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Foreword
Agriculture in Eastern Europe and Central Asia is diverse, and has great potential to revitalize the economy of the countries in the region via improved productivity (efficiency) and higher total yield for food, fodder and fibre crops. Conservation Agriculture can rise to the major challenge of making sustainable intensification of production systems a reality.
In order for farmers to transition to appropriate sustainable production systems, the provision of an adequate enabling environment and access to knowledge and services, including extension, mechanization, inputs and market intelligence, are crucial.
Farmer Field Schools are the best place for exchanging experience and knowledge about Conservation Agriculture, building the technical and scientific capacity of national partners, and thus moving towards widespread adoption and uptake of sustainable and viable agricultural practices.
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How to use this Guide
This Guide is designed to provide coherent technical tools to Farmer Field Schools and extension service facilitators of Conservation Agriculture. Furthermore, the Guide is suitable for use within universities’ agriculture curricula.
As a living document, the Guide will be updated regularly, particularly in response to practical experience.
The Guide walks the user through a range of topics necessary for learning sessions with farmer groups. However, this is not a conventional guide or “cookbook”. There is no standard formula or “recipe” to be applied in a given context, no list of “ingredients”.
Instead, this Guide provides technical guidelines for the sustainable implementation of Conservation Agriculture and, very importantly, offers specific advice for adapting local “ingredients” to the local “taste”.
Moreover, it is important to note that this Guide is not intended as a facilitation tool, and the topics are addressed from a purely technical perspective. However, it is written in such a way that anyone will be able to understand it, although certain technical terms are included for the benefit of readers from an agronomic background; explanations of such terms are provided in the Glossary at the end of the Guide.
The Guide is adapted for an eight-module training course for facilitators and trainers.
Facilitators who receive this training will be qualified to run subsequent training courses for other trainee facilitators once they have also implemented Conservation Agriculture systems at field level for a minimum of one season.

In the Eastern Europe and Central Asia region, the low-input cropping systems dominated by cereal monoculture and intensive tillage have a marked negative impact on pressure from diseases, weeds and pests resulting in decreased profit margins. The agricultural model based on mechanical soil tillage, exposed soils and continued monocropping is typically accompanied by negative effects on agriculture’s natural resource base to such an extent that future agricultural productive potential is jeopardized. This form of agriculture is considered to act as a major driver of biodiversity loss and to speed up the loss of soil by increasing the mineralization of organic matteri and erosion rates.
A large share of the potentially available land in the region is either not particularly suitable for agriculture or locked up in other valuable uses that are important for the healthy functioning of ecosystems (including forests, grasslands, protected areas, human settlements and infrastructure). The vast majority of crop production therefore increasingly depends on raising production per unit area of farmed land.
There is an urgent need to empower farmers to be active protagonists in improving agricultural production systems that harness the benefits provided by ecosystem services, and to build regenerative agro-ecosystems (Figure 1).
The vision of the Food and Agriculture Organization of the United Nations (FAO) involves natural resource use and management interventions that deliver multifunctional agricultural landscapes, where communities are supported by the multiple ecosystem services and associated benefits provided by these landscapes.

Conservation Agriculture, a system avoiding or minimizing soil mechanical disturbance (no-till) combined with soil cover and crop diversification, is considered a sustainable agro-ecological approach to resource-conserving agricultural production. While Conservation Agriculture farming systems capable of improving productivity have been developed in the region, the change to a different system and to new ways of doing business carries a perceived and sometimes real risk of failure for farmers. For this reason, the Guide identifies two necessary components for the establishment of effective Conservation Agriculture systems: first, building of multidisciplinary scientific and technical capacity; second and most important, close collaboration with farming communities – rather than only with farmers – to capitalize on their existing and traditional knowledge.
Agriculture, including Conservation Agriculture, is not a single or uniform technology that can be immediately applied anywhere in a standard manner. Rather, it represents a set of linked principles that encourage the formulation of locally adapted practices, approaches and methods.
Farmer Field Schools are flexible and have a wide range of applications and are therefore the ideal context for testing, evaluating, validating and finally implementing Conservation Agriculture principles under local specific conditions. Farmer Field School facilitators and extension agents have the fundamental role of listening carefully to farmers; they value their experience and must always take into consideration their knowledge and priorities. They also need to learn how technologies that farmers themselves have selected can best be adapted to local needs and most effectively communicated and promoted.
This Guide aims to provide elements of capacity development to promote and assist in the identification and testing of effective Conservation Agriculture systems for adoption and dissemination through Farmer Field Schools or similar extension systems.

Land degradation and soil fertility deterioration (Figure 2) are two of the main causes of agricultural production stagnation and decline in the region. Typically, the risks of soil degradation are underestimated because their symptoms, such as air and water pollution due to erosion, are measured off farm and remain unseen by farmers. In these circumstances, farmers are unlikely to be aware of the problem and take action.
Traditionally, bare soil is considered agreeable to the eye and a farmer with nicely ploughed fields is deemed a good farmer. Seedbed preparation involves several operations, including ploughing, disking and harrowing, aimed at killing emerging weeds prior to seeding the crop and creating a bed to plant seeds. However, from the standpoint of soil health and function, the combination of inversion tillage, failure to apply nutrients at sufficiently high levels to prevent “mining”, and low levels of biomass restitution to the soil results in a progressive degradation of the natural soil structure (cohesiveness and aggregation) and fertility. Such degradation is the consequence of both mechanical damage to the soil (compaction and pulverization) and an associated decline in its organic matter content and biodiversity.
The continuous use of ploughs at the same depth and the passage of machinery result in the creation of compact subsurface layers (plough pan). This leads to a breakdown of soil aggregates and a reduction in the pore spaces within the soil that are vital for it to function as an effective medium for plant growth (for the development of plant root systems, oxygen availability and soil water movement). The rate of water infiltration and retention are drastically reduced with a simultaneous increase in surface run-off and loss of soil, nutrients, organic matter and seeds. Loss of organic matter also reduces the chemico-biological processes that are important for providing the humic gums which contribute to the stability of soil aggregates and release nutrients for uptake by plants. The activity of soil biota is also negatively affected: most noticeably, earthworm populations with their inherent capacity to aerate the soil and incorporate organic matter to a greater depth are reduced. This in turn may lead to increased production costs and reduced profitability.

However, alternative options to soil tillage do exist.
The most cost-effective agro-ecosystem management strategy for preserving and improving agricultural sustainability involves conserving the soil on the field in the first place and investing in its fertility through agricultural practices that do not diminish the soil organic matter (SOM) and biological activity, as well as the soil itself, while achieving competitive crop yields and biomass (Figure 3).
Sustainable agronomic practices – like most stable natural ecosystems – are based on the permanent and total protection of the soil through species diversity and involve:
■maintaining a protective layer of vegetation on the soil surface;
■limiting mechanical disturbance to the purpose of placing seed or fertilizer; and
■adopting economically well-designed crop rotation to guarantee an increase in the quantities of organic matter on and in the soil, in order to provide surface protection and foster soil life, and thus maintain and improve soil structure, reduce rates of erosion and water evaporation, enhance soil moisture-holding capacity, and extend the availability of nutrients to crops.

Maintaining the soil in fit condition for the active life processes of the whole soil–plant–water nutrient system is a key factor in improving soils’ biotic self-recuperation capacity, sustaining the land’s productive capacity and enabling safe intensification of land use.
Challenges to sustainable intensification in Eastern Europe and Central Asia are summarized in Box 1. Soil health is addressed in Section 2.1 and sustainable soil management in Section 2.2.

2.1 Soil health related to sustainable agriculture
Soil health is the capacity of a specific kind of soil to function – within natural or managed ecosystems – sustain plant and animal productivity, contribute to the regulation of nutrient, water, carbon and gaseous cycles, and support human health and habitation.
The productivity of a soil depends on its physical, chemical, hydrological and biological properties, which are discussed in this section, and it is widely linked to soil biodiversity (see Box 4 at page 16). Soil organisms break down organic matter to use it as food; the process is mechanical (comminution) and chemical (mineralization) (see Box 3 at page 14). Any excess nutrients are released into the soil and used by plants; the recalcitrant (indigestible) fraction of the organic matter is reorganized as soil organic matter (SOM), which is less decomposable than the original plant and animal material (Box 2 at page 13). In turn, SOM content – especially the more stable humus – increases the capacity not only to store water but also to store (sequester) carbon from the atmosphere, thus increasing the soil organic content (SOC).
Why
It is widely acknowledged that soil degradation is harmful, but the extent of its harmfulness is often not recognized. The benefits of a healthy soil are easily unnoticed, but the costs of an unhealthy soil are manifest. On-farm soil erosion results in increased fertilizer use and reduced yields. Erosion removes the original topsoil from a field and furthers the degradation of organic matter. Consequently, during ploughing, the subsoil becomes mixed with the remaining topsoil with a negative impact, because in mature soils, the subsoil material is not as rich in organic matter and is less fertile.
Degraded soils are at much greater risk from the damaging impacts of climate change due to loss of SOM, reduced biodiversity, increased compaction and increased erosion. In addition, land degradation is itself a major cause of climate change.
Table 1 provides the basic soil principles for climate change adaptation and mitigation.

What
A healthy soil has sufficient depth for plant roots to grow properly, contains lumps and clumps of different sizes, is not compacted, and does not seal after rain; it is alive, is neither too acid nor too alkaline, and is rich in organic matter. This section provides relevant soil health indicators.
Soil texture, structure and water-holding capacity
Water storage in the soil depends on many factors, including rainfall, soil depth, soil texture (clay content) and soil structure. Soil texture is the relative share of the different sizes of mineral particles (sand, silt and clay) which influences its water-holding capacity and ability to retain and exchange nutrients. Soil structure is the arrangement of those particles into aggregates. Unlike texture, soil structure can be modified by agronomic management.
Different soil types and textures offer different degrees of water permeability and protection of the SOM. Within the soil matrix, stable forms of SOC, such as humus, can hold up to seven times their own weight in water. Therefore, a soil that has a crumbly structure that breaks easily into separate lumps and clumps will absorb water more quickly than one that is compacted. Sandy soils are the least productive as they are highly permeable due to their larger sand grains and pore spaces and hence have low water-holding capacity and offer limited protection to SOM compared with soils with a higher proportion of silts and clays that attract and retain water and nutrients through chemical attraction.
Soil management can influence water infiltration and the capacity of the soil to reduce soil water evaporation and store water in the profile:
■Sandy soils can be managed productively even in hot, dry climates by adding organic matter, and in irrigated systems by supplying nutrients through drip irrigation.
■Ground-cover management can have significant effects on soil surface condition, SOM content, soil structure, porosity, aeration and bulk density, and can thus influence infiltration rates, water storage potential and water availability to plants.
■Improving soil compaction increases the effectiveness of rainfall, enhancing productivity as well as reducing rates of erosion and dispersion of soil particles, and decreasing risks of waterlogging. Compacted soils or soils with a hardpan may waterlog easily and then dry out quickly.
Bulk density
Bulk density is a measure of the mass of particles in a volume of soil. If bulk density goes up, porosity goes down. It is favourable to have a low bulk density. Optimal bulk density (allowing water, air and roots to move through the soil) depends on soil texture. Table 2 presents the ideal and problem bulk densities of different soils.

Higher bulk density does not always mean greater compaction. What is important for effective soil function are soil structure, porosity and aggregate stability, which influence infiltration rate, water and nutrient retention, percolation and drainage of water, soil aeration and load-bearing capacity. Repeated soil tillage can reduce bulk density but destroys soil functions. Conservation Agriculture can lead to an increase in soil density while improving soil processes related to soil health and agricultural productivity.
Soil depth
Deeper soils can hold more water than shallower soils (because they have more room for the water). A deep soil with a good structure can soak up water for a longer period.
A hardpan turns a deep soil into a shallow soil and must, therefore, be removed.
If the soil is shallow, soil must be brought from elsewhere and organic matter added (see Section 6.1 on the use of cover crops). In irrigated systems, raised beds increase the depth of the rooting zone.
Soil pH
pH is defined as the negative logarithm of the activity of hydrogen ions in a solution. Soil pH is a measure of the acidity or alkalinity of a soil solution (the mixture of water and nutrients in the soil). A soil pH level of < 7 is acidic, 7.0 is neutral and 7-9 is alkaline. A pH range of 6.8-7.2 is near neutral.
The pH of most agricultural soils is 4.58.5 (Table 3). Areas of the world with limited rainfall typically have alkaline soils, while areas with higher rainfall typically have acid soils.
Soil pH influences soil nutrient availability (i.e. how easily nutrients dissolve and are available for uptake by plants) and biological activity (see Box 3 at page 14):
■Acidity reduces bacterial activity and therefore decomposition and nutrient release. Nitrogen-fixing Rhizobium bacteria generally do not do well in acid soils.
■Highly alkaline soils have suppressed biological activity; they are at risk of soil crusting, salinity and accumulation of toxic levels of sodium and other minerals.
■Earthworms prefer a near-neutral soil pH: at a pH < 5 and ≥ 7 their activity is strongly reduced.

Soil organic matter and soil organic carbon
The most indicative element for soil quality is soil organic matter (SOM). SOM is the organic fraction of the soil comprising dead plant and animal materials in various stages of decomposition; it does not include fresh and undecomposed plant materials lying on the soil surface. SOM primarily contains soil organic carbon (SOC), but also macro- and micronutrients essential for plant growth and some inorganic carbon.
SOC has an impact on the overall biological resilience of the agro-ecosystems and is important for soil physical properties (aggregation, water-holding capacity) and chemical fertility (nutrient availability), and is a sink for atmospheric carbon. SOC enhances soil structure by binding the soil particles together as stable aggregates, and improves soil physical properties, such as water-holding capacity, water infiltration and aeration, favourable for plant health and production. In other words, SOC gives soil its water-retention capacity, its structure and its fertility.
Part of the biomass returned to the soil through processes of decomposition is converted into carbon compounds with a long residence time (i.e. humus and related organomineral complexes). The fraction varies depending on the quantity and quality of the biomass and it is higher in ecosystems with high biodiversity. Box 2 summarizes soil carbon pools.


In most soils, young and unstable macroaggregates formed by biological processes offer physical protection to carbon and nitrogen, but need to be further stabilized to lead to long-term carbon accumulation. In the carbon stabilization process, first microaggregates are formed within the unstable macroaggregates. These macroaggregates are then broken down further with the liberation of the microaggregates. The processes for the stabilization of aggregates (Box 3) include some climate-dependent factors (such as wet-dry cycles), but mainly biologically dependent factors (such as ageing and growing roots that exert pressure, remove water and produce exudates that have a role both as cementing agents and as substrate for further microbial activity). Mechanical soil disturbance (i.e. ploughing) is particularly detrimental for the build-up of SOM, as it disrupts these important biological processes.


There is a strong linkage between organic matter (e.g. crop residues), superficial SOM accumulation and the consequent SOC vertical stratification, water infiltration, erosion resistance and conservation of water and nutrients. As a result, failure to leave sufficient (see Box 7 at page 33) crop residues on the soil (i.e. low organic matter inputs) inhibits SOC stabilization, and this cannot be compensated for by other factors or inputs. It is recommended to leave organic matter on top of the soil, not to mix the litter. Mixing organic residues into the soil promotes the rapid degradation of stable SOC and should be avoided.
Organic matter and soil life
Soil must be living to be productive. Soil is a complex habitat for diverse biota and predator–prey relationships. Soil organisms that spend all or part of their life cycle within the soil or on its immediate surface are responsible for a range of processes vital to the health and fertility of soils in both natural and agricultural ecosystems. Box 4 provides a brief description of the role of the organisms commonly found in the soil (Figure 4).


