over 70% is consumed beyond the farm, which produces 
around one fifth of global greenhouse gas emissions (GHG). Much more alarming is the 
fact that more than one third of food production is lost or wasted, and with it around 
38% of the energy consumed in the agri-food chain. 

Currently, the majority of energy used comes from fossil fuels, which have been found to 
be the biggest contributors to GHG emissions. There is therefore a genuine and urgent 
need for all those involved in agri-food chains to become more efficient in their energy 
consumption. 

Fossil fuels are a ‘solar energy’ of the past:

Solar energy
(captured by photosynthesis)

Organic matter 
(soil humus)

Fossil fuels
(coal, gas, oil)

CO² emission  
(combustion, reduction of OM in soils)
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Energy efficiency gains can be threefold:

• A protected and preserved environment;

• An improving socio-economic situation, with a sustainable development focus;

• The guarantee of the economic viability and sustainability of contributions from 
small and large business owners. 

Within agri-food chains adaptation entails the judicious selection energy-efficient 
technologies that maintain production, and other value-added activities for agri-food 
chains.

1.3.  Interaction between climate change and the use of renewable energy 

technologies

Data gathered over recent decades confirms that consumption of fossil fuels accounts 
for the majority of anthropogenic emissions of GHG. Consequently, concentrations of CO2 
had increased by over 390 ppm, i.e. 39% higher than pre-industrial levels, by late 2010. 

Ice-core data before 1958. Mauna Loa data after 1958.
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Fortunately, there are several options for helping to reduce GHG emissions from the 
energy system, while satisfying global demand for energy services. These include: 

• Energy conservation and energy efficiency; 

• Switching from fossil fuels, for example from coal to natural gas, and RE (renewable 
energy).

1.3.1. Climate-Smart Agriculture (CSA)

Climate change has already had a pronounced impact on agriculture and food security, due 
to the increased prevalence of extreme weather events, and the emerging unpredictability 
of weather patterns. Climate-Smart Agriculture (CSA), as defined and presented by the 
FAO at The Hague Conference on Agriculture, Food Security and Climate Change in 2010, 
helps to achieve sustainable development objectives. 

CSA has three sustainable development dimensions (economic, social and environmental) 
that together address food security and climate challenges. 

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjPqKXJpO3hAhXJ4KQKHRPQCtwQjRx6BAgBEAU&url=https%3A%2F%2Fwww.futura-sciences.com%2Fplanete%2Factualites%2Fclimatologie-concentration-co2-na-jamais-ete-aussi-elevee-depuis-3-millions-annees-19695%2F&psig=AOvVaw0npRM89aYVsKlbtsCmupT5&ust=1556351809477276
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It is made up of three main pillars: 

• Increasing agricultural productivity and income in a sustainable way; 

• adapting and strengthening resilience to climate change; 

• reducing and/or eliminating GHG emissions. 

The co-benefits of this transition from dependence on fossil fuels to RE aids adaptation 
to climate change by reducing the cumulative impact of GHG emissions.

1.3.2. Smart energy supply systems

The way forward for those who produce and those who process ‘beyond’ the farm is to 
move towards energy-efficient supply systems. These systems improve energy efficiency, 
increase the use and production of renewable energy and expand access to modern 
energy services in agri-food chains. According to the FAO, smart energy supply systems 
must address the following:

• The energy needed to ensure food security;

• CSA-related technology;

• Energy poverty in rural development;

• Contributing to developing green and inclusive dietary value;

• Contributing to safe and secure access to sustainable energy in emergency and/
or readjustment contexts.

All these aspirations will lead nowhere unless all countries can guarantee farmers and 
actors in the agri-food chain access to sustainable energy, which is the aspiration of the 
‘SE4ALL’ initiative of the United Nations.

1.3.3. Sustainable energy for all - SE4All

The global energy transition needs the SE4ALL initiative’s objectives, which are the 
following:

• A rapid increase in energy productivity; 

• A new generation of institutions to manage 
our energy systems; 

• An integrated energy approach that 
encompasses centralised and decentralised 
sources;

• An ever-increasing share of renewable 
energies in the mix. 

The energy transition must be a ‘fair’ transition; all 
stakeholders must be taken into account, nobody should be left behind.
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1.4. Energy sources

By definition, fossil fuels are formed by natural processes, such as the anaerobic 
decomposition of buried dead organisms, containing energy from ancient photosynthesis. 
Used alone, fossil fuels are not generally recognised as providing co-benefits.

