1 Introduction

This Final Report details the findings of a project carried out on behalf of the European Commission - DG Environment entitled:

Assessment of Action Programmes Established by Member States under Directive 91/676/EEC

1.1 Objective and Scope

The main objective is to assess the Action Programmes (AP) in place in the Member States in relation to their content and application, as detailed in Annex II and Annex III of Directive 91/676/EEC.  All Member States have been taken into consideration.  However when, in a particular Member State, more than one Action Programme is in place (i.e. regional/departmental action programmes), a maximum of 5 Action Programmes have been selected for assessment. 

The assessment of the action programmes (AP) has been carried out according to pedo-climatic zones, which have been defined as follows:

1. Central European: Austria, Germany, Luxembourg and Central-eastern France

2. Atlantic: Belgium, The Netherlands, Denmark, Western France, Ireland and  UK

3. Mediterranean: Southern France, Greece, Italy, Spain and Portugal

4. Boreal: Finland, Sweden

The assessment of the action programmes focuses on N leaching risks (and prevention) and draws particular attention on the following specific issues:

· Schedules for crop rotation and fertilisation;

· buffer zones;

· storage capacity for livestock manure;

· fertilisation (maximum fertilisation per crop type and differentiation/ splitting of fertilisers, fertilisation plans (including soil analysis));

· consideration of soil characteristics (condition, type and slopes);

· winter cover

· irrigation

The assessment of the Action programmes has enabled to identify a series of good and bad examples in the different pedo-climatic regions.  These form the basis of the discussion in the final chapter where  “basic EU principles” are outlined and discussed.

1.2 Annex III of the Nitrates Directive (91/676/EEC)

1.2.1 Introduction

Article 5 of Directive 91/676/EEC requires Member States to establish action programmes in respect of designated vulnerable zones.  These action programmes can relate to all vulnerable zones within the Member State territory (eg. the UK) or an individual action programme can be established for each vulnerable zones (eg. France, Portugal).

The measures to be included in the action programmes are those defined in Annex III of the Nitrate Directive and those prescribed in the Code of Good Agricultural Practice (Article 4 and Annex IIa and Annex IIb of the Directive - except where they are superseded by the measures of Annex III).

The measures, which are listed in Section 1.2.2, are aiming at reducing the risk of nitrate leaching from agricultural practices and are based upon a few central issues which are listed in Section 1.1 of the report.

1.2.2 Measures included in Annex III of Directive 91/676/EEC

The measures to be included in the Action programme are:

1.1  periods when the land application of certain types of fertiliser is prohibited;

1.2  the capacity of storage vessels for livestock manure;

1.3  limitation of the land application of fertilisers taking into account the characteristics of the NVZ concerned, in particular a)  soil conditions, soil type and slope, b)  climatic conditions, rainfall and irrigation and c)  land use and agricultural practices, including crop rotation systems.  These are to be based on a balance between: 

(i)    the foreseeable nitrogen (N) requirements of the crops, and

(ii) 
the N supply to the crops from the soil and from fertilisation corresponding to:

· the amount of N present in the soil at the moment when the crop starts to        use it to a significant degree (outstanding amounts at the end of winter)

· the supply of N through the net mineralisation of the reserves of organic N in the soil

· additions of N compounds from livestock manure

· additions of N compounds from chemical and other fertilisers.

2. These measures will ensure that, for each farm or livestock unit, the amount of livestock manure applied to the land each year, including by the animals themselves, shall not exceed 170 kg N per hectare (after 20.12.2002). However:

(a)  for the first four year AP Member States may allow an amount of manure containing up to 210 kg N; 

(b)  during and after the first four-year AP, Member States may fix different amounts from the referred to above 

Member States may calculate the amounts referred to in paragraph 2 on the basis of animal numbers.
1.2.3 Measures included in Annex II.A of Directive 91/676/EEC

A Code of Good Agricultural Practice should contain at least certain provisions covering the following items:

1. periods when the land application of fertiliser is inappropriate;

2. the land application of fertilisers to steeply sloping ground;

3. the land application of fertilisers to water-saturated, flooded, frozen or snow-covered ground;

4. the condition for land application of fertilisers near water courses;

5. the capacity and construction of storage vessels for livestock manure;

6. procedures for the land application of both chemical fertilisers and livestock manure.

Complementary measures are listed in Annex II.b of the Directive and include issues such as soil winter cover which are very important and should be taken into consideration.
1.3 Methodology

As mentioned above, the basis of the assessments are the action programmes established by the Member States.  The methodology for assessing these action programmes has been divided into three steps:

1. Checking the inclusion of measures.

The first step of the assessment has been to check that all compulsory measures, as required by Article 5 of the Nitrates Directive, were included in the APs.  All official APs were screened for the measures referred to in Art. 5(4)  and defined in Annex III and Annex II.A of the Directive.  In addition, and where relevant, account has been taken of additional measures as referred to in Art. 5(5) of the Directive.

2. The assessment

The second step has been to assess whether the measures included in the APs are appropriate from an agricultural point of view for the pedoclimatic zone that the AP has been designed for. Special attention has been given to the ways in which measures take into account local conditions and problems. The main issues of interest are those listed in section 1.1.

3. Comparing measures.

The third step has been to pull out the similarities and differences in the measures between the APs.  Focus has been placed on (where appropriate):

· schedules for crop rotation and fertilisation;

· storage capacities;

· maximum fertilisation per crop type;

· consideration of soil characteristics (including slopes and soil conditions);

· buffer strips.

4. Basic EU principles of good practice

The main findings of the assessment are summarised in the last chapter of this report and have been used as the basis of our discussion of “basic EU principles”.
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Structure of the report

The detailed assessments carried out for each Member State have been included in the Annexes to this report(per pedo-climatic zone). It has been noticed that, while most assessments have been carried out in English, some are presented in French.  The summary and comparison of the assessments for all Member States (per pedo-climatric zones) are presented (in English) in the main body of this report (Chapter 4).

The report is structured as follows:

Chapter 2
Pedo-Climatic Zones and the Concepts of ‘Nitrate Pollution Risk’ 

Chapter 3
Agronomic Concepts

Chapter 4
Summary and comparison of the Assessments for the Pedo-climatic Zones

Annex A
The Central European Zone

Annex B
The Atlantic Zone

Annex C
The Mediterranean Zone

Annex D
The Boreal Zone

2 Pedo-Climatic Zones and The Concepts of ‘Nitrate Pollution Risk’ 

2.1 The Pedo-climatic zones

2.1.1 Introduction

According to Martyn (1992), Europe lies across three main climatic zones:

1. the circumpolar zone - the northern tip of Scandinavia, the Svalbard archipelago;

2. the subtropical zone - the area south of the Pyrenees, Alps and Balkans;

3. the temperate zones - warm in central south and west, and cool further north, especially in eastern Scandinavia and Finland.

However there are considerable variations within each of these three zones.  Indeed the complex structure of Europe results in variable meteorological and climatological conditions in the European Union, varying from Mediterranean in the south, Atlantic in the West, temperate Continental in the East, to Boreal in the North.

Consequently, within  the scope of this study, the European Union has been divided into 4 climatic zones:

1. Boreal

2. Atlantic

3. Central European

4. Mediterranean

These zones are described below.  However, even within each of these climatic zones, there will still be substantial variation and therefore the climate variability in each Member State is summarised in the Member States Annexes of this report.

Figures 2.1a shows the different climates Europe and clearly shows the different zones which have been identified above.  Figure 2.1b shows a more general temperature and precipitation map of the European continent.  Figure 2.1c shows the average annual runoff and Figure 2.1d the topography of the European Continent.

Figure 2.1a
European Climates





Source: World Book, 1999. Taken from www.worldbook.com

Figure 2.1b
Average Temperature and Precipitation



Source: EEA, 1997
Figure 2.1c
Average Annual Runoff



Figure 2.1d
Topography of Europe



Source: EEA, 1997

2.1.2 Boreal

The Boreal region includes Finland and the northern two thirds of Sweden.  This climate is mainly cold temperate with low winter temperatures (average -7ºC) and is influenced by the polar air masses, and is therefore little influenced by the moist-laden Atlantic winds.  The whole of Finland, with exception of the coastal areas, is covered by snow for about half of the year.  Similarly, the Golf of Bothnia is frozen for a period varying between four and six months per year.  In Northern Sweden, the ground may also be snow-covered for periods of over six months.  The average temperature in the Boreal region is around 15º C.  Rainfall is relatively low and on average, rarely exceeds 500 mm/year, except in mountainous regions.  Generally, most of the rainfall occurs in late summer.

Although Southern Sweden is part of the Central-European climatic zones, it may also be classified as Boreal-temperate.  Indeed this region constitutes a transition zone between the Boreal climate and the Temperate climate of the Atlantic region.

2.1.3 Atlantic

The Atlantic climatic zone comprises Ireland, the UK, Denmark, the Netherlands, north-western Germany, northern Belgium, Western-central France and north-western Spain and Portugal.  This climatic region is characterised by a moist and windy climate with moderate temperatures in summer and winter and long transitional seasons.  Rain and clouds are present throughout the year in this zone and are brought from the Atlantic.  This region is also strongly influenced by the relatively cool summer temperature of the sea and the relatively warm temperature of the sea during the winter.  This influence goes inland, as far as Southern Sweden and Western Alps throughout the year.  Generally, the average temperature ranges between winter and summer are relatively small:  8ºC in Ireland, 11ºC in England and 14ºC in France and Germany.  The summer means usually range between 15 and 20ºc and the winter mean ranges between 1 and 7ºC.

Rainfall occurs through the year with minor maxima in autumn and winter.  Nevertheless it varies considerably from place to place (eg average 580 mm in Paris and 2134 mm in Bergen).  Due to the relatively low temperature, evapotranspiration is also usually low.  In the western mountainous regions (eg Scandinavia and Scotland), the rainfall is much higher (>3,000 mm/year).

In the most southern part of the Atlantic climatic region (south-western France and north-western Spain and Portugal), precipitation will be very high in the winter, but with very little frost and snow.

2.1.4 Central European

This climatic zone covers north and central-eastern France, northern Italy, Germany (with the exception of the north-western region), Southern Sweden, Luxembourg and Austria.  The main difference with the Atlantic region is the colder temperatures in both summer and winter.  This sort of climate is typically temperate and show large differences between summers and winters.  This region is also less windy than the Atlantic region.    There is a gradient for higher winter temperature in the west and lowest winter temperature in the east. The temperatures in the summer usually vary between -1 and -5ºC.  The winter month may also be characterised by  several month of continuous freezing, snow and frozen rivers.  On the other hand, the summer months are relatively hot and vary between 18 and 26ºC. 

The average rainfall is low and decreases eastwards.  Usually rainfall does not amount to more than about 600 mm/year.  Precipitation occurs throughout the year, although largely as snow in the winter.  There are no dry seasons as such.  There is a small maxima in the summer which increases eastwards.

2.1.5 Mediterranean

The Mediterranean climatic region comprises Central and southern Spain, southern Portugal, southern France, Italy and Greece.  The climate is characterised by dry summers and periods of droughts (average temperature of 21ºC) .  The winters are usually mild and moist with average temperature of 6ºC.  Rainfall is confined to winters and will fall during autumn, winter and spring on irregular basis (storms).  Rainfall decreases eastwards.  The driest parts are the interior land masses.  There are, however, large variations within this region (eg winter rainfall: 907 mm in Gibraltar and 394mm in Athens).  Precipitation will vary between 300 -500 mm in the south-east of the Mediterranean(south-east and central Spain, South-east Italy and eastern Greece). The higher parts of the Mediterranean region (400-1000 m altitude) are more humid.  Sunshine is often continuous during the summer period.

2.2 Nitrate Pollution Risks

2.2.1 Introduction

The nitrate anion is highly soluble in water and therefore subject to movement in any water leaving the soil by drainage down/through the profile (including lateral flow on slopes) and/or run-off from the soil surface.

Consequently, wherever ground or surface waters underlie or occur adjacent to agricultural activity there is a risk of nitrate pollution. Clearly the risk of nitrate pollution is greatest when levels of available nitrate in the soil profile (including on the soil surface) are high and coincide with other circumstances which increase the vulnerability of underlying or adjacent waters to diffuse pollution.  In other words - the ‘nitrate pollution risk’ at any specific location is a combination of the probability of high nitrate levels occurring in (or on) the soil and inadequate soil protection against erosion, runoff and leaching (such as bare soils in winter) combined with the vulnerability of local waters to pollution.  The probability of high nitrate levels occurring in (or on) the soil is increased greatly by:

a) a large positive nitrogen balance in the soil (i.e. a level of nitrogen inputs which greatly exceeds crop requirement/uptake).  Such nitrogen surpluses are observed to increase at the farm level as the intensity of production increases (e.g. increased number of livestock units per hectare of utilized agricultural area);

b) certain identifiable agricultural practices (e.g. the application of excessive inorganic fertiliser, ploughing of grassland in autum, etc), the incidence of which will vary according to:

· the production system; and

· the day-to-day management decisions taken by farmers and their staff;

c) low levels of crop growth and therefore limited nitrogen uptake or crops with low (eg. cereals) and negative (leguminous) N demand;

d) certain environmental factors such as high soil temperature and high soil organic matter content which favour the natural formation of nitrates by mineralisation.