During the decomposition of SOM, the myriad of organisms in the soil food web release a range of nutrients necessary for plant growth. Many of these plant nutrients exist in the soil in the form of positively charged ions (i.e. cations). The negative charges on the surfaces of clay particles and SOM attract the cations, providing a nutrient reserve available to the plant roots; only a small percentage of the essential plant nutrients remains “loose” in the soil water and directly available for plant uptake. Plants obtain many of their nutrients from soil through cation exchange, whereby root hairs exchange hydrogen ions (H+) with the cations adsorbed on the soil particles.Clay soils have a higher cation exchange capacityiv than silty soils and sandy soils, in addition to greater potential fertility.
How
The number of soil biota decreases rapidly and builds up slowly during the growing season.
Sustainable agricultural systems should preserve all complex biological networks and interactions among roots and the soil food web (fungi, other microflora, micro- and macrofauna in the soil). Tillage operations disturb the soil life and soil organisms are suddenly exposed to the sun, heat and drought. Consequently, tillage reduces soil biodiversity, and higher life forms are more affected than, for example, bacteria. Furthermore, ploughing (using either mouldboard or disc ploughs) at the same depth and the passage of agricultural machines are the primary causes of hardpans or compacted layers.
Conventional methods for obtaining soil physical measurements (e.g. bulk density) using disc permeameters and penetrometers are slow. A rapid farmer-level methodology to evaluate the morphological condition of soils in the field is the Visual Soil Assessment Methodology (see Box 5 at page 18).
Visual Soil Assessment (VSA) includes a critical set of measurements linked to land degradation worldwide; founded on strong science, it is simple yet effective. It is based on the visual assessment of key soil state and plant performance indicators of soil quality, presented on a scorecard.
With the exception of soil texture, the soil indicators are dynamic indicators, i.e. capable of changing under different management regimes and land-use pressures. Being sensitive to change, they are useful early warning indicators of changes in soil condition; as such, they provide an effective monitoring tool.
Corrective measures to improve soil health are discussed in Section 3.1.
2.2 Objectives of soil and land management for sustainable agriculture
Why
In general, protecting soil with a superficial layer of organic matter improves the capture and use of rainwater as a result of increased water absorption and infiltration and decreased evaporation from the soil surface.


This leads to reduced run-off and soil erosion and higher soil moisture throughout the season compared with soils that are disturbed then left unprotected. These benefits are due to three separate processes:
■SOM plays a major role in absorbing water at low water potential.
■Soil protection through organic matter and the high presence of large water-stable soil aggregates enhances resistance against water and wind erosion.
■Water infiltration rate is a function of the initial water content and of soil porosity. Porosity can be influenced by the presence of channels created by roots, and by meso- and macrofauna.
At the same time, agro-ecosystems with high biodiversity (through enhanced complexity of the crop rotation) favour accumulation of carbon.
Roots have a crucial role in the soil ecosystem: they provide the substrate for energy to the biota of different soil strata and thus boost soil biodiversity (increase in number and type of soil biota). Inputs from (deep) rooting systems are ideal for taking carbon deep into the soil, where it is less susceptible to oxidation. Decomposition of old rooting systems adds organic matter at depth, while active roots produce exudates and – notably, in the case of legumes – favourable mycorrhizalv associations which promote a larger microbial population in the rhizosphere and facilitate the binding of aggregates. Root fungi, also known as mycorrhizal fungi, are important soil organisms for bolstering the soil cycles governing the give and take between plants and soil (Figure 5). Plants with mycorrhizal connections can accumulate up to 15 percent more carbon in the soil. The most common mycorrhizal fungi are marked by thread-like filaments, called hyphae, that extend the reach of a plant, increasing access to nutrients and water. Hyphae are coated with glomalin, a sticky substance that is instrumental in soil structure and carbon storage.
SOC accumulation is a reversible process: with even a single tillage event, sequestered soil carbon and years of soil restoration may be lost. On the contrary, when a soil is not tilled for many years, SOM mineralization in soil surface layers is reduced causing the active fractions of SOM to increase.
What
Constant soil- and water-related features in Eastern Europe and Central Asia include water scarcity (in irrigated systems), drought (in rainfed systems), and soil degradation. With regard to soil degradation, when erosion occurs, soil particles are lost, carrying organisms, pesticides and nutrients away with them. When soil is exposed to the impact of weather, it oxidizes and soil organic carbon (SOC) is lost through mineralization. Tillage is the major cause of loss of soil and SOC. In the absence of carbon and critical soil organisms, soil becomes mere dirt, which is an unsuitable medium for plant growth.

In addition, tillage customarily modifies the soil profile. Tillage mixes soil and crop residues in the surface, pulverizes aggregates, increases soil sealing and crusting at the very surface of the soil, compacts soil just below the tillage tool, and leads to a decline in soil organisms, such as earthworms (especially nightcrawler species that make deep burrows into the subsoil).
In order to support soil health, soil conservation measures are needed, ensuring that soil is fertile, and protected from erosion and evaporation. To achieve this, production systems must be non-extractive. Regenerative agricultural practices have the potential not only to boost soil productivity but also to increase resilience to floods and drought.
How
Regenerative techniques allow the soil to rebuild and grow rather than get lost through erosion and include the following:
■Seeding fields year round in crops or desired living vegetation, or at least keeping fields covered by organic residues for as much of the year as possible.
■Minimizing mechanical soil disturbance continuously over time.
■Using intensive and diversified crop rotation in order to keep living roots and feed soil organisms responsible for the functional processes (e.g. decomposition and nutrient cycling).
■Keeping the soil uniformly covered (with evenly distributed residue) and shielded from heat, rainfall and wind impact.

Why
The three Conservation Agriculture pillars support a wide range of functions:
■Prevention of soil degradation and erosion. The rehabilitation of the land’s agro-ecological productivity potential and soil-mediated ecosystem services establishes a virtuous cycle of soil and land development.
■Production of abundant above- and below-ground biomass to protect the soil:
•The soil receives physical protection from the weather (impact of raindrops, force of the wind and heat from solar radiation), with a consequent reduction in soil and nutrient erosion (hence improved soil productivity), water evaporation, temperature fluctuations, and surface sealing and crusting.
•Cover crops in a no-till system provide a food source and habitat for soil organisms.
•Organic materials (e.g. bacterial waste products, organic gels, fungal hyphae, worm secretions and casts) have adhesion properties and therefore contribute to soil aggregate formation and stability, and improve soil trafficability. In contrast, when aggregates are disrupted, microorganisms (mostly bacteria and fungi) start consuming the youngest carbon pool, the major (i.e. temporary and transient) binding agents become lost and the soil is dispersed. Further, when macropores are disrupted, the remaining recalcitrant carbon bonds with soil cations, creating cohesion forces that lead to soil compaction.
■Balancing of the C/N ratio during crop rotation. The rotation between cereals (high in carbon) and legumes (high in nitrogen) means that the cropping pattern can provide sufficient nitrogen together with structural carbohydrates (e.g. lignin) to enable nitrogen from decaying surface residues to be released gradually and serve as a source for the subsequent crop (see Box 8 at page 54). In contrast, a high concentration of slowly decomposable crop residues alone causes temporary soil nitrogen immobilization, while only residues with a low carbon/nitrogen (C/N) ratio (e.g. legumes) improve nitrogen availability, but decompose too quickly to guarantee the necessary soil protection.
■Maintenance of active “soil biological infrastructure”. Intensive crop rotationsviii provide abundant, varied organic matter (i.e. nutrients, and hence substrate, rich in carbohydrates and nitrogen) to keep soil biota active, foster diversity of genera and species, and enhance their functional roles.
■Control of weeds, pests and diseases. The diversified rotation of complementary plants is an effective phytosanitary strategy.
■Realization of economic sustainability. Savings in energy (fuel, labour) and capital (wear and tear) translate into a reduction in production costs, with effect from the first year – in contrast with all other soil management practices, which usually have a delayed impact on farm revenues. Note that crop diversification is also recommended for economic stability and sustainability.
■Preservation of soil nutrients. The organic matter accumulation–mineralization cycle is the functional engine of Conservation Agriculture, as it helps to restore and maintain soil fertility and reduce soil erosion.
■Soil moisture conservation. A superficial layer of organic matter on the soil improves the capture and use of rainfall through increased water absorption and infiltration and decreased evaporation from the soil surface. In contrast, heavy raindrops break up soil aggregates on the surface, and fine particles clog up and seal the pores, thus preventing water from being absorbed.
■Off-site functions. The reduction of sediment load in surface waters is very important, especially in regions with steep slopes in combination with high rainfall intensity.
It should be noted that modification of the soil profile needs time to develop and, what is more, it can be rapidly damaged by just one tillage pass. Hence the importance of long-term Conservation Agriculture.
What
Conservation Agriculture is a resource-saving agricultural production system that aims to attain production intensification and competitive yields while enhancing the natural resources base. It achieves this through compliance with three linked principles implemented with locally formulated adapted practices together with other good production practices, including crop, nutrient, water and pestvi management practices (Figure 6). The three linked principles:
■Continuous minimum mechanical soil disturbance with direct seeding (i.e. no-till).
■Permanent soil organic cover with crop residuesvii and/or cover crops to the extent allowed by water availability.
■Species diversification through varied crop rotations, sequences and associations.

3.1 Constraints and solutions to the introduction and adoption of Conservation Agriculture
What
Studies on the status of Conservation Agriculture in Eastern Europe and Central Asia have allowed to define the challenges faced by Conservation Agriculture adoption throughout the region, including:
■Farmers’ inability to identify most suitable diversified crop rotations.
■Shortage of suitable implements/field equipment.
■Lack of knowledge about Conservation Agriculture systems – both among extension and technical staff, and at decision-making levels:
•Cultural background is of great consequence: where tillage is deeply rooted culturally, lack of knowledge about Conservation Agriculture systems and their management makes it particularly difficult for farmers to produce crops without ploughing. Conservation Agriculture is much more than simply seeding into sod; it is more difficult to implement than tillage.
•Most farmers are capable of mechanically incorporating chemical nutrients into the soil, burying weed seeds and recreating a temporary soil structure on a seasonal basis – a precarious environment favourable for crop growth. However, no-till requires a different approach to agronomic management. Fewer farmers know how to set up a crop rotation aimed at producing adequate biomass by crop successions, providing soil nutrients, reducing weed growth in time, diminishing pest incidence and producing competitive yields.
•Farmers need specific knowledge about how to profitably fit cover crops into the crop rotation and they require experience to be able to choose the right implements (especially no-till drills) for specific on-farm conditions. In the case of combined livestock and crop production in a Conservation Agriculture system, additional techniques and management skills are required.
■Insufficient biomass production in semi-arid areas due to low rainfall, short growing periods and competition for use of crop residues (mainly for use as feed). Fields left bare at the end of the dry season induce soil degradation and continuous decline of crop yields.
The above challenges should be regarded as opportunities to transform agriculture and adopt systems that are more sustainable than tillage-based ones; moreover, they represent opportunities for achieving multiple environmental objectives.
How
In order to be successful, Conservation Agriculture cannot be adopted without detailed planning (at least one year in advance). Farmers need to develop an adequate level of knowledge to ensure that all aspects of the new production systems are considered. This section provides important operational recommendations and addresses the role of policies.
Before starting:
■Perform soil inspection and analyses to detect nutrient, pH and drainage status. As Conservation Agriculture relies on soil life, soils must reach a condition in which life can develop. Physical and chemical soil limitations should be corrected before starting Conservation Agriculture. This is especially true in degraded/depleted soils where some sort of amelioration investment might be necessary to rehabilitate them. In particular, in the case of:
•nutrient deficiencies – use cover crop residues and mineral fertilizer;
•acid soils (pH < 6) – apply lime to raise the pH; this needs to be done before starting Conservation Agriculture, as lime reacts more intensively when it is incorporated in the soil;
•compacted soils (of either pedogenetic compaction or plough pans or heavy disk pans) – subsoil using a subsoiler (or a ripper for shallower compaction layers) to remove hardpans/plough soles; and
•rough and uneven field surface and microreliefs – level the fields to allow seeding at an even depth; the final tillage operation before changing to Conservation Agriculture must eliminate traffic furrows (usually with a subsoiler shank), furrows and ridges left by a cultivator, and erosion rills (depending on the depth of the rills, using a disk harrow or a plough), leaving the surface of the fields levelled (usually with an offset disk harrow); precision levelling can be better achieved through laser guidance.
■Control any problem weeds. In the case of herbicide use, take time to learn to identify and use herbicides correctly to avoid health hazards and to ensure the effectiveness of the treatment. This includes understanding the calibration of the herbicide applicator.
■Plan and plant a varied crop rotation for the initial years with the aim of producing the maximum possible amount of crop residues under the local agro-ecology (see Section 6). The choice of crop depends on:
•what seeds are available;
•what grows well in the area; and
•whether farmers can sell the produce.
When planning crop rotation, consider also the following:
•Avoid initiating Conservation Agriculture in fields where crop residues have been burned – burning crop residues is the worst possible condition, and removing them is the second worst condition.
•Start Conservation Agriculture after a crop in which good weed control can be achieved.
•Ensure that the harvest of the previous crop (whether a market crop or a cover crop) leaves enough residues on the soil surface.
■Gain experience:
•In mechanized systems, avoid making large capital investments at an early stage; consider that specialized drills may be available on a rental or demonstration basis.
•No-till planting is a one-pass operation: mistakes or poor performance during the planting operation can be very costly.
•Take time to practise on a small portion of the field to acquire operational skills for seeding uniformly at the exact predetermined depth. Begin by planting into low residue; with more experience, plant into more residue.
•Start by developing a Conservation Agriculture system on a small area (10 percent of the farm size) in order to gain experience and adjust to new habits and timetables. The technology can later be applied to the whole farm.
•If possible, talk to experienced Conservation Agriculture farmers, and learn from their experiences and mistakes.
In all systems:
■Perform routine soil inspections and analyses of nutrient status and pH. During soil sampling, pay attention to the following:
•Span the whole row width with a specialized broad, flat (vertical) sampler in order to avoid the distortion of the results due to fertilizer concentrations in the row (alternatively, a high number of random samples can be taken).
•Take samples at: 0-10 cm and 10-20 cm, to take account of the high nutrient concentration at the soil surface (due to nutrient recycling through surface residues); and at 20-40 cm, to identify factors which will impede root development.
■Adopt integrated disease and pest management.
■Include diverse crops in the rotation to combine the benefits of individual species, taking care to include species that produce large amounts of biomass, as well as species with deep, strong roots that help avoid soil compaction and/or break hardpans. Crop diversification strategies include growing different crop species as pure stands in sequence or as crop mixtures (see Box 11 at page 73).
•In small-scale food production (not in production for seed multiplication purposes), it is recommended to use a mix of varieties in association to reduce the risk of complete crop failure: if one variety fails to perform, the other will compensate.
•In cover-crop-based systems, crop associations allow the inclusion in the mix of small amounts of valuable varieties (with expensive seeds). Mixes may include between two and four species with different habitus (e.g. bushy, creeping) and different root types (e.g. fasciculated, tap roots). For example: Brassica rapa and oat or oat and peas (Figure 7) work well in a mix, as they have very different root types.
Additional benefits related to higher species diversity include renewed opportunities for expanding to niche markets in the region (Figure 8). Diversified crop rotations will become increasingly important considering the market potential for crops such as oilseed crops (rape, mustard, safflower, sunflower), annual grain legumes (pea, chickpea, lentil), forage legumes and cereals (durum wheat, barley, oat, millet, cereal rye, buckwheat). Farmer Field Schools can introduce their members to profitable new ideas, and help farmers work out what to produce, how to produce it and how to get it to market (see Box 6 at page 31).