Unlike fossil fuels that are responsible for high GHG emissions, the RE technologies 
often widely used in CSA and smart energy systems tend to be adapted from wind, solar, 
hydroelectric, geothermal and biomass resources. 

The combination of appropriate energy technologies, equipment and facilities improves 
energy efficiency, reduces GHG emissions and contributes to food security. Before making 
decisions about the types of energy mixes that are appropriate, it is important to review, 
calculate costs and to plan, to determine whether the selected combination of energy 
types offers more advantages than disadvantages. 
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2. ENERGY NEEDS AND BASIC ENERGY SAVINGS

Economic and financial analysis is more of an art than a science for the economic aspects 
of energy management. Generally speaking, energy management, with short payback 
periods, does not always require a sophisticated evaluation.  

Depending on the size of the business, and the purpose of the proposed investment, 
there are three types of methods currently used to determine the cost-benefit ratio of 
investments in energy technologies:

• Cost-Benefits Analysis (CBA); 

• Life-Cycle Cost Assessment (LCCA); 

• Life-Cycle Assessment (LCA).

2.1. Energy efficiency and choice of energy source

Existing production and processing practices within and beyond the farm can be adapted 
so that they consume less energy and at the same time provide food in a safe and 
environmentallyfriendly way. 

RE technologies are preferred over fossil fuels, despite the fact that the start-up costs 
are generally higher than those of fossil fuels, not just because GHG emissions are lower, 
but also because the cost of most RE technology continues to fall.

2.1.1. Energy management systems – ISO 50001 and ISO 50002

ISO 50001/50002 is the energy management system standard that specifies the 
requirements for establishing, implementing, maintaining and improving an Energy 
Management System (EnMS). Its aim is to enable an organisation to continuously improve 
its energy performance, including aspects of energy efficiency, energy security, energy 
consumption and consumption.

The term ‘energy management’ means many different things to different people. As a 
general rule, it involves the application of at least three principles: 

• Purchasing the energy supply mix at the lowest possible price per unit of useful 
energy production; 

• Management of energy conversion and maximum consumption efficiency; 

• Use of the most appropriate technology.

2.1.2. The Plan-Do-Check-Act (PDCA) cycle 

The ISO 50001/50002 standards are based on the PDCA cycle. PDCA is a four-step iterative 
management method used in businesses for the control and continuous improvement 
of processes and products.

2.1.3. Energy review 

An energy review or audit is a study of how energy is used in a facility, and an analysis 
of alternatives that could be used to reduce energy costs.  Types of energy reviews:
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• Sight audit: a visual inspection of the facility is performed to identify potential 
energy savings relating to maintenance and operation, as well as data collection, 
to determine the need for more detailed analysis. 

• Full audit: requires tests and measurements to quantify energy uses and losses, 
identify the economic aspects of changes and evaluate the amount of energy 
used for each function.

An energy audit is divided into several stages:

• Planning;

• Defining responsibilities and deadlines, organising a meeting; 

• Defining the scope and limitations, whether there is significant energy use, of the 
production line or the distribution network; 

• Site visits to inventory specific production and energy production equipment;

• A review of the main systems: building envelope, heating/ventilation/air conditioning 
(HVAC) system, power supply system, etc.

2.2. Efficient use of energy, rationalisation methods, energy balance
2.2.1. Efficient use of energy

The evolution of agriculture or of a modern agricultural business entails increasing use 
of energy inputs in order to increase productivity.  In the context of efficient energy use, 
it is essential to analyse ways of rationalising energy consumption in these agricultural 
businesses. The energy needed for the human body’s energy balance is obtained from 
the food we eat. 

This food is produced by agriculture, which is therefore an energy source. Just as 
human nutrition corresponds to an energy system, agriculture is also characterised by 
an energy input and output. The energy balance of agricultural businesses, like human 
activity, consumes energy for its means of production. Energy consumption evaluation is 
the first step towards improving energy management. Rationalisation can be envisaged 
after analysing energy availability and costs, ways of reducing energy consumption and 
the economic and environmental gains generated.

2.2.2.Access to energy

Agricultural businesses use energy both directly, as fuel (gasoline, diesel, natural 
gas), electricity and, indirectly, by using energy-intensive inputs such as fertilisers and 
pesticides. 