2.2.2 Influence of the Climate on Nitrates leaching

The influence of the climate upon the NO3 leaching risk is relatively complex but three basic influences can be identified:

a) temperature and moisture regimes influence the probability of high soil nitrate levels occurring by affecting microbial activity.  Generally, provided that moisture and soil organic matter levels are not limiting, increased soil temperatures will lead to increased mineralisation and the potential for increased nitrate levels;

b) fluctuations in temperature will also have an effect upon the occurrence of surface run-off by causing freezing in winter with the potential for snow cover.  Considerable surface run-off can be therefore be expected during periods of thaw, most notably in the spring. In addition to the more obvious dangers of direct run off, there is a danger presented by the mineralisation and immobilisation of N in frozen ground.  The cycles of drying and wetting have a significant effect on the rate of mineralisation and freezing of the soil may stimulate a brief ‘burst’ of mineralisation and elevated soil nitrate levels upon thawing;
c) the interaction of patterns of rainfall and temperature will influence the amount of net precipitation (i.e. total precipitation minus surface run-off and evapo-transpiration) and therefore the amount of water draining through the topsoil which in turn will influence the vulnerability of soils to the leaching of nitrates and their transport to ground and surface waters.  It is important to note that the intensity, as well as the total amount of rainfall, is of importance in determining the extent of nitrate leaching from these soils, but is impossible to predict.  This is a particular problem in the temperate climates of western Europe where temperature and rainfall are evenly distributed throughout the year, but the everyday weather is notoriously changeable.
d) frozen soils and snow cover limit nutrient movement into the soil and greatly increase the risk of nutrients being carried to surface waters by runoff and erosion following rain storms or rapid snow melt. Young and Mutchler also showed that the nutrient content of snowmelt (spring runoff) from frozen plots on which maize and alfalfa was grown were high from all manured plots in comparison to unmanured plots.  They measured that up to 20% of the N was carried away in the spring runoff.
2.2.3 Areas of Vulnerability

Whether elevated nitrate levels in the soil are actually translated into diffuse water pollution depends upon three areas of vulnerability:

(a)  The vulnerability of the topsoil to surface run-off.  

This depends upon a number of environmental factors, including local meteorological conditions, topography and soil conditions (i.e. the influence of texture upon infiltration capacity).  For example, streams are very susceptible to local agricultural practice if heavy rain follows the application of fertiliser or organic manure.  This susceptibility to pollution is accentuated by steep slope, intense rainfall and heavy impermeable soils.  All of which together can lead to the rapid downslope movement of nitrates and other nitrogenous material in surface run-off.

Surface run-off is commonly associated with point source pollution.  This may be important in the short-term at the affected location, but is unlikely to be as significant as the widespread diffuse pollution caused by the movement of water and nitrates down/through the soil profile.  It is important that Codes of Good Agricultural Practice and Action Programmes recognise this and do not place too much emphasis upon the more ‘visible’ problem of point source pollution. 
(b)  The vulnerability of the topsoil to the leaching of nitrates down the horizon/profile to below the root zone (i.e. beyond the point of recovery and uptake by a crop).

This vulnerability is essentially a product of soil texture and net precipitation (i.e. total precipitation minus surface run-off and evapo-transpiration), although there are a number of other factors which may interact with these factors such as slope, the distribution and intensity of rainfall, soil infiltration rate, the use of irrigation and the stage of crop growth.  The vulnerability of topsoils to leaching is generally greatest:

· when they are coarse textured, and;

· during the autumn and winter when rainfall is high and evapo-transpiration is low;

(c)  The vulnerability of local ground and surface waters to diffuse pollution by nitrates which have been leached below the root zone.

This vulnerability depends upon a number of further factors, such as the size of catchment area and the prevailing climatic, hydrological, geological and topographical conditions.  In the case of groundwater, for example, vulnerability  to pollution by nitrates (and other soluble contaminants) is greatest when:

· the rate of groundwater recharge is high;

· the unsaturated zone above the groundwater is relatively shallow;

· the composition of the unsaturated zone (including top soil) is coarse;

· the aquifer shows good permeability (e.g. igneous and metamorphic rocks with well-developed fissure systems, alluvial/sandy zones, etc.).

In order to reduce the risk of nitrate pollution and to afford water resources in the EU a general level of protection, any Action Programme submitted under the Nitrates Directive should address as fully as possible all the components of ‘nitrate pollution risk’ outlined above.  In other words, all Action Programmes should contain a range of measures that aim to both reduce the probability of high nitrate levels occurring in agricultural soils and to reduce the vulnerability of ground and surface waters to diffuse (and point source) pollution.   Some of the issues are clearly stated within Annex III of the Directive.  The next section will briefly review some of these issues. 

3 Agronomic Concepts

3.1 Introduction

The following section summarises a series of agronomic issues, most of which are mentioned in Annex II and Annex III of the Directive.  It is not meant to be a comprehensive review of each of the issues but only aims to highlight the key principles which ought to be taken into account within the context of the Directive.

3.2 Fertilisation

3.2.1 Winter Spreading of Fertilisers

Nitrate leaching from the root zone to aquifers occur mainly in the period from late autumn to early spring when precipitation exceeds evapotranspiration and crops are absent or unable to take up large quantities or nutrients 
.  Leaching will be more severe in soils sensitive to NO3 leaching such as predominantly sandy soils.   Therefore, fertiliser applied in the winter is the least desirable from a nutrient utilisation and environmental point of view.  Experiments have clearly shown that autumn and winter applications of manure considerably increased leaching
.  Frozen soils and snow cover limit nutrient movement into the soil and greatly increase the risk of nutrients being carried to surface waters by runoff and erosion following rain storms or rapid snow melt.

Such situations, which are encountered in large parts of Europe, suggest that action programmes and Codes of Good Agricultural Practice must include  measures prohibiting the spreading of both animal manures and other inorganic fertilisers on agricultural land (both grassland and arable land) during the winter.  Obviously, applications of nutrients on waterlogged, frozen or snow-covered soils should never be permitted either
.  Young and Mutchler showed that the nutrient content of snowmelt (spring runoff) from frozen plots on which maize and alfalfa was grown were high from all manured plots in comparison to unmanured plots.  They measured that up to 20% of the N was carried away in the spring runoff.
In addition to restricting the spreading of fertilisers in winter, APs should also restrict the application of fertilisers in the autumn as, at that time, it is difficult to achieve a balance between the capacity of the soil and the crops to use the nitrogen and the level of supply.  In the autumn, if manure is spread on  ground where no crops are grown, there is a high risk of runoff and leaching during winter and spring.  Such finding have been reported in many papers such as Kemppainen & Turtola (1998), Paul & Zerbarth (1997), Carey et al. (1997), etc.  

3.2.2 Fertilisation Practices

There are several general rules for the spreading of both manure and mineral fertilisers that should be promoted in Action Programmes and which are summarised below.

(a) Fertilisation in the proximity of water bodies

The first point concerns the spreading of fertilisers in the proximity of springs, wells or surface water intake. Most of the research shows that the spreading of manure and mineral fertilisers should be prohibited in a 30m area surrounding a spring, individual well or individual surface water intake
. In applying animal manures, specific buffer zones should be ensured: 10 metres of streams and drains, 20-30 metres of lakes and rivers (on each side of or surrounding the riverbed or lakebed), 50 metres of domestic wells and 50-300 metres of public water sourcesiv.  Further details on buffer strips are provided in section 3.2.4.

(b) Fertilisation and Soil conditions

Secondly Action Programme must include a prohibition to spread fertilisers on waterlogged, frozen or snow-covered soils.  In addition to the more obvious dangers of direct run off, there is a danger presented by the mineralisation and immobilisation of N in frozen ground.  The cycles of drying and wetting have a significant effect on the rate of mineralisation.  As described in Gustafson et al. (1997)
 there is good evidence that rewetting of a dried soil results in a burst of microbial activity and related burst in N mineralisation.  Freezing and thawing have comparable effects to drying and rewetting.  

(c) Fertilisation of steeply Sloping Ground

Thirdly, Action Programme must prohibit the spreading liquid manure on steeply sloping ground.  Traditionally it has been considered that a steeply sloping ground is a slope of 10% 
,
 or more.  This was reflected in a proposal from the Netherlands to UNECE (1999) which suggested that band spreading and trailing shoe could be carried out on slopes of up top 10% for tankers and up to 20% for umbilical systems.  This, however, should be treated with caution and can be considered as a gross overestimation.  In fact, from an agronomic point of view, slopes of  3-5% can already be considered as significant in terms of erosion, runoff and subsurface drainage.  On such slopes signs of erosion on runoff concentrations can already be observed.  Many publications show that at a slope above 5%, the risks of runoff and subsurface drainage are high.  In the United States and France, it has been shown that manure should not be applied to land with slopes over 6-7% (eg. as recommended by the Minnesota Pollution Control Agency and as presented in several regional French action programmes).  According to the US Department of Agriculture, “slopes greater than 3% have a greater risk for soil erosion.  For comparison, a 3% slope is about half as steep as the steepest hill on which roads are built”
.

According to the law of gravity, velocity varies as the square root of the vertical drop.  In other words, if the slope increases four times, the velocity of the water flowing on the slope is approximately double.  If the velocity of the run-off water is doubles, its energy, or erosive power, is increase four times.  This is to say that there is a rapidly increasing rate of soil loss as the slope of a field becomes steeper.  Experiences
 on the effect of the degree of the slope on the runoff and soil erosion have shown the following:

Table 3.1
Effect of the degree of slope on run-off and soil erosion

	Slope (%)
	Run off (% rainfall)
	Soil loss (t/ha)

	2
	6
	3.3

	5
	28.9
	23.6


The above table clearly shows that at a slope of 5%, runoff is already significant.  Therefore, as a general rule, in order to minimise the risks linked to fertiliser applications and providing adequate measures for the protection of water resources, no manure should be directly applied on slopes over 5% (except with direct injection).  

Within the scope of the Nitrates Directive, it is recommended that Action Programmes should establish slopes of 7% as a maximum slope for the application of fertilisers.  This could be extended to 10% where adequate equipment is available or in hilly regions.  Furthermore, it is also recommended that liquid manure should not be applied to land with slopes > 7%.

3.2.3 N-Fertilisation and Mineral N

Before considering the amount of N-fertiliser that can be applied, it is  necessary to consider the nitrogen supply from the soil which can come from the breakdown of organic matter and the release of N from previous crop residues (and how quickly this N becomes available).  This nitrogen must also remain in the root zone and not be lost to groundwater or air (by denitrification).   It is then necessary to make accurate predictions of the N needed to satisfy the crop demand.   The nitrogen supplied also needs to be applied with adequate techniques, particularly in wet and cold or warm and dry environments. This raises the issues of whether solid or liquid fertilisers must be used, whether fertiliser must be placed or broadcast, is irrigation needed to maximise the efficiency of N use by crops, etc.  Finally, crop residues can form an significant N source and must be taken into account: Brussels sprouts, for example, can leave over 250 kg/ha N if the residues are ploughed in.

Therefore when developing fertilisation strategies, the main issues of concern which should be taken into account include (in no particular order) (
):

· identification of high leaching soils (eg. sands and chalks) and crops (eg. potatoes, peas, oilseed rape, sugar beet) - taking into account the amount of residues;

· impact of weather conditions (rainfall and temperature) on drainage, crop growth and N utilisation;

· amount of residual mineral nitrogen present in the soil and amount being mineralised during the autumn (including cultivation practices which favour mineralisation);

· drilling date (the earlier a crop emerges, the quicker it covers the ground and the more nitrogen is taken up);

· timing and method of fertiliser application (eg. split applications);
· cover crop species - planting these before spring sown crops such as peas, beans and sugarbeet is an effective way of retaining N but it is released again when the cover crop dies and goes back in the soil at a rate depending on both management and climate. 

This clearly shows that a holistic approach which takes into account all of the issues summarised above is necessary to design a N-fertilisation strategy which aims at maximising the efficiency of nitrogen use by crops and protecting the soil against leaching. 

3.3 Crop Management

3.3.1 Crop Rotation

Crop rotation is one of the key principles of sustainable agriculture and integrated fertilisation practices.  Rotation refers to the succession of different crops over the years within the same field or a planned sequence of growing different annual and perennial crops in the same field year after year.  Each different crop will contribute to the removal or addition of organic matter and nutrients to the soil.  Over a complete rotation a balance between losses and gains should be obtained.  In relation to nutrients such as N, the main benefit of rotations is that it allows the nutrient reserves to rebuild after a demanding crop such as corn.  Legume crops (which fix atmospheric N
) provide significant amounts of N for the following crop (and improve soil structure) and can even, in some instances, eliminate the need for N fertilisers.  Obviously, this can only be beneficial if such nitrogen is taken into account when determining the fertilisation levels required for future crops.
There also are benefits in water quality as rotations can help to reduce sediment losses as well as losses of dissolved and sediment-attached nutrients.  Rotations also encourage healthy root systems which are effective at retrieving nutrients from the soil and minimise leaching to groundwater. 