■Begin Conservation Agriculture at harvest. Following harvest of the previous crop, in order to ensure soil coverage (through to planting):
•leave crop residues in the field;
•keep residues well spread;
•plant crops at the optimum spacing; and/or
•plant cover crops either intercropped or relayed.
The above measures protect the surface from sealing/crusting and help prevent loss of precious water and soil. Plants and mulch slow down the flow of water on the surface, giving it time to soak into the soil. At the same time, roots and organic matter increase the number of pores and channels through which more water can infiltrate.
■Plant early and ensure a dense crop after emergence. These measures contribute to good ground cover. Conventional farming systems have long-established schedules: in irrigated areas, if the soil is dry, farmers traditionally irrigate, till and then seed; in rainfed areas, they typically wait for the first rains in autumn to germinate the weeds; they then kill the weeds and finally seed.
Conservation Agriculture offers advantages in terms of seeding:
•Flexibility – farmers may plant as soon as the previous crop is harvested and the weather permits seeding operations.
•Water-use efficiency – in dry climates under rainfed conditions, early seeding of cereal crops allows for greater water-use efficiency through the growing season: early sown crops make use of the first rains to establish rapidly in the autumn, continue growth early in spring when temperatures are cooler and more soil moisture is available, and avoid heat stress and moisture deficits (e.g. during the grain-filling stage) in early summer.
However, early seeding practices must also take into consideration the possibility of late spring frost or early autumn frost events, especially where legume crops are concerned (when not grown for mulch production). Weed control in early sown crops is described in Section 5.2.
Conventional seeding rates currently adopted by farmers in the region are often unduly high (against the advice of extension agents), leading to excessive competition between plants. This is especially detrimental where water availability is limited and/or the cost of seeds is high. In Conservation Agriculture, it is important to:
•calibrate the seed drill accurately; and
•use quality seed material of adapted varieties.
■Replace the crop sequence as soon as soil carbon accumulation decreases. The replacement sequence should be new and more intensive to increase the return of fresh organic matter in time and space; it will feed soil life and improve the soil structure.
■Optimize crop residues. Crop residues are often not sufficient to provide complete coverage of the ground, especially in the case of competition for other uses. In many countries in the region, stubble grazing by livestock after the harvest is common practice. Light stubble grazing does not harm soil fertility, because sufficient crop residues remain and there is a return in the form of dung and urine. However, since fencing is not commonly used, stubbles are usually overgrazed – or even grazed against the wishes of the crop producer. Box 7 provides guidelines reflecting concurrent uses of crop residues.
In semi-arid areas:
•avoid uncontrolled stubble grazing;
•identify alternatives to free-roaming livestock that are agreed on in the community; and
•ensure that the residues left are sufficient to cover the soil (Figure 9) and to avoid soil compaction through trampling.
Any surpluses may be sold – however, only excess straw should be removed from the field. Straw can have a good market price and maintaining it in the field may be perceived as an economic loss. On the other hand, keeping the soil covered reduces the costs of applying fertilizers and herbicides and these benefits can compensate for the unachieved sale of straw. Economic losses resulting from reduced sales of straw can also be compensated for by increased yields.


Policy and institutional role in supporting the adoption and spread of Conservation Agriculture
While the approaches towards sustainable intensification based on Conservation Agriculture are very promising, the specific technologies vary depending on local conditions and farmers’ needs.
It is important that governments and institutions also provide the necessary support. They must be dynamic, able not only to respond to farmers’ varied and changing needs but also to reduce any risks during the changeover period. Policies need to focus on:
•facilitating national development strategies aimed at adapting Conservation Agriculture to farmers’ needs and upscaling it;
•encouraging stakeholder engagement through national and regional platforms;
•bringing together suppliers and purchasers to work as a team with government field staff and others in response to farmers’ needs and requirements;
•supporting Farmer Field Schools, which have an important role, providing opportunities to achieve the goal of Conservation Agriculture by encouraging farmers to group together and making suppliers (of inputs and technical advice) aware of potential opportunities;
•promoting technologies and capacity building with technical extension programmes (to further ensure accessibility and affordability of the required inputs and equipment); and
•facilitating procurement with credit lines.
For the foreseeable future, supporting the adoption and uptake of Conservation Agriculture in the region should remain a high priority in the efforts of FAO, donors and local partners.

Evidence worldwide shows that the widespread adoption of Conservation Agriculture practices is unlikely without the right equipment: specialized equipment suitable for seeding in untilled and mulched soils (i.e. in the presence of stubble and/or a cover crop), and for controlling and managing cover crops and crop residues must be readily available and affordable.
When new technologies are extended to farmers, the conditions must be right: if farmers are to adopt innovations, they must want to, they must know how to and they must be able to follow recommendations. If no-till machines or service providers are not available, farmers will not be able to follow the recommendations.
This chapter describes the equipment needed for weed management (Section 4.1), crop residue management (Section 4.2) and no-till seeding (Section 4.3).
4.1 Weed management
The following equipment for herbicide application is available:
■Operator-carried weed wipers – best suited for small-scale farms. No specific knowledge is required concerning the application of agrochemicals and they carry a lower risk of spray driftix and crop damage compared with sprayers.
■Operator-carried knapsack sprayers – popular, but difficult to use properly. Training is necessary for correct operation. For large area coverage, they can be adapted with multi-nozzle spray booms; for inter-row weed management in row crops with total herbicides, they can be adapted with a spray shield to avoid crop damage.
■Spraying equipment (for manual or animal traction and also suited for single-axle tractors and four-wheel tractors) – see Section 4.2 and Box 9 at page 56.
4.2 Crop residue and growth management
The management of cover crops and residues is a vital component of Conservation Agriculture; it requires careful selection and operation of the equipment.
Roller-crimpers for cover crops management
A roller-crimper to flatten and kill cover crops and leave the plant residues on the soil surface is an essential tool for cover crop management and contributes greatly to reducing herbicide rates in the no-till system (Figure 10).
The roller-crimper usually consists of a round drum with equally spaced, preferably chevron-patterned, blunt blades around the drum. The cover crop is crimped with the blunt blades – preferable to sharp blades that would cut the cover crop and dislodge residue that might interfere with seed soil contact at planting. Moreover, cut plants can produce regrowth, while crimped and flattened plants usually dry out and die. The use of curved blades on the roller drum alleviates vibration and allows higher operation speed. Rollers can be mounted at the front or the rear. Rolling and planting can be done in a single operation (saving time and energy) by using a front-mounted roller and rear-mounted drill.

The roller-crimper is not very expensive and can often be made locally or by the farmers themselves. Alternatively, similar artisanal implements can be adapted; for example, steel bars can be welded on top of the discs of an old disc harrow.
Different crops respond in different ways to rolling, and the timing of the operation also depends on the crop type. Preliminary research shows that some crops should be rolled during flowering to ensure termination. In some cases, one pass may not be adequate. Other crops may regrow: depending on the objectives, this regrowth and extra biomass may or may not be desirable. It is important that practitioners experiment with different crops and mixtures, testing different termination dates in their respective environments.
Spraying equipment
Spraying equipment requires special attention. Sprayers range from 20-litre backpack, single-nozzle types to self-propelled versions with up to 40-m booms and tanks of 2 000 litres or more (Figure 11). All sprayers use hydraulic atomizing spray nozzles. On large farms, pesticidesx can be applied through the drag system: two tractors drag a line of nozzles fed from a hose attached to a cable (≤ 100 m) between them. Spray planes are another option, but aerial application of herbicides carries a high risk of drift, resulting in environmental contamination of non-target areas and health hazards for the adjacent population; it is, therefore, not encouraged.

Spot-spraying can be done manually using backpack sprayers or lances coupled to the tank of a boom sprayer (isolating or removing the booms). Some equipment using rotary nozzles is also available, enabling controlled droplet application at much lower volumes than with hydraulic nozzles. Precision spraying tools (where sensors open only those nozzles on a boom that would cover live weed plants) can significantly reduce the amount of herbicides used for weed control, particularly when using non-selective herbicides in pre-emergence situations (common in no-till operations to reduce populations of broadleaf weeds in cereal crops and grass weeds in legume crops).
Choosing the correct nozzle is very important, as it can save time and money. Furthermore, it is important to check the good functioning of the nozzles: no dripping, correct position, even distribution and optimal drop size (avoidance of drift). Worn nozzles need to be replaced. Further considerations on the operation of spraying equipment are given in Box 9 at page 56.
Harvesting machines
The even distribution of plant residues is very important, as excessive residue in the centre and too little at the edges of the harvested width results in the poor performance of seeding and spraying equipment. Grain harvesting machines equipped with a well-designed device to spread the straw and chaff evenly over the entire cutting width are good options for handling grain crop residues (Figure 12).
Of the residue passing through a combine and falling to the ground, one portion comprises whole parts (e.g. wheat straw, whole corn stalks, legume stems) and another portion is made up of (or broken into) small pieces of material (chaff) that are either blown out or dropped out of the back of the combine.

Combines with heads of more than 6 m make it difficult to spread the residue evenly over the entire width of the harvested swath. The solution is to install a straw spreader and a chaff spreader. The spreader attachment, by design, spreads whole pieces of residue. The chaff spreader typically uses two spinning discs with rotating bats to throw the chaff in all directions behind the combine. Measures should be taken during construction of the combine to ensure that the straw dropping down at the centre is not thicker than that at the sides of the combine passes and that heaps of straw are not left when the spreader blocks. The performance of straw spreaders can be improved by increasing the speed and transmission power (for example using a double belt), or by increasing the size of the paddles on the spreader discs to increase the blowing effect.
Chopping the straw consumes more energy than just spreading it and, in most of the region, straw choppers are not needed: small residue is subject to movement by wind and water; in arid and semi-arid climates it is quickly decomposed. However, management of the straw (i.e. chopped and spread vs spread as whole stalks) should be coherent with the type of no-till seed drill used, as it may conflict with the good functioning of some furrow openers: chisel-type furrow openers usually require chopped straw, while disc-type equipment works better on whole straw.
Stripper headers or pickers, which spin backwards as the combine moves forwards, strip the grain off the crop or pick the cobs from the plant leaving the stalk intact and standing. Planting with disc openers in standing residue is usually very easy and the residue can then be flattened behind the seed drill. An additional benefit is the reduced bulk entering the combine, which results in significantly improved capacity and efficiency.
4.3 No-till seeding
The process of seedbed preparation without ploughing or tillage requires seed drills to:
■cut through crop residues;
■penetrate the soil (also compacted soils) to the optimum seeding depth;
■place seeds accurately, closing the furrow and ensuring good soil-to-seed contact; and
■apply mineral fertilizer slightly deeper than the seed furrow and slightly offset to the side.
This section presents a brief overview of the machinery and equipment available for no-till seeding.
Manual seeders
■Jab planters (Figure 13) insert a preset amount of seeds and fertilizer into the soil. They are commonly equipped with a double tip to apply fertilizer at the same time as the seed. Both fertilizer and seed flows are adjustable. To operate, they are jabbed into the ground with the point closed; the handles are then pulled apart, allowing seed and fertilizer to drop into the seeding hole; on closing, the seed and fertilizer points are recharged.
■Li-seeders (Figure 14) are formed like a two-pronged hoe. In the place of the hoe blade are the points for the seeds and fertilizer, which are released (in preset amounts) with each strike of the hoe.


Animal-drawn seeders
Animal-drawn seeders are mainly used by farmers in Africa and South Asia. However, they could be used in the mountainous areas of Eastern Europe and Central Asia, where the size of farms is limited and farmers use animals such as oxen or horses for field work or transport tasks (Figure 15).

Most animal-drawn seeders are single-row types, pulled by a single horse/mule or a pair of oxen. When equipment is drawn by horses or mules, the metering mechanisms must be designed to take into account the generally higher traction speed of these animals compared with oxen. Two-row versions are also available. In general, animal traction no-till planters are only available for large-grain row crops and not for small-grain cereal crops, which require much narrower row spacing.
Most animal-drawn seeders have a residue cutter disc/wheel up front (to remove build-up on the blade), followed by a fertilizer knife and an eccentric double disc for the seed. Seed distribution can be with a horizontal perforated disc or similar mechanical metering device. Some models use discs commonly available from large manufacturers; this facilitates local availability when different spacing is required for new crops. Some versions have depth wheels for both seed and fertilizer, while others have only one for seed. Their position and size are variable. Furrow-closing mechanisms are also varied and sometimes absent. The quality of fertilizer distribution varies depending on the model.
Single-axle walking tractors
Most animal-drawn no-till row crop seeders can be pulled also by single-axle walking tractors (Figure 16) the working principle is the same as for animal-traction seeders. However, there are also varieties specially designed for single-axle walking tractors, which cover up to four rows (although usually used for just one or two rows). Particularly in Asia, a number of low-cost no-till seed drills have been developed using chisel furrow openers or discs and, depending on the residue conditions, cutting discs for clearing the path for the furrow openers. In some cases, the operator can stand on a rear platform for additional weight to facilitate the working of double-disc furrow openers.

For small-grain crops and narrow row spacing (e.g. for wheat and rice) and in situations with heavy residues, no-till seed drills for up to six rows (1-m working width) have been developed. Some designs operate as strip-till seed drills, opening the seed furrow with narrow rotary harrows driven by the engine power take-off. In other cases, the residues are chopped ahead of the furrow openers – a necessary action, given the limited capacity of single-axle tractors to carry weight or to pull, which limits the residue-handling capacity of common tractor no-till drill designs.
Tractor-mounted and tractor-drawn seed drills
Undisturbed soils are denser and tougher to penetrate during the first few years of conversion to Conservation Agriculture. Also, the presence of stubble on the soil surface creates an additional obstacle for seeding. For these reasons, most no-till seed drills are heavier than conventional ones. The additional weight allows the seed drill to maintain the desired seeding depth in rough soil conditions and on heavy residues. However, some companies produce drills weighing as much as 2-3 tonnes and requiring high-horsepower tractors.
Due to their heavier weight, tractor-mounted models are limited to small units: about 2-3 m working width for small-grain seed drills and up to six rows for row crop precision planters. Larger units are tractor-drawn with their own transport wheels and vary from 4- to 40-row units; for small-grain seed drills, they may have a working width of up to 24 m.
The main components of all seeders are described below:
■Frame/chassis. The frame is composed of toolbars, a tractor hitch system and a mechanism to force the openers into the soil to the proper depth and ensure seed-depth control. In row crop planters, this mechanism comprises adjustable-depth gauge wheels (adjacent to the seed furrow openers); in small-grain seed drills, it is a pressure-adjustable press wheel (behind the seed furrow openers). In either case, pressure is transferred from the equipment weight to the single-row furrow openers individually. Most common seed drills use pressure springs (Figure 17). Penetration depth of the seed disc is adjusted by the lower stop of the rear pressure spring to ensure that sufficient pressure is resting on the depth control wheels to close and compress the seed slot. It is important that the machine, when working, does not rest on the limiting bolts of the drive wheels. The upper stops of the rear pressure springs control only the position of the furrow opener units when the seeder is lifted to avoid touching the ground; they do not control pressure and must never touch the support when the seeder is working. More sophisticated seed drills use hydraulic pressure with electronic seed depth sensors to adjust the necessary pressure to the specific soil conditions.
■Box/hopper. Some models have one box for the seeds and a separate box for the fertilizer; in other models, the boxes are combined.
■Seed distribution mechanism. In general terms, the seed distribution mechanism consists of a ground drive and metering system for each box, and tubes that deliver the desired amount of seed and fertilizer to the row seeding system. The drive wheel only receives the pressure required to drive the metering systems; it does not support any further weight. The metering system requires calibration to vary the rate of seed and fertilizer delivery independently of the ground speed. The basic types of seed distribution mechanisms available are as follows:

•Seed drills releasing a constant flow of seeds into the seed row. In seeders over 4 m wide, the constant flow is metered by mechanical devices fed by gravity from the seed box spanning the entire width of the equipment. Large seeders often use fans to assist the flow.
•Precision mechanisms delivering single grains to specific planting positions in a row. The metering of the seed into the seed tube can be mechanical (with perforated horizontal discs, inclined discs/finger wheels, or vertical wheels with small cups). Different designs result in different levels of accuracy and seed damage.
•Pneumatic precision mechanisms using vacuum to suck the seed onto perforated discs. These have a high level of accuracy, do not require that the holes of the discs exactly match the size and shape of the seed, and result in less seed damage, but they have higher maintenance requirements to keep the vacuum in the system.
•Air seeders blowing the seed out of a central seed box (which may also be on a separate trailer behind the seeder), through tubes, into the furrow opener. Air seeders are not in general use in the region, since small grains are usually sown with the traditional drill mechanism or with multi-grain-size universal machines.
■Row seeding system. Figure 18 indicates the elements comprising a row seeding system.
■Soil openers. Soil openers cut a continuous furrow/slot into the soil. Various types exist, suitable for a wide range of seeding conditions and budgets:

•Double disc openers have the major advantage of producing minimum soil disturbance, making just a slit for seed placement. Consequently, weeds are not stimulated to germination and few come to the surface. Further, double discs have a relatively low draught power requirement (thus, fuel consumption is low). On the other hand, to ensure clean cutting of residues and good penetration in hard-setting soils, they usually require high pressure, which entails the use of heavy equipment (usually 200-250 kg per row). In staggered double-disc openers, the leading edge of one disc is slightly in front of the other. The leading disc cuts the residue and soil acting as the coulter, and the trailing disc opens the seed furrow, thus eliminating the need for a coulter to cut residue, even in heavy residue conditions. Performance is further improved if the trailing disc has a smaller diameter than the leading one. With the staggered design, weight requirements can be reduced to about 100 kg per row. As the discs wear over time, a gap develops and residue and soil become wedged between the discs. Therefore, proper maintenance (i.e. sharpening or adjusting) is essential to ensure optimum seed placement. Good quality double-disc openers must be made with high quality steel: thin, but sharp and durable without bending or breaking. However, this often results in the very high cost of double-disc openers.
•Slot shoe openers slide under the residue and lift it out of the seed furrow. They require a coulter in front to avoid clogging problems from residue wrapping around the opener. Shoe seed openers are not suited for shallow planting into cover crops, as they would drag cover crops all over the field (Figure 19).
•Chisel or tine openers are usually cheaper and more durable. They require less equipment weight, but come with relatively high soil disturbance and a related loss of soil moisture. They are usually used on hard-setting dry soils (e.g. in rainfed areas).

■Fertilizer coulters/applicators. Coulters deliver fertilizer into the furrow. For some forms of nitrogen fertilizer, such as urea, surface application results in high volatilization rates. Therefore, nitrogen should be placed in the soil. This can be done in one operation with the seeding. However, seed contact with the fertilizer in the seed furrow must be avoided. Therefore, the fertilizer is usually inserted in front of the seed furrow opener, slightly deeper than the seed furrow, and ideally slightly offset to the side (to avoid seed falling into cracks left by the fertilizer coulter). Fertilizer coulters have the following basic variants:
•Guillotine knife coulter closely coupled to the residue-cutting disc with a small V-shaped guillotine attached to the knife that acts as a disc cleaner (smaller in heavier soils): always use a guillotine knife coulter coupled with a fertilizer boot for maize and cotton, and for seeding into desiccated pastures and thick residue layers.
•Knife coulter behind the residue-cutting disc (Figure 20) for use on hard, dry and compacted soils.
•Offset double discs with different diameters receiving fertilizer in the gap between the discs (Figure 21) for use on soft soils or with difficult residues. The offset discs can work with or without a cutting disc, but it is difficult to offset the seed disc from the fertilizer coulter (risk of seed burn from contact with K or N fertilizers).
As for seed metering systems, the fertilizer applicator needs to be calibrated.
■Furrow-closing devices. Closing devices cover the seed and ensure good seed-soil contact, which is essential for germination and seedling emergence. The principal types of furrow-closing wheels used to move the soil back into the seed furrow are:


•paired slanting wheels often mounted in a V-shaped configuration (with adjustable angle and pressure) to simultaneously close the seed furrow and establish seed-soil contact;
•a single slanted metal press wheel; and
•a single rubber-covered press wheel.
To firm the seed in the bottom of the seeding furrow, a narrow seed-firming wheel or sweep may also be present directly behind the seed tube and in front of the furrow-covering device.
In addition, disc seeders specifically include the following components:
■Residue-cutting discs/coulters. A residue-cutting disc/coulter may be positioned in front of a double-disc furrow opener, with the function of cutting the residue. Coulters can be straight/smooth (most common), rippled or fluted. In general, wider ripples or flutes on the coulter increase soil disturbance and require more weight for penetration. Rippled coulters perform less tillage with less weight, but allow for higher speeds. To avoid tracking errors on slopes and curves, the coulters should be mounted close to the seed furrow opener. To prevent the formation of air pockets that could dry out the soil, the coulter should be operated at slightly less than the seed placement depth.
■Row cleaners. Small residue may adversely affect the performance of furrow openers, because coulters designed to cut through residue may instead push small residue pieces into the seed furrow (hair-pinning).
•If residues are chopped, row cleaners may be used to sweep residue away from the opening discs of the seeding units. It is important that row cleaners move only residue, not soil: if soil is disturbed in the row, it will dry out and crust over.
•If residues are not chopped, row cleaning devices are not necessary. In particular, fingered row cleaners should be avoided as the cover crop would wrap around the fingers.
It is of the utmost importance to increase the accessibility and affordability of locally made no-till implements. Where adequate machines are not on the market, it is possible to use modified machines(old seeding equipment); it is only necessary to purchase new those units that come into contact with the soil, resulting in a significant reduction in costs. In any case, farmers are encouraged to make modifications (e.g. row cleaners or coulters) to facilitate field adjustment and ensure proper seed and fertilizer placement.

For all operations in mechanized systems, flotation tyres and controlled traffic should be used to prevent soil compaction. Sections 5.1 to 5.4 describe the operations in order of occurrence. Section 5.5 and Section 5.6 discuss considerations of phytosanitary management and nutrient management insofar as they refer to Conservation Agriculture; they do not refer to tillage-based technologies and do not aim to be exhaustive.
5.1 Crop residue management
Crop and cover crop residues have to be managed properly in order to fulfil their functions (Section 6.1). Direct seeding without soil cover can be worse than ploughing, as it favours soil compaction, poor plant nutrition and weed proliferation. As residue management in Conservation Agriculture is completely different from in tillage-based systems, farmers planning to adopt the technology must undergo a change in mentality. The following factors must be considered:
■Cereals should be cut higher than in tillage-based systems: optimum height approximately 25 cm. In some areas, this method helps avoid soil erosion and facilitates the collection of snow (Figure 22).
■Grain legumes should be harvested by cutting; the plants should not be pulled up and uprooted.
■Crop residues should never be mixed with soil to avoid/minimize nutrient immobilization and unavailability for the subsequent crop during the early part of the growing season (see Box 8 at page 54). Residues incorporated in the soil surface decompose more quickly than those left on the soil surface, and nitrogen immobilization can occur very early in the season.


■It is fundamental to ensure even distribution of crop residue on the ground after harvest; uneven distribution may prevent accurate functioning of seed drills and spraying equipment. It is therefore recommended to mount combine harvesters with a straw and chaff spreader (Section 4.2).
■In dry climates with low biomass production, straw chopping is neither necessary nor desirable: the chopped straw will be blown away and will decompose more rapidly.
5.2 Pre-seeding cover crops and weed management
Cover crops management
Depending on the geographic area, species and management, cover crops may die off during the dry season or winter kill, allowing subsequent seeding without any special treatment.
More persistent or perennial and upright species can act as weeds if not controlled. Therefore, farmers should have a method for controlling the cover crop before it competes with the next crop. This can be done in the following ways:
■Pre-seeding mechanical termination using a mechanical roller. Specialized equipment can be used to control and manage the residues of cover crops (Section 4.1):
•A roller-crimper flattens and breaks (crimps) the stems of the plants, which then dry within a few days. The cover crop is flattened parallel to the direction of planting, forming a dense mat on the soil surface. The crimping action facilitates cover crop desiccation. Roller-crimpers should cross the direction of future seeding rows. This helps avoid seeder problems arising when tall-growing cover crops lodge in multiple directions after chemical termination. The roller-crimper is a viable way to kill cover crops using fewer or no herbicides. Without herbicides, it works best with tall-growing cover crops (e.g. oat, cereal rye and wheat) terminated at flowering stage or later (dough stage). Combined with non-selective herbicides at half the recommended rate, it is as effective as using the herbicide at the full recommended rate to kill all cover crops. However, applying non-selective herbicides at reduced rates could lead to weed resistance (see Box 9 at 56). Therefore, it is safer to eliminate completely the use of non-selective herbicides with a roller or to use non-selective herbicides at the labelled rate (with or without rolling) in the context of diversified crop rotations.
•A vertical flail chopper or horizontal rotary chopper flattens, for example, cotton or maize stalks. Horizontal rotary choppers may produce windrows. Seeding diagonally across windrows helps to reduce clogging.
■Pre-seeding chemical control by spraying herbicides. The chemical desiccation of cover crops and weeds is discussed in Box 9, the equipment in Section 4.1.
■Controlled grazing of crop residues. When farmers own livestock, controlled grazing provides the crop producer and/or the neighbours with some short-term benefits, including an increase in soil N through livestock manure and urea, while terminating the cover crop.
Weed management
One of the biggest differences between Conservation Agriculture and tillage-based agriculture lies in weed growth dynamics and control.
Weed control is one of the major objectives of tillage and it does not require specific knowledge, because soil inversion controls most weeds mechanically by simply burying them. Stopping ploughing, on the other hand, requires other measures of weed control, including regular observation of the development of weed populations. This is particularly important during the transition period in the first 2-3 years, as the seed bank in the soil is well filled. To deplete the weed seed bank, it is crucial to avoid seed-set and requires an integrated approach:

■Biological/agronomical. Conservation Agriculture is based not only on not tilling the soil, but on a combination of carefully managed interventions:
•Crop rotation: the wider the rotation, the more efficient the weed control.
•Species selection: species that provide rapid and dense ground cover smother weeds. In particular, sufficient grasses should be included to produce a large quantity of slowly decomposing residues (e.g. cereal rye, sorghum, radish and high biomass legumes, such as hairy vetch). Weed suppression by the mat of rolled cover crop residue depends on the cover crop, the weed species and height, and the density (thickness) of the cover crop mat. Small weeds are not killed by rolling.
•Use of cover crops: cover crops can be used to suppress weed germination either physically or allelopathically (i.e. releasing compounds that inhibit weed seed germination and growth), favouring pre-emergence and growth of the main crop.
•Crop succession: the successive crops in the rotation should produce adequate biomass to shade out weeds and/or outcompete weeds by fast growth and dense canopy cover.
•Seeding: early seeding gives crops a better chance to compete with weeds; dense seeding provides a better ground cover, resulting in shading out and suppression of weeds. Although narrow spacing between the main crop rows can hinder establishment of a relayed cover crop, it reduces weeds.
•Residue management: a precondition for effective weed control is that the residue is evenly spread.
■Chemical (see Section 4.1 and Box 9). The decision whether to apply herbicides and the choice of herbicide depend on an evaluation of susceptibility: survey the weed spectrum and the stage of growth. If specialized guides for local (country or region) weeds are not already available, extension agents/facilitators in the Farmer Field School are encouraged to produce one for the most frequently occurring weeds, including recommendations for the specific conditions of the Farmer Field School farmers.
A weed guide should include:
■descriptions of the weeds;
■pictures of the seeds and of the seedlings at maturity;
■a list of all the officially registered herbicides available in the country;
■details of the weeds’ sensitivity to each herbicide (no action, sensitive, very sensitive); and
■explanations of the modalities and precautions for application.
Herbicide application requires many considerations:
■The ideal time for chemical spraying depends on the chemical product characteristics and on the field conditions – level of infestation, growing stage of weeds and weather conditions (wind, rain, temperature).
■As in no-till systems in semi-arid and arid areas, it is difficult to provide sufficient ground cover (because of low biomass production and livestock competition for crop residues); farmers tend to rely on chemical weed management. Weeds not properly controlled in the pre-seeding phase are very costly to eliminate at a later stage with selective herbicides. In the presence of heavy weed infestations, it may be advisable to wait for the first rains to allow the weeds to germinate and to control them with a non-selective herbicide (while they are still young and small) immediately before sowing.
■Under arid climatic conditions, non-selective herbicide application in pre-seeding may not always be recommended; on the other hand, waiting for sufficient weed growth would delay sowing the crop by several weeks and, therefore, selective and specific post-emergence herbicides are often the best option in dry climates in the absence of major weed problems.
■Secondary weed regrowth may require an additional application of selective herbicides.
■For specific weeds, it may be necessary to mix selective herbicides with the desiccant. Check the local weed control recommendations and a chart of compatibility for active ingredients and spreaders.
■For legumes, care must be taken to ensure that grassy species are efficiently controlled.
■For cereals, almost all herbicides need to be applied at the very early growth stage when the crop and weeds are at the 2-5-leaf stage.
■Spot application is recommended when problem weeds are concentrated in isolated patches, as is often the case with grasses and perennials. A knapsack sprayer is used and the operation – if correctly done – is quite effective and less costly than spraying the entire field with a tractor-mounted boom sprayer. It should be done before the overall desiccation, or later as a complement to eliminate misses.
Effective weed management includes retaining the weeds in the field for soil cover. With careful prevention of new weed seed production and targeted elimination of perennial (especially grassy) weed species, weed pressure will slowly decline.
5.3 No-till seeding
Timely seeding of crops is essential to grow more crops during the growing season. No-till seeding operations are carried out on desiccated vegetation (cover crops or weeds) or on rolled cover crops (Section 5.1). This reduces the time needed for soil preparation, allows early seeding and extends the growing period by up to 4 weeks per season (Figure 23).

Early seeding is particularly important in dry climates. At the beginning of the season, it is crucial to lose no time for seedbed preparation so that the entire cropping season can be used and precious and scarce rainwater is not lost. The summer crop can be planted directly (even on the same day) after the harvest of the winter crop, avoiding loss of soil moisture.
All systems:
■Seeding must be timely for both the main crop and the cover crop.
■Broadcast seeding is often the least successful seeding method and requires an increase in the seeding rate compared with other methods. Small-seed species (e.g. clover) tend to establish better by broadcasting compared with large-seed species.
■In dry climates seeds can be placed deeper (6-8 cm) in order to avoid germinated seeds wilting during dry spells.
■If residual nitrogen is low, additional N fertilizer should be considered for small-grain covers.
■Covers should be terminated 2-3 weeks ahead of the seeding date to prevent problems associated with allelopathy, pests and seeding operations.
Mechanized systems:
■Before the seeding operation begins, drills must be levelled along the seeding line so that both fertilizer and seed can be adjusted to the desired depths. Seed is usually placed at a depth of 3-6 cm, depending on the crop species. However, in cold climates and in the case of early sowing in dry conditions, deeper placement is recommended.
■In general, cover crops (particularly cereals) need to be terminated 2-3 weeks ahead of seeding to allow plant material to dry out and become brittle. The seeding equipment can cut through dry brittle cover crop residue more easily than through semi-dry cover crop residue, which is tough and hard to cut, and can end up being hair-pinned or dragged as implements cross the field.
■If the main crop is not sensitive to the allelopathic chemicals of the cover crop, seed the main crop directly into the live cover crop, then kill the cover crop.
■If hair-pinning occurs, suspend seeding. Hair-pinning of residue occurs when coulters push it into the soil rather than cutting through it, resulting in reduced seed-soil contact. It can occur on very wet soils, with tough residues, and with wet or wilted residues (even for residues that have been on the surface for weeks), especially if planting takes place in the morning when residues are still moist from precipitation or dew.
■In order to cut through thick amounts of residues, disc openers should be adopted. They must be operated at a reasonable speed (6 km/h); in hard or dry soils, the speed should be reduced. Discs must be checked for irregularities and sharpness to prevent clogging.
Irrigated permanent raised bed systems:
Conservation Agriculture is compatible with bed planting in irrigated permanent raised bed systems, and appropriate machinery can easily be developed. Crops can be sown on preformed permanent beds 60-90 cm wide by 15-30 cm high, with 1-3 defined planting rows per bed (Figure 24). The beds are permanent in the sense that they are retained for many seasons for successive crop rotations. The furrows (unplanted space) between the beds supply the irrigation water and drainage and the tracks for wheels of machinery.