Since energy is at the heart of all agricultural operations, it is essential that farmers 
and businesses adopt new ideas for using energy efficiently and effectively. And, like 
any modern business, the farmer or the business can then benefit from this concept 
by reducing operating costs, minimising risks, or even generating additional income by 
selling surplus energy on site.

Efficient use of energy not only benefits the global community in the form of co-benefits 
and food security, but efficient energy use can also:
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• Obstruct or support regional development plans; 

• Make or break agricultural communities. 

However, the current reality is that most small landowners and businesses in many ACP 
countries sometimes have limited access to energy, and sometimes at volatile prices.
This energy availability has a global impact on the sustainability of an agri-food chain or 
an agricultural business. Caribbean Community (CARICOM) member states are mainly 
importers of fossil fuels (hydrocarbon producers and non-hydrocarbon producers, and 
other energy producers). Overall, CARICOM member states are not major players in 
global markets and are therefore hostage to the vagaries of international supply and of 
fossil fuel pricing. The majority of Small Island Developing States (SIDS) in the Pacific 
depend almost exclusively on imported refined petroleum products to meet their energy 
and transport energy needs. 

On the African continent, African ACP countries have local supplies of fossil fuels that 
are traded on an intra-regional basis. However, despite the abundance of fossil fuel 
supply in some regions, many countries remain net importers of energy.

In any case, the challenges are linked to the low security of energy supply, energy poverty 
at various levels and the urgent need to reduce the regional carbon footprint to improve 
the climate compatibility of the energy sector.

2.2.3. Areas where consumption reduction is possible

Processing, the post-harvest system, storage and cooling are considered energy-intensive 
steps in agri-food chains or agricultural businesses that rely on conventional energy 
derived from fossil fuels. All these activities in food production systems are necessary 
to transform raw food products into consumer products for local, national and export 
markets. 

These activities require direct and indirect energy inputs:

• Direct energy inputs: petroleum-based fuels for tractors and other machinery, 
irrigation facilities, electricity for engines, lighting, refrigeration and natural gas 
for water heating.

• Indirect energy inputs include those used for the manufacture and delivery of 
fertilisers and agrochemicals, excluding what is absorbed in farm buildings, 
machinery, factories and transport.

The different stages where energy inputs reveal potential consumption reduction areas 
can be found:

• From the production stage: the use of simple hand pumps for plant protection 
treatments, perforated trays and drainage basins.

• From the harvesting stage: ploughing during the cold periods of the day and using 
low-tech solutions for drying and cleaning operations.

• Post-harvesting stage: encouraging more manual work for cleaning, sorting, 
grading and packaging operations. 

• Natural ventilation is one area for reducing energy consumption in agricultural 
businesses.
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 ■ Energy efficiency 

Globally, the exponential increase in energy consumption by the agricultural sector has 
made most farmers and other agricultural stakeholders vulnerable to high energy costs, 
and to volatile market fluctuations. Yet, if implemented effectively, energy efficiency 
measures can help agricultural producers reduce the quantity of energy they use without 
compromising productivity, while at the same time reducing their energy costs. This will 
allow them to be less vulnerable, and to contribute more to local economies. 

The integration of RE technology into energy systems offers many direct energy saving 
opportunities in agricultural businesses. This integration occurs in several operational 
areas, including high efficiency ventilation systems, variable speed drives, high efficiency 
compressors, heat recovery units, pre-coolers, high efficiency lighting and high efficiency 
heating systems. 

Other opportunities for indirect energy savings can be found in the form of organic farms, 
which consume far less fossil energy than their conventional counterparts. Organic 
farms offer triple benefits for businesses and farming communities: 

• Better nutritional quality of the produce; 

• Reduced groundwater pollution, helping to minimise water absorption (through 
tillage and mulching) and maintaining water quality; 

• Reduced pesticide use, which contributes to the preservation of biodiversity, 
reduces pesticide residues and reduces workers’ exposure to pesticides, while 
reducing total operational costs and profitability.

 ■ Minimisation and maximisation strategies/Approach to limiting energy consumption

In thermal power plants, energy input refers to the heat introduced into the process and 
the electricity obtained as a useful output. 

Both elements are energy flows and can be quantified using thermodynamic calculations, 
which result in an absolute efficiency value. It is therefore recommended that producers 
and business owners always carry out an energy review. 