The key to a good rotation is to have a good diversity of crops.  These are crops that are from different plant groups and have different nutrient demands.  In designing the crop rotation, soil nutrient levels are only one factor to take into account as crop rotations can also be very effective in controlling weeds and diseases.  When choosing a crop to design a crop rotation, factors which may be taken into account include:

· economic value of the crop;

· importance as a livestock feed;

· role in building up the soil organic matter;

· provision of adequate cover to protect the soil from erosion;

· contribution to the soil nutrient level;

· ability to compete with weed;

· inherent pest resistance.

3.3.2 Winter crop/Catch crop

Many intensive arable crop/vegetable production systems are characterised by large amounts of N remaining in the soil after the main harvest.  This N includes the residual soil nitrogen and the nitrogen contained in the crop residues and both can potentially be leached to groundwater.    The levels of soil residual nitrogen will very much depend on the vegetable grown on the field and the related recommended fertiliser rate.  For example, residual nitrogen after white cabbage may range between 20-75 kg N/ha when compared to over 200 kg N/ha for spinach (Neeteson 1998).  

Since large amount of this nitrogen may be lost by leaching during the winter period, a good practice is to plant suitable crops for catching nitrogen during the winter period
.  Such practice should clearly promoted in the Action Programmes.  This is illustrated, amongst many others, by Sørensen (1993) 
 who investigated how the content of soil mineral nitrogen in Spring was affected by incorporation of non-legume catch crops and how the yield and N uptake of succeeding crops are affected.  There is little need to demonstrate that catch crops effectively take up residual nitrogen which itself  forms a fertilising base for the next spring crop and it is important to ensure that it has good nutrient effects on the succeeding main crop.  

As demonstrated by Sørensen, this will mainly depend on the time of incorporation of the catch-crop.   The experiments showed that the yield of spring onion and white cabbage was significantly increased by catch crop growing the previous autumn and the nitrogen effect of Italian ryegrass was estimated to correspond to 50-100 kg N/ha in vegetables.  However, such yield increase due to the N release from a decomposing catch crops were not observed for spring barley, as it seems that nitrogen immobilisation did not occur.  It was concluded that in areas where the mean temperature during winter is low and the soil often frozen, catch crop do not need to overwinter, but can be incorporated in late autumn without risk of increased leaching.  Other experiments showed that nitrogen immobilisation does occur on inefficient crops such as winter barley but only at a low level (ie. ~ 30 kg in comparison to 80-100 kg with more efficient crops such as grass, mustard, etc).  

Experiments were carried out in the UK
 and showed that:

· “Of all the species investigated grazing rye is by far the most effective for preventing nitrate leaching since it becomes established so rapidly and continues to grow throughout the winter period. 

· Legumes, particularly vetch, significantly increase the mineral N available to plants in the first season after their incorporation. The timing and quantity of nitrogen released can be manipulated by altering the incorporation date. 

· Crops grown after the incorporation of green manures tend to be higher yielding than those following bare soil; this effect is most evident in soil where available nitrogen levels are low. 

· The incorporation of both rye and vetch can cause inhibition of seed germination and this can have serious implications for the establishment of drilled crops (such as spinach) if they are sown too soon. 

· Mineralisation of the nitrogen in rye continues throughout the first autumn after its incorporation. If the land is kept bare this can result in considerable leaching (effectively postponed from the previous winter) but this excess nitrogen can be effectively utilised by winter agricultural and horticultural crops, e.g. winter cereals and winter cabbage. By the second winter after incorporation this extra leaching has declined to background levels. Green manures must therefore be carefully integrated into the rotation to maximise their benefits and to reduce the risk of loosing their nitrogen by leaching”. 

However, it must be reported that Torstensson (1998) reported that catch crops (winter crops) are not taking up N during the autumn period sufficiently reliably to reduce leaching (partly due to the fact the large amounts of crop residues such as leys or green manure may release more N that can be taken up by the catch crop).  

It is also possible to undersow a catch crop in spring cereals (eg. perennial ryegrass).  It has been shown that undersown catch crops can reduce leaching by approximately 60% with conventional autumn tillage and using fertilisers and normal application rates of spring-applied manure.

In general, it is accepted that:

· winter catch crops are very effective in taking up residual nitrogen and therefore very effective in reducing the risk of nitrate leaching during the winter period (
) ;

· winter catch crops must be managed appropriately to ensure the effectiveness of N availability to the following spring main crop.
3.4 Buffer strips

3.4.1 Introduction

The application of nitrogen fertilisers to arable and horticultural crops is a very cost-effective solution in attaining maximum yield for farmers.  However, the application of more fertiliser than the crop can use creates a surplus and increases the risks of nitrogen losses. Such losses will include leaching of  nitrogen from the crop root zone to aquifers as well as direct run-off to surface waters (surface and subsurface flows).  

Nitrates are transported both in the soluble phase and by solid particles.  One method of protecting water sources from such diffuse pollution is to use buffer strips(
), either adjacent to the water source or higher up in the catchment area.  Buffer strips will trap nutrients such as nitrates which will be taken up by plants or denitrified if the soil is water-logged (effectively removing nitrates from the soil systems).  Buffer strips can be linear (e.g. hedges, embankments) or surfaces such as meadows and grasslands
. The degree to which they protect bodies of water depends upon a number of factors, including the size, hydrological pathways, vegetation and soils of the buffer zone, as well as the nature of the impacts by which the water body is threatened. This illustrated in Figure 3.4a. 

Figure 3.4a
The Role of Buffer Strips



Source: SIVOA (2001), in CORPEN 1997.

Vegetative buffer strips are
:

· effective in reducing sediments and nutrients in runoff from cropland;

· more effective in removing sediments than nutrients;

· more effective for runoff in the form of shallow, uniform flow compared with concentrated flow conditions;

· most effective when the strip width, location and vegetation is matched to the soil;

· less effective as the cropland area drained through the strip is increased;

· less effective when the depth of the flowing water moving through the filter is greater than the height of the vegetation in the strip;

· less effective as sediments and nutrients build up in the vegetation;

The buffer strip will act in four different ways (a) Sedimentation - filtration, (b) retention, (c) infiltration and (d) degradation.

Riparian buffer zones are on the whole, at their most effective along low order streams where the runoff that passes through them and enters the stream contains a much larger proportion of the total stream flow than in high order streams.  Not all buffer zones must be located in riparian areas. Alternatively located buffer zones are sometimes more effective, and include existing wetlands, drainage ditches, vegetated filter strips and contour grass strips.

It must finally be mentioned that buffer strips along water bodies are also used as a protection against wind action when spreading fertilisers or pesticides.

It is important to keep in mind that buffer strips are not an end solution to the nitrate problem, but if coupled with appropriate upland management, crop residue management, nutrient management, winter cover crops and related practices such as irrigation, they will allow farmers to minimise the impact of nutrients.  Similarly, buffer strips will only be efficient if no fertilisers (organic or chemical) are applied on it.  This must be clearly indicated in Action Programmes.
3.4.2 Types of buffer strips

The main types of buffer strips are:

· riparian buffers:  planting of trees shrubs and grasses that catch pollutants in both surface runoff and groundwater before it reaches a water body such as a stream or a lake;

· filter strips:  strips of grass  or other permanent vegetation to trap sediments and fertilisers before it reach streams and lakes. they are usually located between crop fields and waterbodies; they work most effectively by encouraging as much sheetflow as possible across the strip and minimising concentrated flow, this could be achieved by combining filter strips with other conservation practices that control concentrated flow, such as vegetative barriers, level spreaders, or water bars.

· grassed waterways:  strips of grass within cropland where water tends to concentrate or flow off field.  While they are primarily used to prevent gully erosion, water ways can be combined with filter strips or riparian buffers to trap sediments and other pollutants.

· contour grass strips:  narrow bands of perennial vegetative cover planted on the contour in a crop field and alternated down the slope with strips of crops.

As mentioned above, buffer strips can be composed of a grass strip within a catchment and/or of multiple rows of trees and shrubs adjacent to a stream with additional filters of perennial grass outside the trees/shrubs.  A study
 carried out by the IACR (UK) showed that fast growing trees such as willows have a great potential for nutrient retention in a natural riparian buffer strip. The study mentioned above showed that willow trees are excellent scavengers of nitrates as they absorb it in amounts exceeding it’s requirements for growth. Furthermore they take up and metabolise herbicides.  Such buffer strips are illustrated below.  

Figure 3.4a
Multi-species riparian buffer
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Source: IACR (2000)
The type of vegetation within a buffer can dramatically affect the functions it performs. In the most part it is possible to influence the type of vegetation through management, but soil type, hydrology, climate and nutrient status will of course demand some limitations. The main types of vegetation found within buffer zones are:

· Grass

· Tall Herb

· Scrub

· Woodland 

· Mixed or combination

It is widely recognised that buffer zones should consist of natural vegetation assemblages, but if it is required that certain nutrient removal functions are to be performed by a buffer zone, or if it is required that other functions are additionally performed by the buffer zone, then it may be essential to adapt the vegetation for these purposes. Different types of vegetation have different uptake rates for different nutrients, and this can affect rates of sediment deposition and influence both soil structure and composition. Additional functions that may be required from a buffer zone which may be achieved through vegetation management include both environmental functions and economic functions. 

A study
 has shown that buffer strips for nitrate removal are only effective when the water percolates through the root zone of the buffer strips. This, however, should be treated with caution as buffer strips have been shown to be effective in retaining nutrients (N) from runoff.

Obviously, if the water containing nitrates moves through drains or percolates deeply, buffer strips will not work (plant uptake (
) and denitrification are most effective in the root zone).  Ideally, buffer grasses should produce dense vegetation with stiff, upright stems near ground level, due to the fact that they slow runoff velocity and increase sediment deposition/ infiltration. Species which form clods as opposed to clumps, create a more uniform coverage, because it encourages more infiltration and percolation
.

3.4.3 Width of Buffer Strips and Efficiency

Several experiments have been carried out in order to determine the optimum size of buffer strips for efficient removal of both pesticides and nutrients from runoff.  Some of those experiments are summarised below.

The width of a buffer strip depends on a series of criteria such as slope, rainfall, soil type and crops and can vary from between 10 and 100 meters.  The efficiency of a buffer strip also depends on criteria such as its size, the ratio between the surface of the strip and the size of the area contributing the runoff , the slope and the characteristics of the runoff flow.  The mechanisms contributing to the retention of nutrients are infiltration, absorption by vegetation, exchanges with the soil bed and the surface of the grassed area and denitrification (essentially for nitrates transported in sub-surface flow).

In order to size the buffer strip properly, a few general rules can be taken into account
:

· For diffuse runoff originating on relatively short slopes (up to about 100m), buffer zones of about 10 metres should be sufficient to obtain a high removal efficiency;

· for diffuse runoff originating over larger areas (and where runoff is not concentrating over one area), buffer zones of about 20 metres will be necessary;

· if the runoff concentrates over one specific are (ie. at an angle), buffer strip of 10-20 metres long should be installed.

· If a buffer zone is created along a river, it is advisable to design it in such a way that the field-side remains straight. 

According to Bergquist (1999)
, experiments have shown that the reduction of the sediment component in runoff water has varied between 23% and 97%.  Similarly, the uptake of N has varied from 20 to 94%.  Furthermore, in buffer zones wider than 10m, the retention of nutrients has been over 50% in most cases.   Experiments carried out in Spain
 showed that the percentage attenuation levels in runoff from plots were cattle slurry was spread was greater than 90%.  In the USA
, it is considered that buffer strips take up to 50% or more of nutrients.  More details in the experience acquired in the USA is provided in Box 3.1. 

Box 3.1
The Use of Buffer Strips in the USA

Buffer strips are extensively used in the USA and their benefits have long been recognised.  In April  1997, the US Department of Agriculture (USDA) announced that it would help landowners install a total of 2 million miles of conservation buffers by 2002.  The buffer strips are aimed at inter alia improving soil and water quality and the initiative encourages farmers to understand the economic and environmental benefits of buffer strips. According to the USDA, buffer strips slow the water runoff, trap sediment, and enhance infiltration within the buffer. They also trap fertilisers, pesticides, pathogens, and heavy metals, and they help trap snow and cut down on blowing soil in areas with strong winds. If properly installed and maintained, they have the capacity to remove up to 50 percent or more of nutrients and pesticides
. Results obtained by the Nebraska Cooperative Extension showed that a 7.5 m strip reduced off-site movement of nitrogen by 70% and total phosphorus by 85%.

The Riparian Management System (RiMAS)

This is an American program, based on the construction of mixed/combination buffer zones, with minimum and maximum widths of different zones recommended for the performance of different functions,  with the aim of restoring biological and hydrological functions, and therefore reducing the occurrence of erosion and pollution. The data available is mainly descriptive, and devised for use in the USA, and no actual model or construction assessment is directly available. A summary of the recommendations is illustrated in the diagram below.



It is also recommended that buffer strips are divided in different zones performing different functions.  For example, three zones are recommended for a buffer zone of 30 m width:

· a tree zone approximately 15m wide adjacent to the streambank, capable of stabilising the bank, sequestering nutrients and sources of carbon through litter fall.

· a shrub zone approximately 6m wide mainly for the purpose of increasing biodiversity through habitat provision

· a native grass zone approximately 9m wide to intercept and disperse surface runoff and remove sediment, as well as provide a source of rapidly cycling organic matter for microbial processes.