Initial formation of beds requires tillage (Figure 25). Subsequently, no additional tillage is used except for during the periodical reshaping of the beds. This operation also serves as mechanical weed control in the furrow areas. During bed preparation and planting operations, the equipment handles more than one row at a time. It is therefore essential that tractor drivers learn to keep the furrows/beds in straight lines with absolutely equal spacing, and to stay within the established furrows.
Furrows should be kept clean from excess residues (to improve water flow and avoid clogging). Harrowing should be done approximately 1-2 weeks after planting the second crop on the beds, depending on the amount of crop residues left, which in turn varies according to the crop, yield and amount removed for fodder or other purposes. Fertilizer can be applied as needed – both banded and top-dressed – even after crop emergence.

For salinity management in irrigated arid climates, Conservation Agriculture on raised beds is beneficial for soil water and salt dynamics.
Flat top beds:
■Raised beds provide better opportunities to leach salts from the furrow. If the beds are wetted from both sides, water moves from the two furrows towards the centre of the bed, and the salts move with the water and accumulate in the upper centre of the bed:
•In single- and triple-row beds, care should be taken not to plant seeds in the centre of the bed.
•In double-row beds, seeds are planted near each shoulder of the raised bed, away from the area of greatest salt accumulation.
•In alternate rows, the salts accumulate near the non-irrigated shoulder of the raised bed. In this case, seeds should be off-centre, single-row planted on the shoulder of the bed closest to the watered furrow.
•Surface mulching decreases soil water evaporation, increases infiltration and reduces the upward movement of salts (to the root zone) through capillary rise in response to evaporation gradients.
Sloping beds (i.e. non-flat tops):
■Seeds are planted on the sloping side. The seed row is placed just above the height of the waterline.
■Irrigation should be continued until the wetting front has moved well past the seed row.
Permanent raised beds are equally accessible and beneficial (sustainable and profitable) to small- and large-scale farmers. Table 4 summarizes the main advantages of bed planting and furrow irrigation compared with tillage-based flooding irrigation systems.

5.4 Post-planting operations
After sowing, selective herbicides (the same as for conventional tillage) are recommended as appropriate. Local (country or regional) information should be sought.
Post-planting operations in the row must use the same number of rows as the seed drill and follow in its tracks – as for any other operation in mechanized systems.
5.5 Phytosanitary management
When the same crops are repeated on the same land each year, diseases, weeds and pests tend to decrease profit margins (Figure 26).
Some farmers use a bare fallow period after a period of crop production to help eliminate crop-damaging pests or diseases, allowing the land some “rest” in the belief that it will regenerate its original state of productivity. However, leaving a field unused, or bare, for even a few weeks makes it vulnerable to wind and water erosion, as well as to harmful weeds that deprive the soil of nutrients, thus negating any benefits of not seeding a crop. Fields left fallow have no energy source for the soil other than spontaneous weeds, which ensure a continued supply of weed seeds. Consequently, rather than recovering the soil food web, this practice further degrades the soil organic matter, potentially resulting in severe soil erosion and run-off, and nutrients leaching when the rains start after the dry season.
A fallow period should therefore be avoided. However, if farmers are reluctant to give up the practice, tillage should be replaced by heavy grazing in early autumn to reduce weeds.

It is important to diversify crop successions within the rotation:
■Rotate among grass, legume and broadleaf crops.
■Switch between crops that have different pests and diseases.
■After shallow-rooting crops, plant deep-rooting crops (to take up leftover nutrients).
Crop rotations induce changes in the composition of the soil biota (not only of diseases). They stimulate growth of highly diverse microflora and microfauna that are antagonistic to pathogens due to the effects of competition and antibiosis (biological control), contributing to the maintenance of soil health (prevention). Several fungal and bacterial species act as biological control agents of root pathogens and, in general, contribute to the maintenance of soil health. For example, fluorescent Pseudomonas strains can suppress soil-borne plant pathogens (such as pathogenic bacteria and Fusarium spp.).
The higher the number and the wider the diversity of crops and genera involved in a rotation, the greater the biodiversity and the better the potential for biological control of diseases, pests and weeds through cutting the build-up of inocula or populations. It should be noted that barley-alfalfa is an example of a common crop succession in one year, but barley-alfalfa followed by barley-alfalfa is not a rotation, it is a repetition of a crop succession.
The recurrence of the same crop in the same field is determined by the complete decomposition of its residues, that is when spores from necrothrophic parasites die because their food has disappeared.
Table 5 presents some examples of crops not best suited to cultivation in sequence for phytosanitary reasons. However, the specific choice of crops to grow in the rotation depends on the history of bad pest or disease problems in farmer fields. Crop sequences for Eastern Europe and Central Asia are further discussed in Annex 3.
Weeds
Certain cover crops can themselves become weeds if they have persistent seed. For this reason, it is advisable to avoid using the same cover crop species every year.

Weed incidence can be reduced by seeding the next crop immediately or as soon as possible after harvest instead of leaving the land bare. In this improved fallow system, the (cover) crop is used for “remediation” purposes and does not need to be harvested. Improved fallows – as opposed to bare fallows – are very simple systems that simultaneously help avoid soil erosion, replenish soil fertility and save labour for weed control (Section 6.2).
Pests
There may be differences between the pest species occurring in Conservation Agriculture and in tillage-based systems, but not in the size of their populations. Tillage and/or the presence of crop residues directly affect species that spend one or more stages of their life cycle in the soil. However, these Conservation Agriculture practices also favour their natural enemies, and it is therefore rare to experience pest or disease outbreaks related to Conservation Agriculture.
Pests that were never a problem in tillage-based systems may appear in the no-till system. In general, Conservation Agriculture systems are at greater risk from the following insect pests:
■Cutworm larvae find a suitable habitat in crop residues for overwintering. Cutworms damage seedling plants by cutting them below their growing point, resulting in stand loss.
■Grasshoppers (most species) overwinter as eggs buried in the soil of an uncultivated field. Grasshopper incidence varies widely from year to year and seems to be regulated primarily by the weather and natural enemies.
■Slugs (Deroceras spp.). benefit from crop residues, which provide a source of food and habitat. However, slug populations thrive in the simultaneous occurrence of warm temperatures and high humidity – not a characteristic of the region.
■Wireworms (Agrypnus variabilis) in cotton and false wireworms (Isopteron puctatissimus, Adelium brevicorne, Gonocephalum sp., Pterohelaeus sp. and Eleodes spp.) in rapeseed, wheat, sorghum and sunflower are stand-reducing insects affected by tillage. Adults are attracted to fields with crop residue to deposit their eggs. However, the same habitat favours their natural predators: carabid beetles.
On the other hand, pests that were a problem in tillage-based systems may disappear with no-till:
■Greenbug aphids (Schizaphis graminum) – pests of wheat – do not respond well to the light reflection from straw in no-till and prefer to move to tilled fields with no residue cover.
■Army cutworms (Euxoa auxiliaris) – pests of wheat – prefer to lay eggs in bare fields and therefore are harmful in tilled fields.
■Thrips (Thysanoptera) – pests of cotton – are deterred by the mere presence of accumulated biomass (e.g. from a cover crop such as vetch or rye).
■Hessian fly (Mayetiola destructor) populations carry over in wheat, barley and cereal rye stubble and tend to be more of a problem in areas where continuous wheat is grown. Therefore, it is important to use diversified and sufficiently wide crop rotations.
In general, it is useful to grow flowering plants in field margins to increase populations of natural enemies and to reduce pest populations in adjacent field crops. For example, phacelia and buckwheat attract syrphid flies, which feed on aphids.
Diseases
Crop residues reduce the incidence of several splash-dispersed pathogens, for example:
■Pyrenophora triticirepenetis and Puccinia sp. in cereals.
■Roselina sp. in soybean.
■Sclerotina sclerotiorum in soybean and rapeseed.
■Fusarium sp. and Helminthosporium sp. in maize.
However, if contaminated residues from previous crops are not removed and if crop rotations are not sufficiently long, diseases may transfer (via raindrops) from the partially decomposed residues to the new germinating crop. This should nevertheless not justify burying crop residues with the plough. Ploughing in the crop residues distributes the infestation more uniformly and exposes more roots of the successive crop to the pathogen. It is recommended to remove only the infested crop residues from the field and to practise crop rotation as a prevention measure.
5.6 Nutrient management
With regard to nutrient management, Conservation Agriculture systems share certain characteristics with tillage-based systems:
■Crop nutrient needs are the same.
■A balanced nutrient and pH status is necessary to achieve good productivity.
■If soil analyses identify low values of certain elements, corrective fertilization and/or liming must be carried out in order to achieve at least medium, and with time, high levels of nutrients in the soil.
The difference between the two systems lies in the type and timing of application of nutrients. This section discusses strategies for nutrient management in Conservation Agriculture. Section 6 discusses strategies for the adequate selection of cover crops to help maintain and improve soil nutrients.
Liming
The critical percent base saturationxii in Conservation Agriculture is 40. Below this level, lime must be applied to raise it. It is important to note that Conservation Agriculture reduces the lime demand by 35-50 percent compared with tillage; however, local recommendations for lime application often refer exclusively to tillage-based systems and are thus an overestimate of the demand in Conservation Agriculture.
If lime is needed to neutralize soil acidity, it should be applied before the transition to Conservation Agriculture and – if possible – several months (one rainy season) before seeding to ensure longer reaction time. One lime application of approximately 1 tonne/ha every 2-3 years may be sufficient to regulate the acidity. Care must be taken not to apply more than 0.5-1 tonnes/ha (depending on soil texture and cation exchange capacity), otherwise there can be an overreaction at the soil surface, raising pH to above 7 (when micronutrients, especially manganese, become less available), or risking cementation problems on silty sands.
Gypsum application
Gypsum is broadcast in small quantities in order to: correct calcium deficiencies by supplying soluble calcium; reduce aluminium toxicity; and correct sulphur deficiency throughout the root zone. It may be applied with lime.
Nitrogen nutrition
Plants take up nitrogen in the inorganic form, as ammonium (NH4+) and nitrate (NO3-); they then convert it into amino acids. The availability of nitrogen for crops depends on the amount of inorganic nitrogen present in the soil, provided it is not immobilized by soil microorganisms.
During the first few years of Conservation Agriculture, nitrogen is often found in organic form (immobilized) and thus is not readily available to plants. In the initial years (when the mineralization process is slow), it is advisable to apply nitrogen in mineral form.
In this respect, it should be noted that urea rapidly converts to the ammonium form – especially in the presence of crop residues that release urease (a catalytic enzyme of the process). Ammonium is retained in the soil by soil organic matter (which is negatively charged). However, in aerobic conditions, temperature-sensitive soil bacteria convert it to the nitrite form (nitrification). This process is followed by further oxidation of the nitrites to nitrates. Nitrates, which are negatively charged, tend to be lost: by leaching in moist conditions; and by denitrification as greenhouse gases (N2O and NO) in anaerobic and dry conditions. This is why it is recommended to always incorporate urea (to the side of the row of seeds) and not to top-dress it.
Over the years, increased biological activity will efficiently recycle plant nutrients and reduce the fertilizer requirement per unit of output.
In general, in Conservation Agriculture systems, nitrogen may not be readily available during the early part of the growing season. One reason for this is that crop residues left on the soil surface decompose more slowly than those incorporated in tillage-based systems because of the limited contact between the soil microbes and residues lying on the soil surface. This is true in the presence of both low and high C/N ratio residues. In addition, where larger quantities of crop residues with high C/N ratio remain in the field, some of the nitrogen is immobilized by the decomposition process. Therefore, in order to avoid lack of nitrogen for plant growth as a result of slow mineralization or immobilization processes:
■Allow time for organic matter to decompose before sowing, if appropriate.
■Apply N fertilizer at seeding. Always apply N fertilizer in bands to ensure more efficient use. In mechanized systems, direct drills place the fertilizer in a band underneath the seeds – a practice which also avoids seeds being damaged by the toxicity of the fertilizer.
Spring-seeded crops generally use soil nitrogen more efficiently than winter crops. Their requirement for nitrogen coincides with the normal period of soil nitrogen release, whereas winter crops require nitrogen in early spring (at vegetative regrowth) when the soil is still too cold to count on the microbial delivery of nitrogen.
Phosphorus nutrition
Phosphorus is usually highly immobile. In soil, the amount of total phosphorus actually available to crops is about 0.5-2.0 percent, and much of this variation depends on the soil fixation capacity (by aluminium, iron or calcium) and the level of SOM. Soils with a high clay content require increased P fertilization.
P fertilizer should be applied as a band near the seed row at seeding to help overcome problems of soil fixation capacity and phosphorus immobility. Phosphate should not be broadcast together with surface application of lime, since a surface pH close to 7 causes reduced phosphorus availability. Soils with pH values of 6-7.5 are ideal for phosphorus availability, while pH values of < 5.5 and 7.5-8.5 limit phosphorus availability to plants due to fixation.
Short-cycle crops have a higher phosphorus demand than long-cycle crops that have more time to extract it.
Potassium nutrition
The decomposition of crop residues at the soil surface slowly releases potassium in the surface soil layer, and crops develop superficial roots that absorb nutrients and mobilize them within the profile. However, this uptake can be affected by weather conditions. When surface soil layers become drier, root development in deeper portions of the soil profile increases. When this happens, the portion of the root system actively taking up nutrients can be below the zone of highest nutrient concentration and can inhibit root growth (and nutrient uptake) early in the season.
Banded K fertilizer should be applied below or to the side of the seed row at seeding to enhance early seedling growth.

Management measures should be oriented towards maintaining and improving soil productivity while capitalizing on soil moisture. Cover crops, together with no-till, offer great potential for achieving this objective.
For selection of the most suitable cover crop system, farmers need to follow the steps below:
■Step 1: Set goals for the farming system’s specific needs (see Section 6.1 for characteristics and potential of the various cover crops). In addition to improving the soil and controlling weeds, cover crops can provide many other benefits. However, cover crops are not do-it-all crops. Farmers need to establish priorities for the desired cover crop effects, including provision of nitrogen, addition of organic matter, improved soil structure, reduction of soil erosion, weed control and increased soil moisture.
■Step 2: Identify when the cover crop can be grown in the crop rotation (see Annexes 1 and 2). Field operations and labour needs for the production of the main crop take precedence over cover crop management: it is important to minimize potential conflicts. Once the opportunity for cover crop growth and termination is identified, species selection depends on the climatic and soil conditions during the growing window.
■Step 3: Select cover crop species (or mix) to meet the goals (Step 1) and requirements (Step 2). As Farmer Field School facilitators come close to selecting a particular cover crop system for trial, it essential to consult the farmers (see Section 6.2 for a decision-making tool for farmers and facilitators/extension agents) (Figure 27).
If seeds of a particular crop or variety cannot be found in the country, it is possible to order them from other countries (Box 10).