Once the results and recommendations of the energy review are available, farmers 
or businesses may choose to adopt strategies commonly known as minimisation or 
maximisation, to improve overall energy efficiency. Efficiency always involves the resources 
used as well as the services provided. 

Efficiency is considered to have been improved if: 

• With the same resource consumption, a better service is achieved than before. 
This is a maximisation strategy

• Or if fewer resources are used for the same service. This is a minimisation strategy.

The first challenge in limiting energy consumption on a farm or business is to define 
the limitations of the energy system and the facilities, which involves setting a system 
boundary in a very specific way. This definition applied to the ‘system’ is any energy-
consuming building, an area within a building, an operating system, a collection of 
equipment or a piece of equipment around which a boundary can be placed, in a figurative 
sense. Energy flows crossing the boundary must be taken into account in order to quantify 
the emitted flows and outgoing flows. 
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The second challenge is the collection of energy flow data from various sources, including 
direct measurements and considering solely energy flows that cross the system boundary, 
as defined. 

Finally, for the third challenge the farmer or agricultural business owner will deliver 
an awareness/information programme for employees on the business’s energy policy, 
focusing on energy management and each person’s responsibilities.

To improve energy efficiency, it is also important to identify areas where energy 
consumption can be reduced. Certain measures must be taken to achieve energy 
efficiency, including:

• Regular reviews of energy consumption, focusing on past energy bills or fuel 
consumption patterns;

• Performing site evaluations to record equipment used, and performance data;

• Performing a technical and cost analysis. For the technical analysis, a simple 
energy audit can be carried out; 

• Drafting action plans to identify energy efficiency measures that can be taken to 
improve energy costs and savings.
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3. THE ENERGY TRANSITION
3.1. Calculating the energy balance of an agricultural business

The agricultural business must first develop an energy baseline based on energy 
performance indicators to be integrated into its energy management systems, or to 
assist with energy audits. 

The energy baseline is a summary of total energy use, for the reference period, and the 
production parameters of the baseline. The agricultural business will have appropriate 
energy performance indicators (EnPI) to monitor and measure the system’s energy 
efficiency.

3.1.1. Energy baseline

Changes in energy performance are measured against the original reference values. 
Baselines must be adjusted in one or more of the following scenarios:

• The energy performance indicators no longer reflect the organisation’s energy 
use and consumption;

• Major changes have been made to the process, operating models or energy 
systems,

• By applying a predetermined method as defined in the procedure.

3.1.2. Energy performance indicators

The methodology for identifying and updating the EnPIs is established in the energy 
management system procedures and records are maintained. The EnPIs are regularly 
reviewed and compared with the energy baselines, where applicable. The indicators 
should preferably comply with the requirements of ISO 50001, to enable internal and 
external comparison and benchmarking. 

The different types of indicators (EnPI) used are as follows:

• Indicators based on operational data (advance and delay): Energy performance is 
generally assessed with ‘delayed indicators’, which are retrospective measurements 
based on actual operational data, reflecting the ‘before’ situation of energy 
performance.

• Operational level indicators: These indicators are generally simple process 
functions calculated on a semi or fully continuous basis, to measure and monitor 
energy consumption in the short term, for a single unit or facility.

• Site-level indicators: These indicators are based on aggregate site data and are 
generally calculated on a quarterly or annual basis. They are used to measure and 
monitor the energy efficiency of the site over time, and/or against peers. Site level 
indicators measure absolute energy consumption and specific energy consumption. 
Each operating area therefore has its own built-in energy consumption that reflects 
the specific tasks it performs.
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Using all the information collected through this process, the farmer and/or agricultural 
business owner must be able to calculate the business’s energy balance. An energy 
balance is a consideration of the energy input, energy production and consumption, or 
of production in a process or in a stage. Specific energy performance indicators are 
essential for a better assessment of a business’s energy consumption. 

To calculate their energy balance, the farmer and/or agricultural business owner will 
take into account:

• The list of all energy inputs, to find out the real cost of energy consumption through 
an analysis of the data collected;

• To calculate a realistic and reliable balance, an exhaustive calculation of the 
quantity of energy per equipment is mandatory;

• The drafting of an energy action plan, to enable each department to identify its 
energy saving potential;

• The setting of specific energy targets and the monitoring of energy consumption 
are carried out on the basis of identified improvement opportunities.