Buffers can consist of a variety of vegetation, including perennial grasses, legumes and forbs, woody plants or a combination of the three. When available and able to perform the desired function, native species are preferred. The native warm-season grass (switchgrass), was compared to cool-season grasses (bromesgrass), timothy (Phleum pratense L.) and fescue in ability to trap sediment and nutrients in Iowa (Lee, 1997). Switchgrass filter strips removed significantly more nitrate and phosphate than cool season grass filter strips.
Trials with different strip width  (CORPEN, 1997) have shown that grass strips were effective in containing a variety of products.  A 6 metres strip reduced water movement by 43-87%, rising to 85-99% with strips of 18 metres.  Suspended solids were also trapped - up to 99%.  It was shown that molecules are absorbed on the suspended solids but are also retained on the organic material at the surface of the strip.

Table 3.2
Efficiency of buffer strips

	
	Bignan (93/94)
	La Jaillère (93/94)
	Plélo (94/95)

	Width (m)
	6
	12
	18
	6
	12
	18
	6
	12
	18

	Runoff reduction (%)
	43
	54
	94
	84
	97
	99.9
	87
	93
	85

	reduction of solid particules transfer (%)
	87
	100
	100
	98.9
	99
	99.9
	91
	97
	98

	
	
	
	
	
	
	
	
	
	


Source: CORPEN (1997)
Other studies have also shown that the level of uptake increases with increasing width of the buffer zone and it was recommended that the buffer zone should be in the region of 15 metres wide and composed of multi-layered vegetation in order to significantly reduce nutrient impact on water quality. However, according to Leeds-Harrison et al. (1996), where hyrological conditions are right, nitrate removal can occur within short distances of the field/stream interface and it is recommended that buffer strips have width of 8-10 metres.  

Methods for Calculating Buffer Zone Size

While it is relatively straightforward to determine the most suitable vegetation required within a buffer zone, determining the size of the buffer is more complex. Many policies suggest standard widths, but these are not based on the specific requirements of a location. In the UK, the Environment Agency (Environment Agency, 1996) and the Ministry of Agriculture, Fisheries and Food (MAFF, 1997) govern the current protocol for the implementation of buffer zones. It is recommended that buffer zones are extend to between 5 and 30 m in width. In reality, the optimal dimensions of a buffer zone will depend on a number of variables which include:

· The functions to be performed by the buffer zone;

· The degree to which the functions are required to be performed;

· The size of the buffer zone catchment;

· The hydrology/hydrogeology of the buffer zone catchment.

Economic considerations related to the amount of land both required and available for buffer zones is also a major issue as far as the width of buffer zones are concerned. Therefore, they need to be constructed so that they do not incur high costs or loss of income, while still performing the desired functions to a high degree. This can be achieved by both minimising the width of buffer zones while still enabling them to perform the desired function. One can therefore see the importance in correctly sizing the buffer strip.  One of the most important aspects of buffer zone effectiveness is the hydrological pathways both to and through a buffer zone.

A general rule related to buffer zone size is that the larger the water body to be protected the larger the buffer zone required, and the larger the buffer zone catchment area, the wider the buffer zone required.  A variety of models or systems for designing buffer zones have been developed. These include:

· Simple Ratio Methods

· Slope Related Methods

· Riparian Ecosystem Management Model (REMM)

· Riparian Management System (RiMS)

One may also have to bear in mind that riparian buffer zones do not always have to be constructed or established as they may already be present, and simply require maintenance.

A summary of recommended widths of buffer zones for the performance of different functions is shown in the figure below.

Figure 3.4b
Buffer Zone Widths - A review of Literature



Sources: JNCC (1999)

3.4.4 Buffer Zones - Conclusions

In view of the above, and taking the objective of the Directive into account, it seems reasonable recommended that buffer strips between fields and water courses should be, as a general rule, a minimum of 10 metres wide.  On this basis, possible alternative size could be as follows:

· 5m for narrow fields with slope of 0-3%;

· 20m for large fields with slopes >3%.

3.5 Manure Storage

Annex II.A and Annex III.1.2 of the Nitrates Directive concern measures to be included in the AP and CoGAP relating to the capacity of storage vessels for livestock manure.  The principle behind this measure is that this capacity must exceed that required for storage throughout the longest period during which land application in the Vulnerable Zones is prohibited.  The Directive requires that “the capacity of manure storage systems must exceed that required for storage throughout the longest period during which land application in the NVZ is prohibited, except where it can be demonstrated to the competent authority that any quantity of manure in excess of the actual storage capacity will be disposed of in a manner which will not cause harm to the environment”.

As will be observed in subsequent sections of this report, the period of prohibition for the land application of animal manure varies between Member States, even between those lying within a similar pedo-climatic zone.  However all APs should include a minimum periods of prohibition and thus a minimum storage capacity  for storage vessels that Member States must include in their action programmes.

Such minimum storage capacities are suggested below, taking into account a minimum “prohibited” period for each climatic zone as well as a “precautionary” volume which allows for additional storage for periods when land application is impossible due to climatic conditions (ie. rain, snow, frost, etc) or other factors. 

The figures in Table 2.3 suggest minimum values that should be taken into account by Member States.  Those values were derived on the basis of average pedo-climatic characteristics and taking into account adequate measures presented in a few action programmes (as presented in the Annexes of this report).  Of course, there is inevitably a certain level of variability within all zones as certain agricultural holdings may have slightly different characteristics and may require modifications to the above.  Derogations should therefore be possible but only granted on a case by case basis.
Table 3.5a
Proposed minimum manure storage capacity for each climatic zone

	Climatic Zone
	Minimum Capacity (months)
	Comments

	Northern Atlantic

Southern Atlantic
	7-8

6-7
	The southern part of the Atlantic zone has slightly drier climatic conditions than the northern part.

	Central European (alpine)

Central European (plains and valleys
	7-8

6-7
	

	Mediterranean
	4-5
	

	Boreal
	9-10
	


4 Atlantic Zone - summary

4.1 Belgium 

4.1.1 Overall adequacy of the measures

Within the scope of the Directive, the AP should establish strictly defined and binding measures that must be applied within NVZ (as opposed to the current optional systems) and adopted for the NVZ of concern (ie. Annex III.1.3).  It was observed that the systems in place in Belgium do not really take into account the criteria defined in Annex III.1.3 of the Directive.  Measures on slope, climate conditions, irrigation, land use and agricultural practice (including mineralisation and crop rotations) are not explicitly included.  The fertilisation recommendations are exceedingly high, even for those areas not located in vulnerable zones.  For instance, a total N allowance of 450 kg N/ha for grass is exceedingly high and so is 300 kg N/ha for maize (350 kg N/ha and 200  kg N/ha respectively would be more prudent while still relatively high). 

As mentioned above, the AP should establish strictly defined and binding measures that must be applied within NVZ.  The current AP proposes a series of different systems for which there appears to be no guarantee or even indication that all systems are equally suitable on all farms to achieve the goals of the Directive.  Therefore, should such systems be established, further evaluation of the systems is required, for which information is needed on the basic facts and figures underlying the standards and systems. 

The assessment of the measures concerning Annex III.2. shows that the standard of N from animal manure and other organic fertilisers is higher than EU standard of 170 kg N/ha from animal manure for grass, maize, and crops with moderate to high N requirement in the Normal Zone, and for grazed grassland  in the VZ EVAA.

On the whole, the assessment shows that the AP is an incomplete response to the Nitrates Directive.  Although the majority of the mandatory measures have been included, a series of significant problems have been identified and considerably reduce the value of the instrument.

4.1.2 Inclusion of the measures

Table B21 shows that the AP established in Flanders does not include all mandatory measures as required by Annex II.A and Annex III of the Directive in a sufficiently clear and unambiguious way.  Furthermore, different aspects of the AP may be implemented by different regulations which have been implemented over time.  This renders the measures confusing and unclear.

The main issues of concern can be summarised as follows:

· In the case of grassland, the length of the period of non-application reflects the lowering of the uptake of nitrogen in the second half of September, and the restart of the uptake of Nin February.   However, leaching of nitrate in February could still occur if the temperatures are too low to stimulate grass growth.  The water holding capacity of the soil could be insufficient to hold water from rainfall and snow.  It is, therefore, appropriate to prohibit the application on arable soils for about 4 weeks longer, until the beginning of March (21/9-01/03).  The Flemish AP also assumes that solid manure and other fertilisers, which release nitrogen slowly, will not lead to substantial nitrate leaching in the year of application. However, application in autumn and winter may lead to higher nitrate levels in spring than can be taken up by crops.  Therefore, the application of solid and other organic manure during autumn and winter is not appropriate and should not be allowed within the scope of the AP. 

· One of the main problems identified in the AP is the lack of measure concerning the storage and spreading of solid manure. The measures concerning storage only seems to cover semi-liquid manure and Art. 17 mentions that, in addition to the above, stable manure (fumier - manure composed of a minimum of 20% DM) can still be authorised for spreading throughout the year through a derogation.  There are no valid explanations as to why this is authorised since, once on the soil, solid manure (a) is exposed to rain and (b) release nitrates which means that risks of runoff and leaching are present, especially during autumn and winter.  Furthermore, since fields may not ploughed in autumn and winter, there are large risks of ammonia volatilisation.  Therefore, the application of solid and other organic manure during autumn and winter is not appropriate and should not be allowed within the scope of the action programme.

· Article 17 of the Modification of 3 March 2000 prohibits the spreading of fertilisers to water saturated soils, frozen soils, or soils covered with snow and application should be done in such as way as to prevent run-off into surface water.  It is not clear whether this applies to animal manure or to all fertilisers, including chemical fertilisers.  It is also mentioned that applications of animal manures are permitted in the non-vulnerable areas on lightly frozen ground provided that there is compulsory injection or sodding on cultivated land and compulsory ploughing-in on the same day as the application on non-cultivated land.

· The AP does not include details about slopes on which fertilisers should not be spread.  Although Flanders is a relatively flat region, such measures cannot be omitted from the AP. 

· The measures presented in the Flemish AP are a mixture of mean-oriented and goal-oriented measures.  The choice is left to the farmer to use the fixed system (with high fertilisation rates) or the farm balance (which leaves room for manipulation of the nitrogen surplus), manure excretion balance (aimed at controlling the manure problem rather than the nitrate problem), and the soil balance (relating to application rates of organic manure to the mineral nitrogen concentration in the soil). 

4.2 Denmark

4.2.1 Overall Adequacy of the Measures

Within the scope of the Directive, the AP should establish strictly defined and binding measures that must be applied within NVZ (as opposed to the current optional systems) and adopted for the NVZ of concern (ie. Annex III.1.3).  It was observed that these systems do not really take into account the criteria defined in Annex III.1.3 of the Directive.  Measures on slope, climate conditions, irrigation, land use and agricultural practice (including mineralisation and crop rotations) are not explicitly included.

4.2.2 Inclusion of the measures

The APs of Denmark include most of the compulsory measures as required by Annex III of the Directive.  However a few comments can be made:

· Concerning Annex III.1.1, measures on organic fertilisers are relatively well  incorporated in the programme (the main feature of the provisions is that, during winter, application is allowed only on soils with winter cover). However, two issues require comment:  (a) There are no provisions made for the application of chemical fertilisers.  This should have been incorporated in the programme (b) in relation to organic fertilisers, most measures apply until 1 February.  Given the pedo-climatic characteristics of the region, it is advisable to extend the period until 1 March.

· The Danish AP also allows the application of solid manure between harvest and 20 October.  Although this may be acceptable under some circumstances, it must be accepted that the mineralisation of nitrogen from organic manure is rather unpredictable.  It is shown in Chambers et al. (2000)
 that  only 5-10 % of the total N is available to the next crop when spread between August and October.  Thus application in September and October may lead to relatively high mineral N levels in the soil in autumn, leading to a high risk of nitrate leaching.   Thus application of solid and other organic manure during autumn and winter should only be allowed where it can be proven that the N in mineralised and effectively taken up by the winter crops. Such information is not provided in the Action Programme.  Here too, “harvest” should be defined more precisely.
· In relation to Annex III.1.2, only a general statement is included in the action programme.  Although more precise measures are included in the VMPI, it is unclear whether those are recommendations or mandatory measures.

· In relation to Annex III.1.3, the various components are covered by several paragraphs in VMP I and VMP II. The limitation of land application, taking into account the characteristics of NVZs is covered by, e.g. fixed N quotas, establishment of wetlands, and agreements on environmentally sound agricultural practices. However, the use of a balance as a basis for the limitation is not included in the AP, though it is compulsory to draw up a crop rotation plan, a fertiliser plan and a fertiliser account each year. In general, VMP II constitutes a tightening of the measures already included in VMP I rather than introducing new elements. No measures are taken concerning the use of buffer zones and irrigation.
4.3 The Netherlands

4.3.1 Overall Adequacy of the Measures

The action programmes established in the Netherlands do not include all measures, as required by Annex III of the Directive or includes measures that are not adequately established in order to fulfil the objectives of the Directive. 