6.1 Cover crops characteristics
This section provides a definition of cover crops (see Box 11 at page 73) and discusses their selection and management in relation to achieving specific goals: soil fertility management, soil structure improvement, weed management and phytosanitary management. Each goal generates benefits that are important for the farmers in the region to successfully adopt Conservation Agriculture. Box A3.1 (Annex 3) outlines the crop sequences required for each goal.
Goal: soil fertility management
Most nutrient losses occur when there is no crop in the field. The soil is most exposed during two periods: from seeding until the crop has grown big enough to create a dense canopy; and after the harvest. The appropriate selection of cover crops can help replenish soil nutrients in two different ways:
■Scavenging cover crops recycle nutrients leached to the deeper soil layers and no longer available to crops. Selected cover crops should have an extensive root system that develops quickly after seeding and captures soil nutrients remaining after the harvest of the previous crop. Table A2.2 (Annex 2) provides examples of cover crops and their distinct nutrition needs.
•Nitrogen. The best cover crops to use for nitrogen (nitrate) conservation are non-legumes. They should be planted as early as possible to maximize nitrogen uptake and prevent leaching.
•Phosphorus. In general, legumes need phosphorus for nitrogen fixation, but are poor scavengers of phosphorus in the soil (taproot). However, as legumes acidify the soil, they tend to make phosphorus more available. Grassy species store and supply more phosphorus than legumes because they have a finer root system and more surface area. In mixed legume-grass systems, the legume cycles nitrogen to the grass and the grass cycles phosphorus to the legume.
•Calcium and potassium. Calcium and potassium have a tendency to travel in the soil solution, and can be brought up from deeper soil layers by any deep-rooted cover crop.

Root systems stabilize the soil and reduce nutrient losses. In addition, some cover crop roots increase plant-available macronutrients, as is the case for phosphorus. Phosphorus is only slightly soluble (i.e. plant-usable), therefore it does not generally leach, but may not be easily available for uptake by plants. Cover crops such as buckwheat and lupins secrete acids that turn phosphorus into a more soluble form. Furthermore, at the end of the crop cycle, decaying roots contribute about 30 percent additional biomass compared with the tops, and slowly release approximately 40 percent as much nitrogen as the tops.
■Cover crop roots intercept nutrients, which are then held within the plants and are only released back into the active organic matter when the cover crop dies and decomposes. To make the recycled nutrients available to the following crop, once the cover crop cycle is complete or once the cover crop has been terminated, residues should be left on the soil and not removed. As the dead cover crop residues decompose, nutrients are released slowly to the soil allowing the plants that follow to make use of them gradually. The amount of nutrients effectively available for uptake by the immediately following crop is mainly related to the following:
•The amount of nutrients captured, which in turn depends on the amount of nutrients available in the soil profile, and on biomass production and composition (species-specific). Box 13 includes an estimation of the quantity of nitrogen content in the biomass of some cover crops.
•The amount of nutrients released (see Box 13 at page 76), which in turn depends on the C/N ratio, and hence on the time of termination of the scavenging cover crop or mix (Box 8). Optimum termination time must balance the need to produce enough biomass with the need to keep the C/N ratio in the 20-30 range. Timely termination is especially important for grass cover crops.
It is important to note that when cover crops are used in soil fertility management, the main priority of the cover crops is not seed production.
In fact, cover crops are used in replacement (partial or total) of mineral fertilizer inputs, and often need to be terminated before seed deposition.
When selecting cover crop species and planning for their management, both short- and long-term effects on soil and crop nutrition should be accounted for (Figure 28).
In the case of crop residues with high C/N ratio, N fertilizer should be applied at seeding to avoid initial lag in availability of nitrogen to the main crop.
In this system, cover crops allow the soil to grow in two directions:
■At the surface, due to the deposition and slow decomposition of organic matter. Keeping nutrients in an organic form is the most efficient way to keep them cycling in the soil (especially important for phosphorus).
■At depth, due to the passage of roots and soil macroorganisms able to break compacted layers.

Soil improvement is a long-term process that may not be immediately noticeable to farmers. Although organic matter benefits accrue slowly over decades, taking action now to improve soils makes good business sense and will help maintain productivity and reduce risks and costs in the future (see Box 12 at page 75).
The goal of nitrogen nutrition requires particular attention. Where access to mineral fertilizers is difficult, it is possible to supply the necessary nitrogen through the use of legume cover crops. Legume plants are capable of adding nitrogen to the soil through symbiotic biological N2 fixation in the nodules formed by Rhizobium bacteria on their roots. The fixed nitrogen is almost immediately translocated into the stems and leaves of the growing legume (to form, for example, proteins or chlorophyll) and does not become available to the next crop until the legume decomposes.
It is important to note that in this system – for the purpose of nitrogen nutrition – the production and harvest of cover crop seeds is not the priority and is not always possible. In fact, to obtain maximum legume nitrogen, the legume cover crop should be killed in the early- to mid-blossom stage, and its residues returned to the soil. Subsequent crops can take advantage of this nitrogen.

It should also be noted that not all legume crops make the same percentage of fixed nitrogen available to the soil when the main crop needs it (see Box 13 at page 76). Therefore, in some cases, the use of fertilizer integration at the appropriate time of year (at exactly the time the crops are likely to run out of the nutrients supplied by cover crops) may still be advised to supplement soil nutrients.

When growing legumes, it is important to consider the following:
■Sufficient Rhizobium bacteria must be present in the soil to give good root nodule formation, and hence N2 fixation. If a legume has not been grown before, the proper inoculant should be added at seeding (see Box 14 at page 77).
■In the case of climbing legumes, standing stubble from the previous crop provides benefits: shelter (including from wind) to young seedlings; and physical support that helps increase plant height at harvest (thus reducing harvest losses).
■Hay production (in the case of complete removal of the above-ground parts) and bean production are not compatible with the use of legumes for fertilization purposes. Once the legume stops actively growing, it halts the N2-fixing symbiosis. In annual legumes, this occurs at flowering: no additional nitrogen gain occurs after that point, and a large portion of legume biomass nitrogen is transported into the seeds.

■Legume-grass (–broadleaf) cover crop mixes offer the following advantages:
•Better weed suppression than legumes in pure stands.
•Balancing of the C/N ratio over the crop rotation.
Mixtures can be an effective management tool to reduce leaching while improving the availability of nitrogen for the next crop. Nitrogen is mineralized more rapidly from mixtures than from pure grasses. For example, an autumn-seeded mixture can be adjusted to residual soil nitrogen levels. When nitrogen levels are high, a grass-dominated mixture is selected and when nitrogen levels are low, a legume-dominated mixture is chosen. Table 6 provides information on “multi-service” crop mixes and on their management.
Goal: soil structure improvement
Cover crops can help relieve problems of soil compaction and poor drainage thanks to their roots: active roots hold soil particles together, create channels and produce exudates that facilitate the binding of aggregates; decomposing roots stimulate biological activity and the formation of soil aggregates. Table 7 provides examples of structuring and decompacting crop mixes and their management. The role of rooting systems can be summarized as follows:


■Cover crops that produce fibrous, extensive root systems that hold soil together and manage to penetrate dense soils are important for soil structure improvement (e.g. grass species with extensive, fibrous root systems, such as oat, cereal rye and annual ryegrass).
■Plant species that produce large amounts of root biomass can help alleviate the effects of soil compaction (e.g. grass species, such as maize, sorghum and pearl millet).
■Deep-rooted plant species can help break through compacted layers in the soil and improve drainage in two ways:
•Roots create channels through which water can move as the root systems decompose after death.
•Decomposing roots add organic matter at depth, improving the soil structure and the water-holding capacity of the soil.
■Tap-rooted species penetrating subsoil layers create gateways for the roots of the succeeding crop, which can extract moisture from deeper depths than the same crop not following a deep-tap-rooted cover crop (e.g. species of the Brassica family with typically long and strong tap roots that can penetrate compacted soil layers).
■Cover crops that grow during the cold season are better suited to loosen hard layers in the soil, because roots can grow into those layers when they are softened by plentiful water (less likely in the summer).
Furthermore, cover crops (both living and not) can help maintain or improve soil structure thanks to their rainfall-buffering capacity and ability to protect from direct heat, thus avoiding soil erosion, compaction and crusting. Generally, soil protected by a superficial layer of organic matter improves the capture and use of rainfall through increased water absorption and infiltration and decreased evaporation from the soil surface. On poorly drained soils, living cover crops can help remove excess spring moisture. If the cover crop leaves behind too much residue, it should be moved out of the seed zone to dry out the soil while maintaining the benefits of mulch between the rows.
Finally, when cover crops die and decompose, soil aggregation is affected as follows:
■Crops with a low C/N ratio improve aggregate stability in the short term. Bacteria – that thrive on the residue – release large quantities of organic molecules (e.g. polysaccharides and other easily degradable organic substances) that act as glue and hold aggregates together. This effect lasts only as long as there is decomposable residue.
■Crops with a high C/N ratio improve aggregate stability more gradually. They have a slow release of polysaccharides, which improve soil structure more slowly but for a longer time than cover crops with a low C/N ratio.
It is important to note that in Conservation Agriculture, the main use of cover crops is not seed production. Cover crops are used in the replacement of mechanical soil tillage. However, soil structuring and seed production may be compatible.
Goal: weed and soil erosion management
Early crop establishment and a good dense crop stand help suppress the emergence of weeds and reduce the erosive forces of water and wind by means of their canopy, which intercepts rain and acts as a windbreak.To complement the contribution of residues produced by the main crop, the selected cover crops should have a high potential for biomass production.
Possible cover crops include:
■non-legumes (e.g. cereal rye, triticale, and buckwheat if a niche in the warm season is identified);
■high-biomass legumes (e.g. winter pea or hairy vetch, both of which would also provide nitrogen); and
■many of the species that are good nutrient scavengers.
It is key to choose species that rapidly cover the soil surface. Tables 8 and 9 show the soil cover during the vegetative period provided by different species of, respectively, warm- and cold-season cover crops.


Once flattened, or once the cover crop’s cycle has ended, the durability of the dead cover on the soil depends on the following factors:
■Quantity of biomass produced – different species of cover crops contribute different quantities of organic matter (Table 10).
■Speed at which the residue decomposes – which, in turn, depends on C/N composition (see Box 8 at page 54) and on microbial activity (see Box 3 at page 14).
■In order to keep the soil protected as long as possible without penalizing the nutrition of the subsequent crop, a combination of high above-ground biomass and moderate-to-high C/N ratio residues is desirable. The crop rotation would need to be devised to return crop residues with an average C/N ratio in the 25-30 range. A higher concentration of slowly decomposable crop residues alone will cause temporary soil nitrogen immobilization during the early stages of the decomposition process, whereas residues with a lower C/N ratio would improve nitrogen availability but would decompose too quickly to guarantee the necessary soil protection. This means that it may be beneficial to include a non-legume crop to provide structural carbohydrates that break down more slowly than legume residues alone. If the grass dominates the mixture and it is terminated late, the C/N ratio may be high and nitrogen can be tied up and not available to the following crop. To avoid this, nitrogen should be applied at seeding of the next crop. An example of high biomass (5 000-7 000 kg/ha of dry matter) producing legume-based cover crop mix: vetch + phacelia + niger; hairy vetch + triticale.

■Environmental conditions – temperature, humidity, soil oxygenation and pH all affect microbial activity.
Whenever possible, seeding of the subsequent crop should follow soon after the termination of the cover crop.
Goal: pest and disease management
In pest and disease management, as in weed control, prevention is key. Farmers should diversify the crop rotation, opting for longer crop rotations and ensuring the inclusion of crops that favour natural enemies of the pest connected to each crop currently grown. Certain cover crops are good hosts for populations of beneficial insects. Generalist predators feed on many species and act as important biological control agents. When pests are scarce/absent, these predators subsist on nectar, pollen and alternative preys hosted by cover crops.
Some cover crops host beneficial insects:
■Various vetches, clovers and certain cruciferous crops can support high densities of predators of thrips and aphids, such as insidious flower bugs (Orius insidiosus), bigeyed bugs (Geocoris spp.) and various ladybirds (Coleoptera coccinellidae).
■Some covers can enhance a resident parasitic nematodexiii population if grown in succession with (before or after) another crop that hosts a plant-damaging nematode species. Crop succession should not favour resident parasitic nematodes. If the nematode community contains diverse species, no single species will dominate. Once a nematode species is established in a field, it is usually impossible to eliminate it. If a nematode pest species is absent from the soil, seeding a susceptible cover crop will not give rise to a problem. In a sound crop rotation, specific cover crop species should be matched with the particular nematode pest species. Table A2.2 (Annex 2) provides a list of cover crops with documented nematicidal properties against at least one nematode species. For example, cereal rye and sorghum are known to suppress rootknot nematodes and soil-borne diseases.
Other plant species are sensitive to certain pests:
■Sunflower and colza attract slugs. In the first years after conversion to Conservation Agriculture – as long as slug predators have not installed in the fields – it is recommended to avoid growing sensitive crops. Phacelia should be grown as a cover crop and/or in hedgerows to favour carabid beetles, which feed on slugs.
■Many legumes are excellent hosts for nematodes, and too short rotations cause the rapid increase of soil nematode populations.
Certain crops suppress particular disease or pest organisms:
■In potato-based crop rotations, oat, white lupin and field pea help reduce Rhizoctonia solani stem lesions, and sorghum helps reduce Verticillium wilt.
■Brassica varieties release biotoxic metabolic by-products active against bacteria, fungi, insects, nematodes and weeds.
6.2 Fitting cover crops in the cropping system
Farmers and extension workers have to “adjust” the cover crop to fit into the already-existing cropping system, rather than adjust the farming system to fit some way of growing a cover crop. Acceptance/adoption of elements of innovation are more easily achieved when farmers are not required to make a major effort to adapt. When devising an agronomic solution, it is essential to take into account farmers’ culture and their reluctance to change. Farmers will often refuse to plant cover crops solely for agronomic reasons if the land can instead be planted with food/market crops. Cropping systems must ensure a balance of cash crops and soil-building cover crops.
When a new cover crop is introduced, the main crop must meet the following criteria:
■First, farmers know how to grow it.
■Second, either it is a cash crop, or it contributes to self-sufficiency in food production (Figure 29).
The cover crop is chosen based on one or more of the following criteria:
■It has a pivotal agronomic role (e.g. soil/crop nutrition, soil decompaction, soil buffering, weed/pest suppression).
■It is a low-cost production input.
■It provides food (diet diversification) or feed.
■It is a valuable output.
If the cover crop produces food, it can be grown like any other equally valued food crop. If the cover crop does not produce food, it must satisfy one or more of the following criteria:

■It is grown on land that has no opportunity costxiv for the purpose of rehabilitating it or producing additional biomass (e.g. jack bean, which withstands very poor soils and can be used to rehabilitate degraded lands)
■It can be grown as an improved fallow – if the soil is very poor when the fallow starts, farmers must use hardy species (e.g. jack bean and sunn hemp).
■It can be grown in succession after the harvest of the main crop:
•in short windows of warm weather (e.g. buckwheat – which is unsurpassed in the production of biomass to smother and suppress weeds – millet, sorghum and cowpea); or
•as a late autumn crop (e.g. cereal rye – which can be grown as a stand-alone crop or in mix with hairy vetch, and harvested in late spring).
Note that early seeding, whenever appropriate, is a strategy to extend the growing window. Some crops are more suited than others to early seeding. In general, winter annuals should be seeded at least six weeks before a killing frost (usually from late September to early October). For example, clovers need to be established in late summer, while wheat and cereal rye can be planted later, although that reduces their N scavenging; rapeseed, on the other hand, is suited to late autumn seeding.
■It can be grown together with another food or market crop with a compatible cycle:
•intercropped with the main crop and then left to grow after the main crop is harvested; or
•relayed into the main crop (shade-tolerant crops can be intercropped into the established crop and will then continue to grow after the harvest of the first crop).
In relay cropping, small grains requiring a relatively superficial seedbed can be broadcast into an established cereal crop. Examples of crops suited to broadcast seeding include clovers and alfalfa; both can be sown into cereal crops (e.g. winter wheat or cereal rye) in the spring. When direct seeding into an “aggressive” cereal (e.g. triticale or barley), apply the seed early – at the beginning of tillering.
The direct seeding of a legume crop into a forage grass stand (i.e. killing the forage just before seeding) may have negative outcomes: poor germination due to reduced seedbed soil moisture; “aggressiveness” of the cereal crop; or microbial nitrogen immobilization. For this reason, time should be allowed between seeding and forage termination.
Prior to seeding, it is important to reduce competition by grazing short, hay cutting/mowing short and/or applying herbicides. The grass regrowth should be well controlled by periodically grazing or mowing the grass crops to favour growth of the newly established seedlings. During the autumn, ensure that perennial weeds are killed.
When frost seeding into a forage grass stand, seed should be applied when the stand is not actively growing and while the soil has a tendency to freeze for several weeks: overnight frosts followed by daytime thaws result in the seed becoming buried at a shallow seeding depth. At vegetative regrowth, the stand should be grazed or mowed periodically to prevent the grass crop from crowding out the new seedlings. It is important to monitor grazing height to avoid damage to new seedlings and prevent overgrazing (i.e. grazing too short).
Decision-making tool for the identification of suitable cover-crop-based systems
This seven-step tool allows to assist in the selection of most appropriate options (economically viable and environmentally sustainable) to meet farmers’ needs. The cover crop systems recommended by the decision tool should be further adapted to the context-specific social, economic, environmental and climatic conditions.
Step 1. Identify farmers’ needs and priorities
Farmers should start by identifying the most important factors limiting the productivity and sustainability of their production system and deciding which goals they aim to achieve (Section 6.1).
As well as considering desirable characteristics, farmers should also be aware of characteristics they do not want. Trade-offs may need to be made between goals. To make a sound economic assessment of the alternatives, farmers should consider the cost and availability of seed and water, as well as the number and types of field operations required throughout the crop rotation for the various cropping systems. In particular, cover crop use must be balanced against the economy of irrigation to produce the residue or against the value of the residue: for example, on the one hand, the main crop may produce insufficient residue for soil cover, but on the other, establishing cover crops would compete for water needed by the subsequent main crop. Nevertheless, in a medium-term perspective, producers growing low-residue crops on soils subject to erosion may wish to introduce high-residue crops in the rotation (e.g. with minimum irrigation input).
Box 15 provides a checklist to help farmers assess appropriateness and feasibility for growing cover crops.

■If farmers do not include soil health among the three most important problems, and if they express little interest in working on soil health, go to Step 2. (Cover crops are not always the most appropriate solution for some farmers.)
■If farmers identify soil health as a major problem and show a strong interest in solving this problem, go to Step 4.
Step 2. Take into account the farmer’s interest
Farmers must be able to consider the possibility of not working in soil health.
■If the decision is not to work in soil health, go to Step 3.
■If the extension officer or trainer who is using this tool is convinced that soil health is a major problem in the area and success in tackling it is definitely possible, go to Step 4.
Step 3. Acknowledge the end
This is the end of the programme’s work in cover crops. In the future, something may change to make cover crops more attractive to farmers, but for now, cover crops will not be part of the cropping system.
Step 4. Verify the presence of a successful system nearby
It is important to identify any successful cover-crop-based system and to gauge farmers’ awareness and interest.
■If such a system exists, ask the following questions:
■Do smallholder farmers show an interest in the system?
■Are they already practising or adopting it?
■Are they adopting it in the absence of subsidies or of a programme promoting it?
If the answer is affirmative to most of these questions, go to Step 5.
■If such a system exists, establish the farmers’ level of interest:
•If farmers are aware of it, but they are not adopting it, interview them: Have farmers already attempted to use natural means of improving soil health? What methods did they adopt? Did any of them involve cover crops that fertilize/structure/decompact the soil? What do farmers feel about using plants to address agronomic issues? Do people use animal manure and if so, how much per hectare? Do they use compost, and if so, how much per hectare?
•If farmers are using it, interview them also. Take care to analyse the system’s economics and its pros and cons (both according to the farmers and according to your own analysis). If the costs of the system exceed the benefits, go to Step 6. If the benefits outweigh the costs, go to Step 5.
■If there is no such system, go to Step 7.
Step 5. Organize field trials
There should be three or four trials for each technology tested. Trials must be carried out in small uniform plots either separated from cropped fields or, for rapid feedback on how the cover crops fit into the current cropping system, right in the cropped fields.It is important to test different seeding dates (especially in the case of intercropping and relay cropping) under optimal soil and weather conditions. The trial crop must be treated with as much care as any other crop.
Precise records must be kept of the costs – including all labour costs – and benefits compared with the system currently adopted by farmers. It is important to ascertain whether the cropping system tested fits the available equipment and labour.
■If the experiments are successful, ensure that farmers of both sexes can see the results of the experiments and in particular note that:
•cover crops may well also be food crops;
•after the cover crop residues have been applied to the soil, main crops grow healthier and are more productive.
■If the experiments fail, go to Step 6.
Step 6. Identify potential cover crops
If the farmers still do not seem interested, it is essential to find out why.
■If the farmers’ objections are justified, go to Step 3.
■If farmers seem excited about the new possibility, if they want to learn more about the experiments, encourage them to test and experiment with the system on a small scale on a plot measuring between 10 m × 10 m and 25 m × 25 m.
•If farmers understand the potential of cover crop systems, yet are reluctant to adopt them, go to Step 2.
•If farmers would like to learn more about cover crop systems, collect the following information:
◆What are the dominant crops? Are other plants typically intercropped with these dominant crops?
◆Do farmers use crop rotation? What is the rotation, including the management and the seasons for each crop?
Feed this information into Table 11. In the first row, write the name of the main crops (those currently grown and those that farmers are willing to test). Refer to Table 5 (Section 5) and Annex 3 for suggestions on crop sequencing. Fill in all available information (i.e. water and length of growth) in the next rows, and colour the cells of the months in which the crops are going to occupy the field. Annex 1 provides reference characteristics for the most important field crops in the region.
◆What are farmers’ priorities and needs? For what cover crops is there a good market or potential market?

◆How will the cover crop be seeded? How will it be controlled/terminated?
◆Are the necessary equipment and labour available?
Identify a preliminary list of cover crops based on agronomic needs and commercial potential (see Annex 2) and feed this information into Table 12 (colour the cells of the months in which the crops are going to occupy the field).
◆Compare Table 11 and Table 12 to narrow down the choice of cover crops to those that fit in the available growing window and then go to Step 7.

Step 7. Select and test
■Put together a cropping system of potential interest (see Annex 3 for examples) and then go to Step 5.

Conservation Agriculture is knowledge intensive and represents a paradigm shift in farming. For this reason, the promotion process must be accompanied by a clear communication strategy.
7.1 A whole new system of production
Any effort to promote Conservation Agriculture should emphasize the importance of an intensive (in space) and diversified (in time) crop rotation in support of no-till. Changing the crop rotation implies – as a prerequisite – a change in the mentality of farmers. Farmers must begin to regard crops as functional agronomic inputs, as a (partial) replacement for chemical fertilizers and herbicides. This means that farmers need to become familiar with a whole new system of production. They need to change their mentality and acquire technological capabilities in line with the following recommendations:
■Prioritize the development of an effective system for handling crop residues. On-farm management must focus on learning how to transform crop residues from a nuisance into allies that will provide opportunities to reduce production risks, increase crop productivity and ensure agricultural sustainability.
■Custom design crop residue management systems for successful no-till production taking account of the following considerations:
•Chopped crop residues must be distributed uniformly to ensure that there is no interference with the seeding operation, the crop’s stand establishment and its uniformity of development.
•Standing crop residues are important to optimize water availability, which is a major limiting factor for crop production in the region. Snow trapped in standing stubble and retained in the soil profile as melt water for the following spring is a precious resource.
■Test on-site seeding dates for different crops in order to identify the optimum match for each agro-ecology and for each crop succession. Where appropriate, involve research institutes in the early stages of the promotion process in order to obtain this information, which is essential to provide clear and specific guidelines for farmers.
New market linkages must be established so that farmers can have access to different seed material and find a niche in the market to sell unconventional/niche crops. Sustainability is easier to achieve when fully integrated in the market and market driven. The extension service can play a determinant role in favouring linkages with national and international markets.
To increase the chances of farmers adopting the recommended practices, their priorities must be seriously considered. The involvement of passionate and committed leading pioneer farmers is crucial to ensure the participation of the majority of farmers in the community and to catalyze the promotion process. While some farmers may be open to change with a desire to test alternative agronomic management practices, many farmers are averse to risk and are reluctant to change; this must be taken into account when devising agronomic solutions. It is believed that the acceptance/adoption of innovative practices is more easily achieved when the adaptation effort by the end users (i.e. farmers) is not excessive. Therefore, a conservative approach should be adopted when devising improved cropping systems. The crop rotation scheme should be agreed on in a participatory manner between farmers and extension specialists, and it should not require farmers to adjust their farming system to manage to grow new crops or implement new practices.
A final consideration concerns the often limited general crop and land management capacity of many farmers in the region. Conservation Agriculture should be implemented along with other sound agronomic management practices (Table 13).
Farmer Field Schools are an example of knowledge extension approaches useful to favour the adoption of Conservation Agriculture.

7.2 Farmer Field School – an example of knowledge extension
Why
Farmer Field Schools are an adult education and training programme originally developed by FAO in response to the need to support farmers to better and sustainably manage their production systems.
What
Farmer Field School is a non-formal, learner-centred applied adult educational and training process. It comprises a group of 20-30 farmers who get together to study a particular topic over a full crop season. The whole learning process is field based and seeks to empower farmers to solve their field problems actively by fostering participation, interaction and joint decision making.
Farmers learn how to organize themselves and their communities by carrying out various activities related to a selected farming technology and constantly observing the technology performance in the field. In most cases, communities provide a study site with a sheltered area where farmers have follow-up discussions on the specific practices that have been experimented and monitored, comparing their experiences.
The Farmer Field School curriculum follows the natural cycle (seed to seed) of the crop or technology selected. Regular meetings – weekly (most annual crops and livestock), biweekly (some long-term crops) or monthly (most perennial crops) – are held, timed to compromise between learning cycles based on crop management timing and farmer schedules.
See Box 16 for further details of the Farmer Field School adult learning process.
How
Training of trainers is a cost-effective way to introduce new approaches requiring new skills to trainers, facilitators and institutions. It leads to a common vision and common methodology for moving into new areas of extension and education while promoting exploration, discovery and adaptation in local ecological, social, economic and historical contexts. The vision inherent in Farmer Field School is that trainers work alongside farmers as advisors and facilitators, encouraging independence, analysis and organization.
The facilitator is a technically competent person who leads group members through hands-on exercises and may be an extension agent or an Farmer Field School graduate. In any case, facilitators are not teachers: they offer guidance where necessary, and once farmers are clear on which strategies to adopt the extension worker takes a back seat.


Bibliography
Agro story. 2018. Agro story [online]. [Cited 21 March 2018]. https://agrostory.com/info-centre/knowledge-lab/mikoriza-simbioz-kulturnykh-rasteniy-i-gribov/
Altieri, M.A., Nicholls, C.I. & Fritz, M.A. 2014. Manage insects on your farm – a guide to ecological strategies. Handbook series, Book 7.
Amossé, C., Celette, F., Jeuffroy, M.-H. & David C. 2013. Association relais blé / légumineuse fourragère en sytème céréalier biologique: une réponse pour le contrôle des adventices et la nutrition azotée des cultures. Innovations Agronomiques, 32: 21-33.
Chambre d’Agriculture de la Marne. 2011. Terres d’Avenir. Des intercultures à utilisation fourragere.
Derpsch, R. & Florentín, M. 1992. La mucuna y otras plantas de abono verde para pequeñas propiedades. Asunción, Paraguay, MAG, Miscelánea, No. 22. 44 pp.
Eck, K.J., Brown, D.E. & Brown, A.B. Managing crop residue with farm machinery. Purdue University Cooperative Extension Service.
FAO. 1995. Glossary of phytosanitary terms. http://www.fao.org/docrep/w3587e/w3587e01.htm
Florentín, M. 1999: Uso de abonos verdes en los sistemas de producción de los pequeños productores de San Pedro, Paraguay. In L. Viedma, Coord. curso de siembra directa, pp. 44-57. MAG/DIA, PROCISUR, GTZ. Encarnación, Paraguay.
Friedrich, T., Derpsch, R. & Kassam, A. 2012. Overview of the global spread of Conservation Agriculture. Field Actions Science Reports, Special Issue 6. http://factsreports.revues.org/1941
Haddad, N., Piggin, C., Haddad, A. & Khalil, Y. 2013. Conservation Agriculture in West Asia. In R.A. Jat, K.L. Sahrawat & A. Kassam, eds. Conservation Agriculture: global prospects and challenges, pp. 248-262. Wallingford, UK, CAB International.
Henry, D.C., Mullen, R.W., Dygert, C.E., Diedrick, K.A. & Sundermeier, A. 2010. Nitrogen contribution from red clover for corn following wheat in Western Ohio. Agronomy Journal, 102: 210-215.
Hesterman, O.B., Griffin, T.S., Williams, P.T., Harris, G.H. & Christenson, D.R. 1992. Forage legume-small grain intercrops: nitrogen production and response of subsequent corn. Journal of Production Agriculture, 5: 340-348.
Hiltbrunner, J., Liedgens, M., Bloch, L., Stamp, P. & Streit, B. 2007. Legume cover crops as living mulches for winter wheat: components of biomass and the control of weeds. European Journal of Agronomy, 26: 2129.
Høgh-Jensen, H. & Schjoerring, J.K. 2001. Rhizodeposition of nitrogen by red clover, white clover and ryegrass leys. Soil Biology and Biochemistry, 33: 439-448.
Kruidhof, H.M., Bastiaans, L. & Kropff, M.J. 2008. Ecological weed management by cover cropping: effects on weed growth in autumn and weed establishment in spring. Weed Research, 48: 492-502.
Loss, S., Haddad, A., Khalil, Y., Alrijabo, A., Feindel, D. & Piggin, C. 2014. Evolution and adoption of Conservation Agriculture in the Middle East. In M. Farooq & K.H.M. Siddique, eds. Conservation Agriculture. Springer Science.
Loss, S., Haddad, A., Desbiolles, J., Cicek, H., Khalil, Y. & Piggin, C. 2015. The practical implementation of Conservation Agriculture in the Middle East. International Center for Agricultural Research in the Dry Areas (ICARDA), Australian Centre for International Agricultural Research (ACIAR).
Mary, B., Beaudoin, N., Justes, E. & Machet, J.M. 1999. Calculation of nitrogen mineralization and leaching in fallow soil using a simple dynamic model. European Journal of Soil Science, 50: 549-566.
Mazzoncini, M., Bàrberi, P., Cerrai, D., Rinaudo, V. & Belloni, P. 2004. Effects of green manure on soil nitrogen availability and crop productivity in a Mediterranean organic farming system. In N. Wöhrle & M. Scheurer, eds. Eurosoil 2004, p. 9. Freiburg, Germany.
Mirsky, S.B., Gallandt, E.R., Mortensen, D.A., Curran, W.S. & Shumway, D.L. 2010. Reducing the germinable weed seedbank with soil disturbance and cover crops. Weed Research, 50: 341-352.
Mutch, D.R., Martin, T.E. & Kosola, K.R. 2003. Red clover (Trifoliumpratense) suppression of common ragweed (Ambrosia artemisiifolia) in winter wheat (Triticumaestivum). Weed Technology, 17: 181-185.
Nurbekov, A., Kassam, A., Sydyk, D., Ziyadullaev, Z., Jumshudov, I., Muminjanov, H., Feindel, D. & Turok, J. 2016. Practice of Conservation Agriculture in Azerbaijan, Kazakhstan and Uzbekistan. Ankara, FAO. (also available at http://www.fao.org/3/a-i5694e.pdf).
Olesen, J.E., Askegaard, M. & Rasmussen, I.A. 2009. Winter cereal yields as affected by animal manure and green manure in organic arable farming. European Journal of Agronomy, 30: 119-128.
Pasechnik, V.V. 2014. Biology: bacteria, fungi, plants. Drofa. 150 pp. (in Russian: В.В. Пасечник, Биология: Бактерии. Грибы. Растения. Дрофа. 150 с.)
Robson, M.C., Fowler, S.M., Lampkin, N.H., Leifert, C., Leitch, M., Robinson, D., Watson, C.A. & Litterick, A.M. 2002. The agronomic and economic potential of break crops for ley/arable rotations in temperate organic agriculture. Advances in Agronomy, 77: 369-427.
Seguy, L., Husson, O., Charpentier, H., Bouzinac, S., Michellon, R., Chabanne, A., Boulakia, S. et al. Princípios, funcionamento e gestão de ecossistemas cultivados em plantio direto sobre cobertura vegetal permanente. International Cooperation Centre of Agricultural Research for Development (CIRAD), Groupement Semis Direct de Madagascar (GSDM), TAFA1.
Sheaffer, C.C. & Seguin, P. 2003. Forage legumes for sustainable cropping systems. Journal of Crop Production, 8: 187-216.
Shili-Touzi, I., De Tourdonnet, S., Launay, M. & Dore, T. 2010. Does intercropping winter wheat (Triticumaestivum) with red fescue (Festucarubra) as a cover crop improve agronomic and environmental performance? A modeling approach. Field Crops Research, 116: 218-229.
Stinner, B.R. & House, G.J. 1990. Arthropods and other invertebrates in conservation-tillage agriculture. Annual Review of Entomology, 35: 299-318.
Teasdale, J.R., Brandsæter, L.O., Calegari, A. & SkoraNeto, F. 2007. Cover crops and weed management. In M.K. Upadhyaya & R.E. Blackshaw, eds. Non-chemical weed management: principles, concepts and technology, pp. 49-64. Wallingford, UK, CAB International.
Thiessen Martens, J.R., Hoeppner, J.W. & Entz, M.H. 2001. Legume cover crops with winter cereals in Southern Manitoba: establishment, productivity, and microclimate effects. Agronomy Journal, 93: 1086-1096
Turner, R.J., Davies, G., Moore, H., Grundy, A.C. & Mead, A. 2007. Organic weed management: a review of the current UK farmer perspective. Crop Protection, 26, 377-382.
Unkovich, M., Herridge, D., Peoples, M., Cadisch, G., Boddey, R., Giller, K., Alves, B. & Chalk, P. 2008. Measuring plant-associated nitrogen fixation in agricultural systems. Canberra, ACIAR.
Verhulst, N., François, I. & Govaerts, B. 2012. Conservation Agriculture, improving soil quality for sustainable production systems? CIMMYT.
Vyn, T.J., Faber, J.G., Janovicek, K.J. & Beauchamp, E.G. 2000. Cover crop effects on nitrogen availability to corn following wheat. Agronomy Journal, 92, 915-924.
Wei, D., Liping, C., Zhijun, M., Guangwei, W. & Ruirui, Z. 2010. Review of non-chemical weed management for green agriculture. International Journal of Agricultural and Biological Engineering, 3: 52-60.
Glossary