3.2. The energy transition

The energy transition refers to the shift from traditional energy sources to a more 
sustainable production and consumption model that addresses socio-economic and 
environmental issues. Its ecological objective is to change from the current energy 
system to a new energy system based on renewable resources. 

Two factors have an impact on the energy consumption of actors of all sizes involved 
in agri-food chains. 

The first is to understand how agricultural businesses use energy directly, as fuel 
(gasoline, diesel, natural gas) and electricity and, indirectly, by using energy-intensive 
inputs. 

The second is to adopt new ideas that aim to use energy efficiently for several reasons, 
known as co-benefits:

• Reducing GHG emissions; 

• Ensuring long-term food security; 

• Reducing operating costs and increasing profits. 

Before these co-benefits can be realised, an energy transition, i.e. a long-term structural 
change in an energy system, must take place. This means reducing dependence on 
fossil fuels, energy production costs and environmental impact, by initiating an energy 
transition process based on appropriate, adapted and available technology.

3.2.1.  Current use of renewable energy resources in agri-food sectors in ACP 
countries

In most ACP countries, agriculture and related agri-food activities are at the heart of 
rural economies. Although the integration of land use for agriculture and energy is 
increasing, investment costs remain high.
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The lack of financing, the remoteness of energy demand, including access to electricity 
and gas networks, competition for land use and transport constraints pose barriers to 
the implementation of appropriate new technologies. Water supply limitations and the 
lack of skills and knowledge on the part of landowners and managers will influence how 
an energy transition takes place. To tackle this challenge, various policy and governance 
initiatives have been put in place in the Caribbean and Pacific to address this situation.

In addition, the ACP-EU Energy Facility has played a key role in financing policy and 
governance initiatives across the African continent. These initiatives help to introduce 
RE technologies to rural areas. The aim is to boost agricultural productivity, reduce 
food losses and food imports, eliminate malnutrition and increase resilience to climate 
variability. 

The ACP-EU Energy Facility has promoted access to energy services in rural and peri-
urban areas, and improved energy governance and capacity building in African ACP 
countries through:

• The West African Power Pool (WAPP), a specialist agency of the Economic 
Community of West African States (ECOWAS). 

• The CAPP (Central African Power Pool), a specialist body of ECCAS (Economic 
Community of Central African States), responsible for implementing and 
coordinating energy policy, infrastructure expansion, and establishing the legal, 
technical and commercial conditions for increasing investment and electricity 
trading in the sub-region;

• Members of the East African Power Pool (EAPP) include public services/dealers/
electricity generation, transmission and/or distribution companies in East African 
countries;

• The Southern African Power Pool (SAPP), whose priority actions funded by the 
Energy Facility for SAPP are mainly capacity building for network operations, 
system planning and the promotion of public-private partnerships. 

It should be noted that the purpose of international standard ISO/IEC-13273 is to provide 
support for energy-related activities, covering energy efficiency and renewable energy 
sources.It is a horizontal standard, according to IEC Guide 108. It covers fundamental 
principles and terminology concepts in the fields of energy efficiency and energy 
management. These principles and concepts are relevant to various technical committees 
whose purpose is to promote consistency and the establishment of common characteristics 
of energy-related terms. This standard is more appropriate for regulatory bodies involved 
in the development of standards for energy efficiency and renewable energy sources.

3.2.2.  The principle of the energy transition and the benefits associated with an 
energy transition

An energy transition defines common objectives for success, to strengthen energy 
independence, preserve health and the environment and to combat global warming. 
The principle of the energy transition is based on combating waste, and promoting the 
circular economy: from product design to recycling, to simplify and clarify procedures 
to improve efficiency and competitiveness. 
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The energy transition could not only help to reduce GHG emissions and reduce energy 
losses, but also help individual businesses to:

• Expand their operations in a sustainable way;

• Improve their own health and that of their employees; 

• Help to generate local employment opportunities.

3.3. Renewable energy technologies for agri-food chains

The farmer or business owner must be able to choose an appropriate renewable energy 
source, or an optimal combination of sources. The type of preferred energy source will 
always depend on resources available on the site, and the financial investment involved 
in this type of energy transition. The technologies used to exploit renewable energy 
resources and to convert them into useful energy forms are called renewable energy 
technologies. For farmers, there are several technological solutions for RE that can 
be integrated into the agricultural process. 