In particular, the MINAS system, on which the Dutch programme is based for the implementation of the Directive, is causes some concern.  Although the MINAS system may form an adequate strategy to achieve the objectives of the Directive in the long-term, the information provided does not show how implementation will be ensured at farm level (ie. controls, measurements, etc) and how the surplus reduction will be achieved in the short-term.   Furthermore, it appears that more time is required to collect more concrete monitoring results on both experimental and commercial farms, information on the implementation/application of the MINAS system, model calibration, etc before a final decision can reasonably be taken.  Another problem identified with the MINAS system is the fact that it provides some control on the amount of nitrogen to used at the farm level.  However, there are no means of controlling how N is to be used at the field level and this may lead to environmentally incoherent practices - even though it would be in accordance with MINAS requirements.  

4.3.2 Inclusion of the measures

In addition to the comments made above, a few key issues are of concern:

· It is prohibited to apply animal manure and other organic manure as from:

· 1 September to 1 February on all grassland, nature areas, arable land, bare and uncropped land on soils that are nitrate sensitive (sand, reclaimed peat- and loose soils);

· 15 September to 1 February on grassland on other soils

Given the pedo-climatic characteristics of the region, it may necessary to extend those periods until end of February/beginning of March.  Furthermore, the above measures only concern animal manures and do not mention chemical fertilisers.  Within the context of the Directive, these must also be included in the above measures. 

· The implementation of Annex III.1.2 in the Netherlands is insufficient in terms of regulating the storage of manure at farm level. Indeed, at present, the Dutch AP does not include requirements for storage capacity at farms or the environmentally sound disposal of animal manure. It has been established that, at a national level, storage capacity is sufficient and there are measures for the sound disposal of extra manure  (the Meststoffenwet and the Wet Milieubeheer, respectively).  This cannot be seen as satisfying the requirements of the Directive.

· In relation to Annex III.1.3, the measures of the programme are based on the MINAS system.  This system differs significantly from the requirements provided in the Directive but it can be argued that it mainly differs in its content, but not its purpose.   The main difference is the implementation of a loss standard for the nitrogen surplus at farm level, in stead of use standards per crop type. Results from experimental and ordinary farms on nitrate sensitive soils in the Netherlands have shown that, both from an agricultural and environmental point of view, Minas is appropriate for achieving the objectives of the Directive.  However, there is absolutely no indication that this system will be appropriate on a national basis and that such results will be obtained in all farms.  Although it may be an appropriate system (ie. the principles are acceptable on an agronomic basis), there is no way of predicting its success on the ground and will require very careful monitoring and implementation.

· In relation to Annex III.2, the comments made above also apply here as no standards have been established, as requested by the Directive, but it’s objective is reportedly achieved by the implementation of both Mestafzetstelsel and Minas. The combination of these two systems would ensure that in fact agricultural practice complies with the use standards, taking into account a derogation for grassland, i.e. 250 kg N/ha as from 2003. First of all it should be commented that the real value of these measures can only be evaluated after their implementation and that there is absolutely no guarantee that no more than 170 kg manure N/ha will be applied to agricultural land.  Secondly, the grassland limit of 250 kg N/ha is not justified.  It therefore seems that the Dutch action programme should include a well-defined mandatory limit as required by the Directive until it can proven beyond reasonable doubt that the systems implemented enable  achievement of this figure over the entire territory.

4.4 United Kingdom

4.4.1 Overall adequacy of the measures

Overall, the action programme developed in the United Kingdom is a good translation of the requirements of the Directives.  However a few issues, which are summarised below are of concern and should be revised.

A particularly good aspect of the action programme is that is accompanied by guidelines which summarise each of the compulsory AP measures and provide additional explanatory guidance.  The manure planning booklet is supplementary to the Farmer Guideline and is aimed at helping livestock farmers and those arable farmers using organic manures.  It provides a step by step guide of how to comply with the relevant measures of the AP.

4.4.2 Inclusion of the measures

· The inclusion of Annex III.1.1 in the AP of England and Wales and in the draft AP of Scotland cannot be considered as sufficient to fulfil the requirements of the Directive.  More particularly, the measure concerning the prohibition of using slurry, poultry manure and liquid digested sewage sludge from 1 Aug – 1 Nov is not satisfactorily, since the application of manure after 1 November may result in substantial leaching from mineral nitrogen converted to nitrate. In both APs, the measure concerning the application of organic manure could be improved by:

· extending the period with a ban on application to 1 February;

· inclusion of all types of N fertilisers;

· inclusion of all soil types with considerable nitrate leaching.

· The inclusion of Annex III.1.2 in the AP of England and Wales as well as the draft AP of Scotland is too vague as the actual storage capacity is not defined.  Furthermore, there is no definition of what is considered environmentally sound disposal of animal manure. 

· In relation to Annex III.1.3, the main problem , from an agricultural point of view, is the lack of clarity (e.g. as to the required quality of application, the definition of what is considered a steep slope, and the use of a nitrogen balance) and precise measures.  Although the main themes may be mentioned, no clear practical guidance is given, as would be expected in the AP.  For example, the programme does not provide any details on what it defines as a steep slope or N balance.  The same applies to the draft AP of Scotland.

· The inclusion of Annex III.2 in the AP of England and Wales as well as in the draft AP of Scotland is not sufficient either.  In the AP of England and Wales, the defined farm and field limits for grassland are higher than the use standard as defined in Annex III.2. No justification for this is given. In the draft AP of Scotland, a use standard is included that concerns all organic manure. This standard is higher than the required limit. No explanation for this derogation is given. 

4.5 France

4.5.1 Loire Atlantique 

Overall Adequacy of the Measures

Overall, the programme established for the Loire Atlantique region appears particularly complete and comprehensive.  It is clearly structured and presents an adequate balance between the details of the measures presented and the more general principles underlying the measures.  

It takes into account the risks presented by the particuliar agricultural practices in the region, namely, risks associated with livestock farming and fertilisation practices, crop rotations and careful management of sensitive areas.  The programme is based on crop rotations and the principles of reasoned agriculture which include reasonable fertilisation doses based on the CORPEN recommendations.  These take into account agronomic factors and objective yields which are coherent with local agricultural outputs and nitrogen sources.

Inclusion of the measures
The programme established for the Loire Atlantique region is a well structured and comprehensive document which includes all mandatory measures, as required by Annex III of the Nitrates Directive.    There are, however, a few issues which are worth mentioning:

· Within the designated vulnerable zone, further sub-zones were identified, which includes the BV du Don, where the “fertimieux” programme is implemented and considered as fulfilling the requirements of Annex III of the Nitrates Directive.  It should be noted that all the measures required by the action programme are not systematically part of the “fertimieux” programme and that it is questioned why the mandatory measures of the AP should be replaced by the voluntary measure of the “fertimieux” programme.  It seems that the action programme required by the Nitrate Directive should be established in the entire vulnerable zone and can be complemented, where appropriate, by the “fertimieux” measures.

· Organic N inputs are only taken into account in the measures in a superficial way.  For instance, the requirements related to the capacity of storage vessels for livestock manure only apply to holdings which are financed.  Since a significant part of the manure in the region originates from “unfinanced holdings” this measure should apply to the entire vulnerable zone (including all livestock holdings).  Furthermore the mandatory measures on maximum N application from organic manures is not entirely coherent with the agronomic approach taken in the rest of the action programme.

4.5.2 La Somme 

Overall adequacy of the Measures

The programme makes extensive reference to complementary information and advisory services often referring to specific themes.  Although this may be adequate, the action programme itself lacks precision and technical details that would be expected in the action programme itself.  This renders the assessment of the programme quite difficult. 

It should also be mentioned that the organisational aspect of the programme is quite ambiguous.  The implementation and monitoring of the programme is the responsibility of professional organisations, and more particularly the Chambre d’Agriculture.  However this means that the action programme becomes part of the existing measures most of which are voluntary for farmers.  This does not seems adequate within the scope of the Nitrates Directive as the programme must be mandatory within the vulnerable zone.

Inclusion of the measures

The action programme established for the Somme region is quite particular in that it refers extensively to supplementary measures and information which are well defined in terms of themes to be taken into account, objectives and implementation.  However several comments should be made:

· Several key issues are not sufficiently detailed in the programme, including the overall management of crop systems (which seems to be a key issue in the east of the region (plateaux picards)), crop rotation and irrigation.   No substantial developments have been made on those themes which limits the efficiency of the programme and its overall strategy, basing everything on reasoned fertilisation at the field-scale.

· The fact that the programme itself refers to accompanying measures means that much of the detail required does not appear in the programme.

4.6 Atlantic Zone - Comparison of the Programmes and Conclusions

4.6.1 Periods when the land application of certain fertiliser is prohibited

The implementation of Annex III.1.1, ”period when the land application of certain types of fertiliser is prohibited” in the Member States has been presented in calendars for the application of fertilisers (Figure 4.6a). Table 4.6a gives an overview of the main restrictions.

Figure 4.6a
Calendar for the Application of fertilisers in the Atlantic Zone

	
	No Restrictions

	
	Period when land application of certain fertilisers is prohibited


A. Flanders

	Crops
	Restrictions
	fertiliser type

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Grassland
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	all fertilisers

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Arable crops 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	all fertilisers

	(low N-requ., maize) except when soil are cropped
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	VZ Water
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	all fertilisers

	VZ Ecological, etc (except type 1)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	VZ Water, type 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	all fertilisers


B. Netherlands

	Crops
	Restrictions
	fertiliser type

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	· Grassland

· nature areas

· arable land

· bare/uncropped lands that are nitrate sensitive
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	animal manure and other organic manure

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


C. Denmark

	Crops
	Restrictions
	fertiliser type

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Grass leys
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	liquid manure

	winter rape
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Land with no 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	solid manure

	winter crops
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	land not to be 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	silage liquor

	cropped following 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	winter
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	all land
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	liquid waste

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	land with no 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	following winter crops
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


D. United Kingdom - England and Wales

	Crops
	Restrictions
	Comments

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Grassland
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	chemical fertilisers

	Other land
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	sandy/shallow 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	organic manure: slurry, 

	soils
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	poultry manure or

	other soils
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	liquid sewage sludge


E. United Kingdom - Scotland

	Crops
	Restrictions
	Comments

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	all crops
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	chemical fertilisers

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	sandy/shallow 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	organic manure: slurry, 

	soils (grass)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	poultry manure or

	other soils
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	liquid sewage sludge


Figure 4.6b
Calendar for the Application of fertilisers in France: Loire Atlantique and Somme

A. Loire Atlantique

B. Somme

Table 4.6a 
Main restrictions in the calendars for the application of fertilisers - Inclusion of Annex III.1 factors 

	Member state
	Belgium
	Denmark
	France
	Netherlands
	United Kingdom

	Region


	Flanders
	whole country
	Loire Atlant.
	Somme
	whole country
	England
	Scotland

	chemical fertilisers
	yes
	no
	yes
	yes
	no
	yes
	yes

	animal manure
	yes
	yes
	yes
	yes
	yes
	yes
	yes

	other organic manure
	yes
	yes
	yes
	yes
	no
	yes
	yes

	different crops
	yes
	yes
	yes
	yes
	yes
	yes
	no

	soil type
	yes
	no
	no
	no
	yes
	yes
	yes

	winter cover
	yes
	yes
	yes
	no
	yes
	no
	no


As can be seen from the above table, measures covering Annex III.1.1 relate to three types of fertilisers, i.e. chemical fertilisers, animal manure, and other organic manure. Three Member States have included all three types of fertilisers in their measures (United Kingdom, Belgium and France). The two other Member States have not included measures for chemical fertilisers (Denmark, Netherlands), nor does the latter include a measure on other organic manures.

As for restrictions on the application of organic manure other than animal manure, measures are made explicitly for liquid sewage sludge (United Kingdom) and silage liquor (Denmark). In one Member State animal manure and other organic manure are treated alike (Belgium). This makes sense, for all organic manures may lead to substantial leaching of nitrate when applied during autumn and/or winter time.

4.6.2 Storage capacities

The implementation of Annex III.1.2, ”the capacity of storage vessels for livestock manure” requires measures on minimum storage capacity and/or on the environmentally sound disposal of animal manure. Table 4.6b gives an overview of the ways in which the requirements concerning storage capacities have been implemented by the four Member States of this study.

Table 4.6b 
Implementation of the requirements concerning storage capacity.

	Member state
	Belgium
	Denmark
	France
	Netherlands
	United Kingdom

	Region


	Flanders
	whole country
	Loire
	Somme 
	whole country
	England
	Scotland

	minimum capacity
	yes
	differentiated for pig, poultry, and dairy farms
	no details

 
	no details
	no
	copy of Annex III.1.2
	copy of Annex III.1.2

	qualitatively
	minimum 6 months
	6-9 months
	no
	no
	no
	not given
	not given

	sound disposal
	yes
	not included
	no 
	no
	yes
	yes
	yes


The main problem identified in relation to the storage capacity of vessels is that several programmes just include a measure copying part of the text of Annex III.1.2 of the Directive and do not establish any clear mandatory requirements. 

From an environmental point of view it is perhaps also important to regulate the sound disposal of excess manure. Only two Member States have organised the environmentally sound disposal of animal manure  (Belgium, Netherlands). 

4.6.3 Maximum fertilisation per crop type

Following Annex III.1.3, it is expected that Member States include a maximum fertilisation per crop type in the implementation of Annex III.1.3, ”Limitation of land application”.  In addition, Annex III.2 requires maxima for the application rates of nitrogen from animal manure. Table 4.6c gives an overview of the nitrogen standards, as implemented by the four Member States.