Annex 1. Characteristics of the main field crops in Eastern Europe and Central Asia
Limited water availability and a short growing season are the major regional limitations to crop production. Because of the arid climate, crop production relies heavily on irrigation. Due to lack of seeds of pulses and oilseed crops, farmers widely practise cereal monocropping. However, cereal yields are typically low, mostly because of the low yield potential of the varieties grown and the poor production practices.
Major irrigated crops: cotton, cereals (mainly wheat) and fodder crops (e.g. alfalfa).
Main rainfed crops: cereals (wheat, barley, cereal rye), grain and fodder legumes (pea, chickpea, lentil, beans, vetch), and oilseed crops.
Table A1.1 summarizes the characteristics of most important field crops.

Annex 2. Characteristics of cover crops suitable for Eastern Europe and Central Asia
Table A2.1 provides a synoptic description of the main potentially suitable cover crops in the region. Table A2.2 presents the major cover crops grouped according to their specific features.









Annex 3. Cover-crop-based successions and rotations suitable for Eastern Europe and Central Asia
Warm season cover crops are grown approximately from May to early September. As with any other crop, moisture is needed to establish a cover crop. Soil moisture availability and use is especially critical from June to August.
As a crop intensification strategy, summer annuals suitable for double cropping need to be quick-growing (e.g. buckwheat, millet, sorghum and cowpea). These can be grown in succession with early planted crops.
Gaps in the cold season occur after harvesting a major summer crop. To extend the window when these gaps are too short, cover crops can be relayed in the main crop.
Relay cropping is especially useful for cover crops that are killed by cold: before they are winter killed, cover crops need to have produced sufficient biomass and root mass to protect and hold the soil in place until the following spring. This residue makes for excellent mulch that it is easy to plant into in the spring.
If the cover crop does not naturally winter kill, it will remain alive through winter and resume growth in spring. In this case, farmers should have a method for controlling (but not necessarily killing) the crop before it competes with the next main crop.
Considerations on crop sequences for different purposes/goals are presented in Box A3.1. Some examples of suitable crop successions and rotations are provided in Table A3.1 and Table A3.2, respectively.
Annex 4. FAO Environmental and Social Management Guidelines – Environment and Social Standard 5 (E&SS5): Pest and Pesticide Management
Introduction
1.E&SS5 defines pesticides as any substance, or mixture of substances of chemical or biological ingredients intended for repelling, destroying or controlling any pest1, or regulating plant growth.
2.E&SS5 recognizes that pesticides can contribute to effective crop and food protection during production and in storage. Pesticides are also used in forestry, livestock production and aquaculture to control pests and diseases. At the same time, pesticides are designed to be toxic to living organisms, are intentionally dispersed in the environment and are applied to food crops.
3.It recognizes that exposure to pesticides poses risks to the people who use them, to others nearby, to consumers of food and to the environment. Risks are often elevated by overuse or misuse. Many countries also lack effective regulatory control thereby compounding problems.
4.E&SS5 follows the guidance on the life-cycle management of pesticides as provided by the International Code of Conduct on Pesticide Management2 and its supporting technical guidelines, which are drawn up by an FAO/WHO expert panel and expand on specific articles.
Objectives
The primary objective is to promote sustainable agriculture through integrated pest management (IPM), reducing reliance on pesticides and avoiding adverse impacts from pesticide use on the health and safety of farming communities, consumers and the environment during and after the project life cycle. Pesticides can be part of that, provided their use is managed carefully.
Scope of application
5.The applicability of E&SS5 is determined during environment and social screening and applies to any FAO-supported activity that provides or facilitates the use or disposal of pesticides in any quantities.
6.Include the application of subsidies, voucher schemes or incentives for the provision of pesticides as well as direct provision of pesticides, and the indirect provision as treatments on seeds and other planting materials.
7.E&SS5 applies to FAO activities that in an indirect manner may increase pesticide use, such as establishment of irrigation schemes and crop intensification. E&SS5 should also be triggered by any activities that require pesticides to be used or handled in projects, even if the pesticides were not supplied through the project.
Requirements:
General
8.FAO promotes IPM as a pillar of sustainable agriculture. IPM means the careful consideration of all available pest control techniques and subsequent integration of appropriate measures that discourage the development of pest populations and keep pesticides and other interventions to levels that are economically justified and reduce or minimize risks to human and animal health and/or the environment.IPM emphasizes the growth of a healthy crop with the least possible disruption to agro-ecosystems and encourages natural pest control mechanisms.
Pest Management Plan
9.If provision or use of large volumes of pesticides is foreseen, a Pest Management Plan (PMP) needs to be prepared to demonstrate how IPM will be promoted to reduce reliance on pesticides, and what measures are taken to minimize risks of pesticide use. Such a PMP needs to be an integral part of the Environment and Social Commitment Plan.
Selection of pesticides
10.If after considering available IPM approaches, pesticide use is deemed to be justified, careful and informed consideration should be given to the selection of pesticide products. Factors to be taken into account include hazards and risks to users, selectiveness and risks to non-target species, persistence in the environment, efficacy and likelihood of development or presence of resistance by the target organism. Minimum environment and social analysis is needed.
11.FAO does not maintain a list of permitted or non-permitted pesticides because many locally specific conditions govern which pesticides may be used. However, in line with the provisions of the FAO/WHO International Code of Conduct on Pesticide Management and relevant multilateral environmental agreements that include pesticides, the following list of criteria will need to be met in order for a pesticide to be considered for use in an FAO project:
a.The product should be registered in the country of use, or specifically permitted by the relevant national authority if no registration exists. Use of any pesticide should comply with all the registration requirements including the crop and pest combination for which it is intended.
b.Users should be able to manage the product within margins of acceptable risk. FAO will not supply pesticides that meet the criteria that define highly hazardous pesticides (HHPs).3 Pesticides that fall in WHO Hazard Class 2 or GHS Acute Toxicity Category 3 can only be provided if less hazardous alternatives are not available and it can be demonstrated that users adhere to the necessary precautionary measures.4
c.Preference should be given to products that are less hazardous, more selective and less persistent, and to application methods that are less hazardous, better targeted and requiring less pesticides.
d.Any international procurement of pesticides must abide with the provisions of the Rotterdam Convention on the Prior Informed Consent (PIC) Procedure for Certain Hazardous Chemicals and Pesticides in International Trade.5
Supply of pesticides by FAO
12.FAO applies the following requirements to all pesticides that are being supplied directly by FAO and to pesticides supplied by others within the framework of FAO projects:
a.Proceeded by a thorough risk assessment, which should lead to adequate measures to reduce health and environmental risks to acceptable levels.
b.Quantities provided should be based on an accurate assessment of actual needs. Pesticides should not be provided as fixed components of input packages of projects, credit schemes or emergency assistance.
c.Pesticides should be packaged and labelled in accordance with FAO standards. Labels should be in the national language. The remaining shelf-life should be sufficient to permit use of all pesticides before the expiry date and within the scope of the project (i.e. no expired pesticides remain unused after the project).
d.Appropriate application equipment6 and personal protective equipment offering adequate protection from the specific pesticides must be used. If available, it needs to be provided by the project.
e.Users of the pesticides must have been trained to ensure they are capable of handling the supplied pesticides in a proper and responsible manner.
f.Proper storage of pesticides in accordance with FAO guidelines should be ensured for all supplies.
g.Empty pesticide containers should be triple rinsed, punctured and disposed of in an environmentally sound manner in compliance with FAO guidance.7
13.If pesticides are to be purchased for seed treatment (seed storage chemical or seed treatment), the following additional conditions must be met:
a.The treatment of seeds must be done in an appropriately equipped facility that ensures full containment of the pesticides.
b.Users of seed treatment equipment should be provided with suitable application equipment and instructed on calibration, use and cleaning of the equipment.
c.Treated seeds must be dyed using an unusual and unpalatable colour to discourage consumption.
d.All packages containing treated seeds must be clearly marked “Not for human or animal consumption” and with the skull and crossbones symbol for poison.
e.Those handling treated seeds during distribution or use in the field should be informed that the seeds are treated with pesticides which can have toxic effects on their health, the health of others and on the environment. They should be instructed to wear gloves, dust masks and clothes that fully cover their body. Gloves and dust masks must be provided if these are not available.
f.Packaging from treated seeds should not be reused for any purpose.
Disposal
14.Projects dealing with the disposal8 of obsolete pesticides, pesticide-contaminated soil and materials should follow the guidance in the FAO Environmental Management Toolkit for obsolete pesticides.
15.Such disposal projects reduce risk by eliminating hazardous waste problems, but also create risk through the handling and movement of hazardous waste. Suitable risk evaluation, management and mitigation measures provided by the Toolkit must be applied in all such activities.
Responsibility
16.Whenever pesticides are provided by FAO, it should be established in advance which institution, and which person(s) within that institution, will be responsible and liable for the proper storage, transport, distribution and use of the products concerned in compliance with the requirements of E&SS5.
17.Procurement of pesticides by FAO is subject to an internal clearance procedure as provided by the ESS Manual. The same applies to the contents of Pest Management Plans.
__________________________
1 A pest is defined as any species, strain or biotype of plant, animal or pathogenic agent injurious to plants and plant products, materials or environments and includes vectors of parasites or pathogens of human and animal disease and animals causing a public health nuisance.
2 The International Code of Conduct on Pesticide Management. FAO/WHO, 2014. http://www.fao.org/fileadmin/templates/agphome/documents/Pests_Pesticides/Code/CODE_2014Sep_ENG.pdf
3 The criteria for HHPs are listed by WHO and FAO as follows:
• Pesticide formulations that meet the criteria of <b>classes Ia or Ib of the WHO Recommended Classification of Pesticides by Hazard (www.who.int/ipcs/publications/pesticides_hazard/en/index.html);\;or
• Pesticide active ingredients and their formulations that meet the criteria of carcinogenicity Categories 1A and 1B of the Globally Harmonized System on Classification and Labelling of Chemicals (GHS); or
• Pesticide active ingredients and their formulations that meet the criteria of mutagenicity Categories 1A and 1B of the Globally Harmonized System on Classification and Labelling of Chemicals (GHS); or
• Pesticide active ingredients and their formulations that meet the criteria of reproductive toxicity Categories 1A and 1B of the Globally Harmonized System on Classification and Labelling of Chemicals (GHS); or
• Pesticide active ingredients listed by the Stockholm Convention (www.chm.pops.int) in its Annexes A and B, and those meeting all the criteria in paragraph 1 of Annex D of the Convention; or
• Pesticide active ingredients and formulations listed by the Rotterdam Convention (www.pic.int) in its Annex III; or
• Pesticides listed under the Montreal Protocol (www.ozone.unep.org/Ratification_status/montreal_protocol.shtml); or
• Pesticide active ingredients and formulations that have shown a high incidence of severe or irreversible adverse effects on human health or the environment.
4 The hazard classification concerns the formulated product. Formulations with a low concentration of active ingredient are less hazardous than formulations with a high concentration of the same active ingredient. The WHO Recommended Classification of Pesticides by Hazard and Guidelines to Classification (http://www.who.int/ipcs/publications/pesticides_hazard/en/) classifies technical products based on acute oral and dermal toxicity. It includes a conversion table that allows determination of the hazard class for the pesticide formulation under consideration. Towards 2008, this list will be replaced by the Globally Harmonized System of Classification and Labelling of Chemicals (GHS), which in addition to acute toxicity also takes into consideration chronic health risks and environmental risks (http://www.unece.org/trans/danger/publi/ghs/ghs_welcome_e.html). The term "pesticide formulation" means the combination of various ingredients designed to render the product useful and effective for the purpose claimed; the form of pesticide as purchased by users. The term "active ingredient" means the biologically active part of the pesticide.
5 http://www.pic.int/Implementation/Pesticides
6 http://www.fao.org/agriculture/crops/thematic-sitemap/theme/pests/code/list-guide-new/en/
7 Guidelines on management options for empty pesticide containers. FAO/WHO, 2008. http://www.fao.org/agriculture/crops/core-themes/theme/pests/pm/code/list-guide/en/]
8 http://www.fao.org/agriculture/crops/obsolete-pesticides/resources0/en/