This can lead to improved energy efficiency, lower environmental impact and lower 
production costs. Some of the more readily available and most frequently used RE 
technologies are:

• Hydroelectricity, renewable electrical energy that derives from the conversion of 
hydraulic energy into electricity;

• Wind energy, an energy source that depends on the wind;

• Energy derived from biomass or bioenergy, all energy derived from the conversion 
of solar energy into biomass through biological processes;

• Solar energy, an energy source that depends on the sun;

• Geothermal energy, which is the heat that lies beneath the Earth’s surface.

• Tidal energy, the exploitation of tidal energy in coastal areas with high tidal ranges.

It is important that a farmer or business owner chooses the technology best suited to 
the energy needs of their farm and business. Farmers may choose renewable energy 
systems for very different reasons, and the size and location of properties may affect 
the types of renewable energy systems that the farmer can choose. 

The first thing a farmer and/or business owner must consider is whether a renewable 
energy system will provide the required production. The second thing to consider is how 
existing agricultural operations can be better integrated with renewable technology 
solutions available. Consequently, many factors have to be taken into account:

• The amount of energy required, and the location of the business;

• How much the farmer and/or business owner is willing to spend;

• The extent of available subsidies/financial tools.

All these factors will play a role in the decision-making process for the different sizes 
of business throughout the agri-food chain. 
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Decision-making tools must be implemented before introducing technology used to 
responsibly exploit energy resources or investment from the RE source selected by the 
farmer and/or business owner, such as:

• A feasibility analysis: when planning an investment, the operator or project manager 
must first carry out a feasibility analysis. This tool is used to determine whether 
or not a project can be completed successfully;

• Technical analysis: adoption of the technology involves different stages: 

• Raising the awareness of the business and/or the farmer who is learning 
the technology/practice;

• Evaluation by a business/farmer of the technology in terms of costs and 
benefits;

• Adoption by a business/farmer who decides to adopt it in full, but modifies 
or adapts it according to the local situation and to particular needs.

• Business models/business ecosystems: this is a continuous improvement tool 
that allows the business/farmer to evolve as regards performance.

Ownership and sustainability depend on the participation of all stakeholders in 
electrification projects or changes in energy resources.
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FREQUENTLY USED ABBREVIATIONS AND ACRONYMS

ACP Africa – Caribbean – Pacific (ACP group of countries that have signed a series 
of agreements with the EU, referred to as the ‘Cotonou Agreements’)

B Chemical symbol for boron

BSE Bovine spongiform encephalopathy

C Chemical symbol for carbon

Ca Chemical symbol for calcium

CaO Chemical symbol for calcium oxide (lime)

CAP Common Agricultural Policy

Cd Chemical symbol for cadmium

CDB Convention on Biological Diversity

CERVA Centre d’étude et de recherches vétérinaires et agronomiques (centre for 
veterinary and agronomic studies and research)

CH4 Chemical symbol for methane

Cl Chemical symbol for chlorine

Co Chemical symbol for carbon monoxide 

CO2 Chemical symbol for carbon dioxide

CP Cleaner production

Cr Chemical symbol for chromium

Cu Chemical symbol for copper 

DDD Dichlorodiphenyldichloroethane

DDE Dichlorodiphenyltrichloroethane

DDT Dimethylformamide

DEA Deethylatrazine

DIA Deisopropylatrazine

DT50 Half-life

EC European Community

EEA European Environment Agency
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EPPO European and Mediterranean Plant Protection Organization

EQS Environmental Quality Standards

EU European Union

EUEB European Union Ecolabelling Board

FAO United Nations Food and Agriculture Organization

Fe Chemical symbol for iron

FLO Fairtrade Labelling Organizations international

GMO Genetically Modified Organism

GPP Good plant protection practice

GUS Ground Water Ubiquity Score

H2O Chemical symbol for water

H Chemical symbol for hydrogen

HCH Hexachlorocyclohexane

Hg Chemical symbol for mercury

IOBC International Organisation for Biological and Integrated Control

ISO International Organization for Standardization

K2O Chemical symbol for potassium oxide

K Chemical symbol for potassium

Kd Soil-water adsorption partition coefficient

Koc Organic carbon-water partition coefficient 

Kow Octanol-water partition coefficient

L Chemical symbol for phosphorus

Mg Chemical symbol for magnesium

MgO Chemical symbol for magnesium oxide (magnesia)

Mn Chemical symbol for manganese

Mo Chemical symbol for molybdenum

N Chemical symbol for nitrogen 
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NH3 Chemical symbol for ammonia