Table 3.6c shows no examples of good agricultural measures concerning maximum fertilisation per crop type. However, the use of different standards per zone (Belgium) is environmentally sensible. 

The effect of nitrogen on crop growth depends not only on the amount of nitrogen given, but also on soil and moisture conditions (irrigation, rainfall) as well as the timing and placing of the fertiliser. Therefore, from an agricultural point of view, standards to limit the application rate should take these factors into account. 

Table 4.6c
Implementation of standards for nitrogen fertilisation(at 1/1/2003).

	Member State
	France
	France
	Belgium
	Denmark
	Nl
	United Kingdom

	Region
	Loire
	Somme
	Flanders
	
	
	Engl.
	Scot.

	Chemical fertiliser
	yes
	no
	yes, distinction made per zone
	yes, 10 % below economic optimum, in kg N/ha per crop type
	no
	no
	No  

	animal manure
	yes
	no
	yes, also including other organic manure
	yes
	yes
	yes
	yes

	max. 170 kg N/ha
	yes
	no
	yes, partly
	yes, partly
	yes, partly
	yes, partly
	no

	derogation requested
	no
	no
	no
	yes, when > 70% grass, sugarbeet, catch crops
	yes, for grassland
	yes, for grassland
	no


Consideration of soil characteristics

Table 3.6d gives an overview of the ways in which soil characteristics have been taken into account in the implementation of the Directive, especially regarding Annex III.1.3.   The inclusion of Annex III.1.3 varies very much between the Member States, e.g. from the implementation of a combination of systems (both fixed and a nutrient balance system) to the implementation of a farm nutrient balance. Although these measures do not include exact figures, as required in Annex III.1.3, they may be considered as an adequate implementation of the goal that is aimed for by the measures of Annex III.1.3.
Table 4.6d 
Consideration of soil characteristics.

	Member state
	Belgium
	Denmark
	France
	Netherlands
	United Kingdom

	Region
	Flanders
	
	Loire
	Somme
	
	England
	Scotland

	Consideration of soil characteristics
	
	
	
	
	

	· in period of application
	yes, VZs


	no
	yes
	
	yes
	yes
	yes

	· in limitation of application rate
	yes, VZs and nitrogen residue
	yes, nitrate sensitive areas
	yes
	
	yes, nitrate sensitive soils
	yes, slopes


	yes, slopes

	· qualitatively
	yes: nitrogen residue
	no
	yes
	
	no
	no
	no


Table 4.6d shows that Denmark and the Netherlands have taken a similar approach in taking account of soil characteristics in the limitation of application. Both Member States have designated the whole country as a NVZ, and subsequently have identified places that are particular sensitive to nitrate leaching. However, the definition of those areas and soils is lacking clarity.  In France, the action programme for the Loire Atlantique region takes soil characteristics into account in a detailed manner. 

The limitation of the application on slopes is not well implemented in most of the Member States.  It is often argued that this measure is less important in flat countries or regions (eg. Netherlands, Flanders).  However, even in those regions, there are particular areas where land is steeply sloping and where application of fertilisers must be restricted.  Of course in the Member States  where there are large areas of hilly/sloping agricultural land, measures to avoid run-off of manures and fertilisers or residues of manures and fertilisers are particularly important.

5 Central European Zone - Summary

5.1 Austria

5.1.1 Overall adequacy of the measures

The measures that are included in the AP are described in the "Aktionsprogramm Nitratrichtlinie" in a very sketchy way. To the external observer it is therefore difficult to judge whether they are appropriate. It follows that a lot depends on practical implementation by regional and local authorities. 

The answer to the question whether measures have been designed taking into account local environmental conditions and in such way as to address the local problem is closely related. The impression is that the Austrian authorities have tried to leave a maximum amount of flexibility for regional and local authorities as well as for farmers.  Since natural (physical) and farm structural conditions in Austria are so heterogeneous it is simply impossible to design one national AP (and code of GAP) that is (sufficiently) adapted to local environmental conditions and local problems. 

There are two possible conclusions:

· A more thorough assessment should examine the implementation of these broader guidelines (national level framework) at regional and local level.

· There should be more than one national level AP (and code of GAP).  For instance there could be one for lowlands where the use of fertilizers is high, one for the high-rainfall areas of the Alps and the Alpine foothills, and possibly one for the wine producing areas.

The same comments apply to the way climatic conditions (e.g. frozen ground), buffer strips, winter cover and soil characteristics (especially slope) are covered.  At present it is designed so as to leave a maximum amount of flexibility for regional and local authorities and particularly for farmers.  And as seen in the previous section, there are parts of the AP which are too weak or inadequate in some instance.  These should be reinforced and some of the  measures should be defined more precisely.

5.1.2 Inclusion of the measures

Tables A2a and A2b of Annex A indicate that the Austrian AP does not include all mandatory measures as required by Directive 91/676/EEC in a sufficiently explicit and unambiguous way.

Particular attention should be drawn onto a few specific issues which are summarised below.

· the prohibition for land application of any fertilisers within the period 30 November - 1 February only applies to agricultural land outside of mountain regions ("außerhalb des Berggebietes").  The fact that 'mountain areas' are exempted from central measures is a significant problem. Indeed, alpine foothills are considered to be ecologically sensitive agricultural areas (BFL, 1997)
 and unrestricted nutrient discharges could lead to local eutrophication problems, especially due to the fact that climatic conditions in these areas are difficult (ie. high rainfall and extended periods of frost/snow) and the topography present high risks of runoff.  This clearly suggests that measures for mountain areas must be included in the regulations.  Of course, there are areas with little farming activity which are not affected by the nitrates issue.  Such areas should be exempted from the central measures on a case-by-case basis.  

· Another argument presented by the Austrian authorities is that many smaller farms have limited financial resources and cannot cope with additional financial burdens imposed by some of the Annex III measures.  This clearly suggests that there ought to be (investment) support programmes and it should not lead to the conclusion that these farms are exempted from central regulations.   

· Article 6 [1] of the Austrian AP specifies that a minimum storage capacity of 10 weeks is required. This rule applies to solid, semi-liquid and liquid manure as well as run-off from silage etc. Mountain regions are again exempted from this rule. It must be doubted whether a minimum capacity of 10 weeks is sufficient.  It seems that under the Austrian conditions, where the ground may be frozen for periods of over 3 months, storage vessels should have a capacity of a minimum of 6 (southern part of the country) to 8 months.  

· In relation to the spreading of fertilisers on steep slopes, "Jauche" (liquid manure, urine) is exempted from the restriction. No reasons are given for this exemption and it is not backed up by technical explanations.  Furthermore, steeply sloping ground is defined in terms of "slopes more than 20%". Clearly this part of the regulations is not strict enough and its many clauses, taken together, appear inconsistent with the objectives given in Art. 1 of the Directive. As explained in Section 3 of this report, fertilisers should not be applied on slopes > 7% (especially liquid manure).  In hilly regions this maximum can be extended to 10%.

· The precise width of buffer zones are not clear because for larger water courses and for lakes and ponds only a range for the distances is given: "minimum of 2.5 m - 10 m", "minimum of 2.5 m – 5,0 m", respectively.  This can not be considered as adequate within the context of the Nitrates Directive as buffer strips should have a minimum width of 10m (see Section 3 of the main report - Buffer Strips). 

· Article 4 stipulates that fertiliser may not be applied to arable land and grassland if soils are deeply frozen, waterlogged, flooded or completely snow-covered.  This presents an insufficient level of protection as even on only slightly frozen soils, spreading manure implies a high risk of runoff which potentially creates localised eutrophication risks. The same applies to the definition of "closed snow blankets" with a minimum height of 10cm.

5.2 Germany

5.2.1 Inclusion of the measures

Table 5.1 and table 5.2 indicate that the German AP does include all mandatory measures as required by Directive 91/676/EEC. The fact that some measures are defined in the form of framework regulations reflects the way (agri-) environmental policy is being implemented in the Federal system of Germany.  The formulation and implementation of more detailed measures are often left to the discretion of Länder administrations.  Although this may be a perfectly acceptable way of taking into account the variety of regions and climates encountered in a country such as Germany, it can only be effective if the framework regulation provides enough (detailed) guidance.  At present, it seems that the German framework regulation (DVO) does not provide enough guidance for adequate implementation of Annex III of the Directive.  

Although it is reasonable to say that the majority of measures included in the AP can be considered appropriate, some issues of concern remain:

· The period when the land application of certain types of fertilizer is prohibited is 2 months which, given the climatic conditions of most regions on Germany, is very short (especially when compared to neighbouring Member States which recommend periods of 4-6 months). The regional and climatic differences can not justify the federal provision of only 2 months and should be extended to a period of 6-8 months. Furthermore, it seems that periods when the land application of certain types of fertilizer is prohibited is limited to farmyard manure.  DVO Art. 3(4) ought to be widened to include all types of fertilizer.  

· Regulations regarding the capacity of storage vessels for livestock manure are not adequate in all Bundesländer. Indeed, some Bundesländer such as Bayern clearly require a storage capacity of a minimum of 6-8 months.  Other Bundesländers such as Mecklenburg Vorpommern have not included any detailed recommendations at all in the tranposing legislation and only re-phrase the requirements - as laid down in the Nitrates Directive. If the longest period during which land application of manure is prohibited is taken into account, the storage capacity must be 2 months, as defined in the DVO.  This, however, is exceedingly low and it should be extended to a minimum of 6-8 months of storage capacity.  

· An important problem that remains is the question of the amount of livestock manure applied to the land each year. The wording "applied to the land each year" is interpreted by the German authorities in the sense of nutrients actually added to the soil. This implies that all earlier losses during storage (a maximum of 10% and 25% respectively) and during the application process (a maximum of 20%) are to be deducted. The fact that ammonia emissions into the air will eventually result in corresponding immissions on the ground supports the Commission's more restrictive interpretation. APs should not promote practices which allow such high losses to occur - for instance 20% losses during application are very high and suggest use of very inefficient process.  The AP should promote good agricultural practices (such as injection or band spreading with incorporation within 4 hours) and assume losses of about 10% which is more reasonable and realistic.

· In relation to soil characteristics, although the DVO provides a good framework for the Länder to establish more precise/restrictive measures, it lacks precision, gives no concrete/quantified guidance and leaves too much room for interpretation. For instance, there is no mention of slopes or what is meant by a slope which, given the topographic characteristics of Germany, is a clear deficiency (see Section 3 of this report for the definition of steep slopes).  Furthermore, the measures currently allow for fertiliser to be applied on superficially frozen or snow​ covered soil.  This certainly presents an insufficient level of protection as even on only slightly frozen soils, spreading manure implies a high risk of runoff which can potentially create localised eutrophication problems. 

5.2.2 Coordination of Federal and Länder level measures

In Germany the transposition of the Nitrates Directive into national law is a task that is accomplished jointly by the Federal state and the Länder. Several sections of the Federal level DVO must be regarded as framework regulations (particularly Article 3 and Article 4). Essential details are left to Länder regulations. The two key questions that result from this are:

a) Were Länder really obliged to more precisely define measures, and closely linked to that, have all Länder fulfilled this obligation?

b) Is the degree of uniformity in implementation still sufficient for achieving the overall objectives on the whole of the territory? And, related to this second question: Is there a need to define minimum requirements at Federal level (in a quantitative way), and, is it possible to do that?

As for Germany one framework AP and Code of GAP has been defined by means of the DVO. More specific actions and more targeted (in the sense of region and problem specific) measures have been defined by the Länder.  However, and as observed before, some of the measures provided in the DVO are not precise enough and leave too much room for interpretation.  Indeed, it is essential that any central regulation provides an adequate level of details and a clear/strict definition of minimum requirements at Federal level in a quantitative way.

Another aspect that seems inadequate is the implementation of a monitoring system that is sufficiently harmonized over the whole territory. Monitoring of the quality of fresh and marine/coastal water, for example, clearly is a responsibility of the Länder.  The approaches used and reporting procedures, however, must be sufficiently homogeneous to allow for a regular Federal level assessment of the overall water situation and an evaluation of the effectiveness of the AP and measures used.

The fact that the Länder play a major role in the implementation of the Nitrates Directive is also expressed in the work of the "Länderarbeitsgemeinschaft Wasser (LAWA)" (Länder working group on water). The LAWA coordinates the more significant Länder level research, monitoring, evaluation and advisory activities, commissions applied research projects, publishes expert reports on water quality and pollution related issues, etc. A more recent initiative is the research programme "Gewässerschützende Landbewirtschaftung in Wasserschutzgebieten – Vergleichende Darstellung und Bewertung der Vorgehensweise und von Fallbeispielen in der BR Deutschland" (agriculture in water protection zones – comparative analysis of approaches used and case studies in Germany). 

5.3 Luxembourg

5.3.1 Overall adequacy of the measures

In the Luxembourg AP, there are several restrictions that may not be sufficiently clear and that, as a result, may not fully comply with the requirements of the EU Nitrates Directive. In addition some regulations only apply to arable land.

Article  8 ("Dérogations") provides a possibility for the responsible authorities to exempt farmer from certain regulations given in Article 6. Possible reasons for exemptions can be extreme climate (Article  8(1)), or particularly difficult farm situations (Article  8(2)). A question will be how these exemptions are  actually used.

Additional elements of the implementation of the Nitrates Directive in Luxembourg are a measure that aims at the expansion and improvement of storage capacities for farmyard manure (particularly slurry); an agri-environmental programme that includes measures such as a renunciation of the conversion of arable land into grassland, a limitation of livestock density to 2 LU/ha, a reduction of the application of mineral and/or organic fertilisers, nutrient testing for farmyard manure, the establishment of fertiliser plans for the use of farmyard manure, the promotion of green cover crops during winter, etc.; specific agri-environmental measures for fruit and wine producers; and the promotion of fertiliser plans.

No information is available that allows an assessment of the existence and adequacy of monitoring and evaluation activities.

5.3.2 Inclusion of the measures

The "Projet de règlement grand-ducal concernant l’utilisation de fertiliants azotés dans l’agriculture" includes the majority of mandatory measures as required by Directive 91/676/EEC.  In comparison to the 1994 "Règlement grand-ducal du 20 septembre 1994 concernant l’utilisation de fertiliants organiques dans l’agriculture", clear improvements have been made in the new regulation which is more complete and less ambiguous.   However shortcomings still exist and, as in the case of Austria the measures included in the AP are only described in a very general way, leaving room for interpretation. 

Some measures are still not sufficiently precise and may be subject to differing interpretations.  The main issues of concern are:

· In Article  6.A.1 the 10 metre buffer zone only applies to manure and not chemical fertilisers. This renders the measure less efficient. 

· In Article  6.A.3 it is added that on covered land ("les sols couverts") the period when the land application of certain types of fertilizer is prohibited is 15 October – 15 February. Grassland is explicitly exempted from the time restriction on application of fertilisers ("les sols couverts autres que les prairies et pâturages"). This exemption, which means that the regulation only applies to arable land, is problematic because even on grassland during the winter the application of certain types of fertilizers could lead to severe run-off and/or leaching and the restrictions should apply to grassland. Given the climatic characteristics of Luxembourg, it seems that period of 4 months is very short, especially in those regions where frosts are frequent after 15 February.  As detailed in Section 3 of this Report, within the context of the Nitrates Directive a period of 6-7 months seems more adequate for Luxembourg.

· Article  6.A.5 states that the application of liquid and semi-liquid farmyard manure on sloping ground must be carried out in a way that neighbouring areas are not polluted. In order to achieve this soil conditions, cultivation, climatic conditions and the type of fertiliser needs to be taken into account. The general rule is that liquid and semi-liquid farmyard manure must not be applied on steeply sloping ground (> 8%) that is not covered except if it is worked into the soil on the same day. The exemption given is not really understandable in terms of its connection with sloping ground and does not seem to be appropriate.  Within the spirit of the Directive, manure should not be spread on sloping ground, whether covered or not, unless in is done by direct injection.  The measure, as it is, would allow a farmer to spread manure in the morning and work it in by the end of the day - such practice results in inadequate soil protection against runoff and leaching.

· There is no sufficiently clear and explicit mention of the necessary balance between the foreseeable nitrogen requirements of the crops and the nitrogen supply to the crops from the soil and from fertilization.

· Article 8 specifies that livestock farms ought to have a minimum capacity of 6 months. Within the context of the Nitrates Directive, this is clearly not adequate as all livestock holdings must have adequate storage capacity.  The only exemption foreseen in the Directive is where it can be demonstrated that any quantity of manure in excess of the actual storage capacity will be disposed of in a manner which will not cause harm to the environment.  This however does not explain this inadequate measure.   Furthermore, even if the period during which land application of manure is prohibited was adequate, the storage requirement in that region should be 7-8 months. Finally, it can also be observed that the 6 month period is not a mandatory measure but only a recommendation.

· As for Germany and Austria, the restrictions regarding the land application of fertilisers on frozen, snow-covered or water-saturated soils (Article  6.A.1) are not sufficiently strict.  In Article  6.A.1, for example, reference is made to "les sol gelés en profondeur" (deeply frozen soils) which may in practice not be interpreted in a way that is compatible with the objectives of the Directive.

5.4 France

5.4.1 Les Vosges 

Inclusion of the measures
As detailed in  Annex A of this report, the action programme established for the Vosges region does not include all of the mandatory measures required by Annex III of the Directive.  The main issues of concern can be summarised as follows:

· In relation to periods during which the application of fertilisers is prohibited, the measures are very general and are very much an integral transcription of the national guidelines.  Due to the local characteristics (eg. period of most significant drainage lasts from September until March), it seems that the periods should be extended beyond 15 January – 15 February;

· The principles of reasoned fertilisation are not really taken into account and there are no detailed guidance or measures determining the fertilisation strategy and N fertilisation doses according pedo-climatic characteristics;

· The action programme only considers fertilisation at the field level and issues such as application conditions or crop rotation management are not fully taken into account.

Overall adequacy of the measures

Overall, the action programme very much  appears as a formal response to the requirement of the Directive which contains a minimal amount of measures.  

The measures presented are often very similar to the national guidelines and do not present the detail which would be expected from an action programme to be established in a designated vulnerable zone.  The majority of the measures in the action programme outline principles which, for the farmer, can only with difficulty be translated into operational measures as precise objectives (eg. figures), implementation contexts as well as details are not presented.

5.4.2 Allier

Inclusion of the Measures

As described for the Vosges region, the action programme established in the Allier region is also a very general programme which does not present the details required.  The same comments as those formulated for the Vosges region apply.  

Overall adequacy of the measures
The comments formulated for the Vosges region apply.

5.5 Atlantic Zone - Comparison of the Action Programmes and Conclusions

In this section, the three APs that have been established within the Central European pedo-climatic zone are compared.  The aim is to show similarities and differences as well as, where appropriate, practical measures which could form the basis of “basic EU principles”.

The measures included in the Action Programmes assessed in the Central European Zones are summarised in Table 5.1.

Table 5.1
Measures included in the AP in Austria, Germany and Luxembourg

	No.
	Measure
	Austria
	France          Les Vosges
	France         l’ Allier
	Germany
	Luxembourg

	1.1
	Periods when the application of certain types of fertilizer is prohibited
	(ü)
	(ü)
	ü
	(ü)
	ü

	1.2
	Capacity of storage vessels for manure
	(ü)
	ü
	ü
	(ü)
	(ü)

	1.3
	Limitation of the application of fertilizers
	ü
	ü
	(ü)
	ü
	ü

	
	a) soil conditions, soil type and slope
	(ü)
	ü
	ü
	(ü)
	(ü)

	
	b) climatic conditions, rainfall and irrigation
	(ü)
	(ü)
	ü
	(ü)
	ü

	
	c) land use and agricultural practices
	ü
	û
	û
	ü
	ü

	
	- foreseeable nitrogen requirements
	û
	û
	û
	ü
	(ü)

	
	- amount of nitrogen present in the soil
	û
	û
	û
	ü
	(

	
	- net mineralisation of organic nitrogen
	û
	û
	û
	ü
	(ü)

	
	- N compounds from livestock manure
	û
	û
	û
	ü
	ü

	
	- N compounds from chemical fertilizers
	û
	û
	û
	ü
	ü

	2.
	Maximum amount of 170 kg N of livestock manure applied to the land
	ü
	(ü)
	û
	(ü)
	ü


5.5.1 Periods when the application of fertilizer is inappropriate 

The variation between the measures established in Member States which are located in a relatively similar climatic zone are illustrated in Table 5.1 and Table 5.2.

Table 5.2
Periods when Land Application of Fertiliser is Inappropriate 

	Member State
	M
	J
	J
	A
	S
	O
	N
	D
	J
	F
	M
	A
	fertiliser types

	Austria
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Any kind of fertilisers and all

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	land except mountain regions

	Germany
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Applies to farmyard manure. 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Exemptions possible.

	Luxembourg
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Applies to farmyard manure

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	on covered land.  Applies until 1 March for uncovered land.


It can be observed that for Austria and Germany, a short and inadequate period of two months has been established.  Given the pedo-climatic characteristics of the region, the prohibition period is recommended to be at least 4 to 6 months.

It can also be noticed that these periods are much more detailed for France as it takes into account differtent types of crops and different types of fertilisers.

Table 5.3
Periods when Land Application of Fertiliser is Inappropriate - France

a)  the Vosges

Allier

5.5.2 Capacity of storage vessels (II.A.5 and III.1.2)

Table 5.4
Comparison of storage capacities

	Country
	Storage capacity (months)
	Comments

	Austria
	2.5 
	Exemption for mountain regions

	Germany
	varying from 6 to undefined
	Responsibility on Länders

	Luxembourg

France 

France
	6

not specified

not specified
	only applies to new equipment

use the same formula as in the Directive


Different approaches have been taken by the Member States.  In Germany, for instance, the Länder are responsible for introducing regulations on storage vessels for farm manure. This has inevitably resulted in differences throughout the country which are not always acceptable (eg. minimum storage capacity of 6 months in Bavaria and Hessen and no precise requirements in Mecklenburg-Vorpommern).

In Luxembourg the programme specifies that livestock farms ought to have a minimum capacity of 6 months. However, this prescription only applies to new equipment or equipment to be upgraded.  Whilst a capacity of 6 months may be sufficient for some parts of the country, it is obvious that this measure should apply to all equipment and not only new equipment.

In Austria, the measures provides for a mandatory period of 2.5 months which, given the pedo-climatic characteristics of the country is very short.  Furthermore, mountain areas have been exempted - this is clearly not adequate to fulfil the objectives of the Nitrates Directive.

In France the programmes for the two regions (Vosges and Allier) are very vague in this respect as the measure simply re-phrases the Directive’s requirements.  Although the periods during which the application of fertilisers is well defined, it is necessary to include more detailed measures within the AP.
5.5.3 Limitation of the  Application of fertilisers

(a)  Fertilizer application and soil conditions, type and slope

As shown in the previous sections, there is very little homogeneity between the Member States and the measures have not been adequately implemented in any of the Member States examined.  A good example is the definition of slopes which varies from 8% to 20%.  There are no specific maximum fertilisation rates per crop type given in the APs of Austria, Germany and Luxembourg.

In addition it can be observed that Luxembourg, Austria and Germany mention deeply frozen soils and completely snow-covered soils.  It is considered that, within the spirit of the Directive, snow-covered or frozen ground should be understood in a literal way and not be defined and, as explained in Section A2 of this Annex, instead of arguing about the thickness of snow cover and depth of frost penetration the most important point ought to be the question of sufficient storage capacity allowing farmers optimum management.  Farmers who apply farmyard manure on slightly frozen soils (which is a quite common practice) simply tend not have sufficient storage capacity.

In France, the programmes for both regions do not give enough details either as the measures are very much formal translation of the Directive.

(b)  Conditions for application of fertilizer near water courses (II.A.4)

In Austria, article 5 of the programme relates to the application of fertilisers to agricultural land in proximity to water courses. Article 5 [1] stipulates that in buffer zones along water courses the fertiliser application has to be such that a direct pollution of water courses and a surface run-off is avoided. Slope and vegetation along water courses needs to be taken into account. As it is now, it appears that a reduced application of fertilisers in buffer zones is still  possible. In Article 5(2) the width of buffer zones is given in terms of distance to water course. The precise width of buffer zones are not clear however because for larger water courses and for lakes and ponds only a range of distances is given: "minimum of 2.5 m - 10 m", "minimum of 2.5 m – 5,0 m", respectively.

In Germany, article 2(3) states that "During application of fertilisers in accordance with good agricultural practice any direct application to surface water-bodies must he avoided by, among other things, keeping sufficient distance, as well as any spreading to neighbouring land so that no run-off into surface waterbodies or neighbouring land is possible. Due account must be taken of site and soil characteristics. What appears critical here is the fact that the competent authorities of the Länder are not really obliged through the Federal level Ordinance to issue regulations and to clearly define distances from waterbodies. Hessen and Mecklenburg-Vorpommern do have corresponding regulations (5-10 m), Bayern seems not to have such a requirement.

In Luxembourg, a 50m buffer zone is required but it only applies to manure ("fertilisants organiques"). As for mineral fertilisers the buffer zone is 10m. In this buffer zone a total ban on the respective fertiliser is imposed. The fact that the regulation distinguishes between organic and mineral fertilisers renders the measure less efficient. In addition, a further problem relates to the fact that the measure appears to relate only to water reservoirs and springs that are used for drinking water, and not to other surface waters.

In France, the requirements seem to vary according to the nature of the fertiliser .  The programme for the two region assessed are very vague in this respect and both mention the requirements established by existing regulations (RSD, ICPE) for livestock manure, without giving further details.  The general principles determined at national level apply (2m buffer zone along rivers).  The programme for the Loire Atlantique region, however, states that a buffer zone of 5m is required for type III fertilisers.  This can not be considered as appropriate in the context of the Directive.  

(c) Procedures for the land application 

A general finding is the tendency to emphasize that liquid and semi-liquid livestock manure may be spread with special care. It is not clear however why the same problem should not apply to most types of mineral fertilizer. The fact that nitrogen in mineral fertilizer most often is particularly soluble making it vulnerable to run-off after heavy rainfall, and to leaching to groundwater should lead to the conclusion that regulations ought to be widened to include all types of fertilizer.