NH4 Chemical symbol for ammonium

NH4OH Chemical symbol for ammonium hydroxide

Ni Chemical symbol for nickel

NO2 Chemical symbol for nitrogen dioxide

NO3 Chemical symbol for nitrate

O Chemical symbol for oxygen

OJEC Official Journal of the European Communities

OM Organic matter

P2O5 Chemical symbol for phosphorus hemi-pentoxide (phosphoric anhydride)

PAH Polycyclic aromatic hydrocarbons

Pb Chemical symbol for lead

PCB Polychlorinated biphenyl

PET Potential evapotranspiration

pH Potential of Hydrogen

pKa Acidity constant 

S Chemical symbol for sulphur

SO3 Chemical symbol for sulphur trioxide

UNCED United Nations Conference on Environment and Development

UNESCO United Nations Educational, Scientific and Cultural Organization

WBCSD World Business Council for Sustainable Development

WFD Water Framework Directive

WP Wet Powders

WWF World Wide Fund For Nature

Zn Chemical symbol for zinc
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AREFLH:  
www.areflh.org

Africa Rice Center (WARDA):  
www.cgiar.org

Biodiversity International:  
www.bioversityinternational.org

CITES:  
cites.org/eng

CIAT – International Center for Tropical Agriculture:  
gisweb.ciat.cgiar.org/sig/biological-mapping.htm

CIFOR – Center for International Forestry Research:  
www.cifor.cgiar.org

CIMMYT – International Maize and Wheat Improvement Center:  
www.cimmyt.org

CIP – International Potato Center:  
www.cipotato.org

Commission on Intellectual Property Rights:  
www.iprcommission.org

CORPEN (Steering Committee for Environmentally Friendly Agricultural Practices):  
www.developpement-durable.gouv.fr

COLEACP (Europe-Africa-Caribbean-Pacific Liaison Committee):  
coleacp.org

Convention on Biological Diversity (CBD):  
www.cbd.int

CTA (Technical Centre for Agricultural and Rural Cooperation):  
www.cta.int/fr

ECPGR (European Cooperative Programme for Plant Genetic Resources):  
www.ecpgr.cgiar.org

EUFORGEN (European Forest Genetic Resources Programme):  
www.euforgen.org

EU law and publications:  
publications.europa.eu

EUR-Lex:  
eur-lex.europa.eu
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European Environment Agency:  
www.eea.europa.eu

European Parliament:  
www.europarl.europa.eu

FAO (United Nations Food and Agriculture Organization):  
www.fao.org/, and in particular: www.fao.org/agriculture/crops/agp-home/en

ICIPE (International Centre of Insect Physiology and Ecology): 
www.icipe.org

ICARDA (International Center for Agriculture Research in the Dry Areas):  
www.icarda.cgiar.org

ICRISAT (International Crops Research Institute for the Semi-Arid Tropics):  
www.icrisat.org

IFPRI (International Food Policy Research Institute):  
www.ifpri.org

IITA (International Institute of Tropical Agriculture):  
www.iita.org

ILRI (International Livestock Research Institute):  
www.ilri.cgiar.org

IUCN (International Union for Conservation of Nature):  
www.iucn.org/fr

IWMI (International Water Management Institute):  
www.iwmi.cgiar.org

Ministère de l’Environnement, de l’Énergie et de la Mer (Ministry of the 
Environment, Energy and Sea):  
www.developpement-durable.gouv.fr

PAN GERMANY:  
oisat.org/

PHYTOPHAR:  
www.phytofar.be/fr/phy_pro.htm

PRPB (Programme for the Reduction of Pesticides and Biocides):  
www.health.belgium.be

TOPPS (Programme to Train Operators to Promote Best-Management Practices 
and Sustainability):  
www.topps-life.org

TRAFFIC (Wildlife Trade Monitoring Network):  
www.traffic.org

http://oisat.org/
http://www.topps-life.org/
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UNEP (United Nations Environment Programme):  
www.unep.org

UNESCO (United Nations Educational, Scientific and Cultural Organization): 
en.unesco.org

UNIDO (United Nations Industrial Development Organization):  
www.unido.org

Water Footprint Network:  
waterfootprint.org/en/

WIPO (World Intellectual Property Organization):  
www.wipo.int/portal/en

World Bank:  
www.worldbank.org

WorldFish Center:  
www.worldfishcenter.org
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