There are no specific calendars for crop rotation and fertilisation given in the APs of Austria, Germany and Luxembourg.

The AP in Austria does include measures on fertiliser application (frequency, timing, homogenous application, etc.) and land use practices, including crop rotation systems. Reference is explicitly made to mineral fertiliser and farmyard manure. It is also specified that easily soluble fertilisers should have a split application if the quantity applied is above 100 kg N per hectare. The rule that "fertilisers ought, if possible, to be worked into the soil soon after application" is important. The requirement that the period of time between fertilisation and tilling should be as short as possible effectively means that tilling should as a rule begin immediately after application of the fertiliser. 

The programme in Germany states that "Any equipment used for the application of fertilisers must comply with the general standards of technology and ensure appropriate application rates and distribution as well as low-loss application. With regard to the selection of equipment due account must be taken of site and soil characteristics." In the explanatory part it is stressed that a proper application of fertilisers can only be achieved by means of suitable equipment ensuring proper application rates, equal distribution and low-loss spreading. In this context it is considered sufficient if the equipment meets the "general standards of technology". A more precise assessment of specific types of equipment is contained in the "Musterverwal​tungs​vorschrift" of the Länder.

In Luxembourg, the procedures for land application are dealt with in the "Projet de Règlement" in only a very rudimentary way. There are more recommendations regarding the procedures for land application in the "Codes de bonne pratique agricole".

In France, the programmes for the regions assessed provide general principles for fertiliser application (eg. splitting).  However, the level of detail is limited.

(d)  Balance between crop requirements and nitrogen application 

The Autrian programme specifies that a demand-oriented application is necessary both in terms of time and quantity. Easily soluble fertilisers should have a split application if the quantity applied is above 100 kg N per hectare (except on clayey soils; "> 15% Ton"). Apart from that there is no precise reference to the necessary balance between the nitrogen requirements of the crops and nitrogen supply in the Austrian code of good practice. The wording "demand-oriented application is necessary both in terms of time and quantity" appears insufficient if compared with the importance of this aspect in the EU Nitrates Directive

The Action programme in Germany includes a section on 'Principles of the Calculation of Fertiliser Require​ments' which provide a systematic and comprehensive methodology for determining fertiliser requirements.  More specific regulations are given in Article  5 Nutrient Comparisons where the establishment of fertilizer plans and the calculation of nitrogen balances is dealt with. The fact that balance-sheets are mandatory at farm level only (which is in line with the EU Nitrates Directive) "to avoid burdening holdings with too much paper work" leads to the question of whether this really is sufficient to achieve the objectives of balance-sheets, i.e. a well balanced fertiliser application.

In Luxembourg, there is no clear and explicit mentioning of the necessary balance between the foreseeable nitrogen requirements of the crops and the nitrogen supply to the crops from the soil and from fertilization.

In France, the programme for Allier makes absolutely no mention of the crop N requirements and N application. In the programme for the Vosges region, the programmes only outline general principles which are accompanied by technical annexes.  These, however, are considered as very academic and not adequate within the context of the Nitrates Directive.

In order to promote an application of fertilizers that is based on a balance between (i) the foreseeable nitrogen requirements of the crops, and (ii) the nitrogen supply to the crops from the soil and from fertilization it appears particularly important to promote an increased use of soil sampling and fertilizer advice programmes including appropriate software that can be used at farm level. Both can help to encourage a more rational approach fertilization and an awareness of the nutrient value of manure.

(e)  Land use management (II.B.7; III 1.3c).

In Austria, the programmes refer to fertiliser application (frequency, timing, homogenous application, etc.) and land use practices, including crop rotation systems.

In Germany, reference is made to land use and agricultural practices  throughout the DVO. Examples are: "The growing of catch crops must be aimed at using the nitrogen contained in the soil if there is no autumn planting" (Article  2(1)); "After the main crop has been harvested on arable land, the farmyard manure, par. .. may only be applied to ley, grass seed, bottom grass, autumn cultivation including catch crops" (Article  3(3)).

In Luxembourg, only Article 6.A.3 prohibits the application of all kinds of nitrogen fertiliser on fallow land ("jachères noires, pluriannuelles, spontanées"), i.e. land that is not crop covered.

In France, in contrast to programmes for other regions (eg. Gard), this issue is not dealt with in the programmes for Allier and the Vosges.

The importance of crop rotation systems for the efficient use of soil nutrients and a reduction of leaching could, in general, be made more clear in all three countries. 

(e)  Vegetation cover (II.B.8)

This issue is covered under the Austrian agri-environ​mental programme (ÖPUL), that was introduced in 1995. There is no explicit reference to the importance of vegetation cover and a readily growing crop as the best way of preventing nitrogen leaching in the "Aktionspro​​gramm Nitratrichtlinie". 

In Germany, the DVO  states that "The growing of catch crops must be aimed at using the nitrogen contained in the soil if there is no autumn planting"; Article  3, par. 3: "After the main crop has been harvested on arable land, the farmyard manure, par. .. may only be applied to ley, grass seed, bottom grass, autumn cultivation including catch crops"). A more comprehensive and more systematic definition of good land use management in respect of soil conservation (and thus indirectly of pollution control) is the main content of the Bundesbodenschutzgesetz (BBoSchG).

In France, this issue is mentioned but only very vaguely. For the Allier region there are no mandatory measures and it is only suggested in Chapter  IX.  For the Vosges the programme mentions that “ le programme se fixe comme objectif de maintenir ou de favoriser un couvert végétal des surfaces labourables jusqu’au mois de novembre chaque fois que cela est agronomiquement et climatiquement possible ”.

(f)  Establishment of fertilizer plans (II.B.9)

In Austria, there is no explicit reference to the establishment of fertilizer plans and the keeping of records on fertilizer use in the "Aktionspro​​gramm Nitratrichtlinie".

In Germany, the DVO makes mandatory the optional requirements in B.8 and B.9 of Annex 2 of the EU Nitrates Directive. The establishment of fertilizer plans and keeping of records is dealt with specifically in Article  5 Nutrient Comparisons and in Article  6 Obligation to Keep Records. In Article  5, par. 3 the need for and minimum requirements of balance-sheets are defined.

In Luxembourg, the programme specifies that all farms that intend to use organic fertilisers containing in total more than 500 kg nitrogen per year have to prepare a fertiliser plan. Particularly positive is the requirement that a) this plan must present in a sufficiently differentiated manner the way that organic fertilisers will be used, and b) the plan must be submitted for approval to the responsible authorities.

In France, the programmes for both Allier and the Vosges include requirements for establishing a fertiliser plan.  However, the measures only provide quite limited guidance which can not be used directly by farmers.

5.5.4 170 kg nitrogen per hectare limit

In Austria, the programme specifies that the maximum amount of farmyard manure applied to agricultural land should be no more than the amount of manure containing 210 kg N per hectare until 18.12.2002, and no more than the amount of manure containing 170 kg N per hectare thereafter. The amounts indicated in Article 8 [1] relate to the sum of all nitrogen fertiliser sources, calculated on the basis of the nitrogen applied to the soil so as to afford equal treatment to livestock manure and commercial fertiliser. In the calculation a livestock manure unit of 60 kg pure nitrogen applied to the soil per year was adopted as the basis. Losses occurring in the cowshed and during storage of approx. 20% are taken into account.

In Germany, the DVO introduces area-related ceilings for the application of nitrogen from liquid or semi-liquid livestock manure: "Notwithstanding the principles applied in accordance with Article 2, 3, par. 1-6 and Article  6 liquid and semi-liquid livestock manure may be applied only if the amount of total nitrogen contained therein, on farm average, does not exceed, on grassland 210 kg per ha and year on arable land, par. … 170 kg as from 1 July 1997." The wording "applied to the land each year" is interpreted by the German authorities in the sense of nutrients actually added to the soil. This interpretation implies that all earlier losses during storage (a maximum of 10% and 25% respectively) and during the application process (a maximum of 20%) are to be deducted.

In Luxembourg, a maximum amount of 170 kg N of livestock manure applied to the land is specified. In contrast to Austria and Germany (both refer to total nitrogen), the legislation in Luxembourg relates specifically to livestock manure.

In France, this issue was not considered in either programmes (Allier and Vosges).

6 The Boreal Zone

6.1 Sweden

6.1.1 Inclusion of the Measures

Table D3a of Annex D shows that not all mandatory measures have been included in a sufficiently explicit or unambiguous way.  Particular attention should be drawn to a few specific issues which are summarised below.

· In relation to the periods when the application of certain fertilisers to land is prohibited, the Swedish regulation do actually not provide any specific/explicit prohibition periods for certain types of fertilisers.  Regulation SFS 1979:426 allows farmers to spread fertilisers during the autumn and winter: during the period 01/08 – 30/11 livestock manure and other organic fertilisers may be applied only to growing crops or prior harvest sowing in the designated vulnerable zones and during the period 01/12 – 28/02 livestock manure and other organic fertiliser applied to land shall be ploughed in on the day of application (or within 4 hours for specific regions).  For the reasons detailed in Annex D, these measures are not adequate for fulfilling the objectives of the Directive.  Furthermore, there is no mention of chemical fertilisers.  

The above measures were complemented by the introduction of SJVFS 2998:132 which came into force on 1 January 1999. It  prohibits spreading of manure on snow-covered land or before the frost has broken.  No mention is made of water-saturated or flooded ground.  The above regulation also stipulates that chemical fertilisers cannot be spread during the period 1/11 - 15/02 (the same applies for manure from 01/01 - 15/02). For similar reasons as those presented above, this can not be deemed as correct in terms of achieve the objectives of the Directive as it effectively allows spreading of fertiliser during the autumn.

 In relation to storage capacities, it can be observed that the mandatory storage capacity for farms where cattle are kept (more than 10 livestock units) is of eight months.  Although probably being acceptable for certain parts of the country, given the climatic characteristics of the region where there may be prolonged periods of frost and snow, there is a need to include a safety period of at least one month which would suggest that the mandatory storage capacity should be 9-10 months.  Secondly, the measures do not seem to include any provisions for farmholdings with 10 animals or less. Although it seems that such holdings are not numerous, they should not be ignored (especially if located within an NVZ) and, within the scope of the Directive, must be included in the action programme together with other agricultural holdings.

 SNVFS 89:6 and report “Riktlinjer for godsling och kalkning” are reported as transposing the requirements of Annex III.1.3 and Annex II.A.3.  The measures, as presented in the above mentioned legislation are only recommendations and do not appear to be mandatory in any way. The action programme should, however, include measures related to the land application of fertilisers taking into account soil conditions, soil type and slopes, climatic conditions and land use and agricultural practices.  Furthermore, Annex II.A.3 requires measures related to application of fertiliser to sloping ground (ie. prohibition for sloping ground with a slope > 10%) as well as measures related to snow-covered, water-saturated, flooded and frozen ground.  The programme does not include either any mandatory measures in relation to a balance between N requirement of crops and N supply from both soil and fertilisers, crop rotations, fertiliser plans, etc (more details in Section 2 of this report).  Such measures should, however, be included in the action programme as mandatory measures. 

6.1.2 Overall Adequacy of the Measures

It should first be noted that the Swedish Action Programme is not formed by an individual publication or regulation but by a series of regulations, some of which were implemented long before the Nitrates Directive was.  Although most of those measures were designed to reduce nutrient leaching, they are not necessarily adequate for fulfilling the objectives of the Nitrates Directive and do not provide a sufficient level of protection. 

Furthermore, the fact the AP is formed by numerous regulations, some of which date back to 1979, inevitably makes the programme less efficient as it is more difficult to know exactly what the measures are, what is still valid and what has been amended.  It is certainly somewhat confusing for the independent observer and surely too for the farmers as they are not necessarily familiar with all the regulations and on-going developments. 

6.2 Finland

6.2.1 Inclusion of the Measures

 Council of State Decision 210/1998, as amended by Decision No. 907/1999 mainly prohibits the spreading of manure on frozen or snow-covered land.  It is also mentioned that the spreading of manure in Autumn is not recommended but allows the following maximum quantities to be spread during the autumn: 30 t/ha of cattle and horse manure, 20 t/ha of pig manure and 10 t/ha in the case of manure from poultry.  Such measure can not be considered as adequate and do not satisfy the requirements of Annex III.1.1 -  Just a recommendation not to spread in the Autumn is not sufficient to reduce the risks of nitrogen leaching. It is clearly not advisable to allow excess nitrate to accumulate in the autumn since under the harsh winter conditions it will not be utilised by crop growth at all and will still be highly vulnerable to leaching in the spring.   Furthermore, it can be expected that much of Finland will be covered by snow or frozen for about 4-6 months and freezing temperatures will also be encountered for an extended period of time. 

 Although it can be accepted that small amounts of manure may need to be spread in the autumn, those amounts should be small  (ie. no more than 50% of the total crop N requirement should be incorporated into the soil before spring). However, the current levels of N allowed to be spread during the autumn are very high and in most cases will result in well over 50% of the total N required by crops being incorporated in the soil during the autumn (eg. 20t/ha of pig manure represents an average of >100 kg N/ha which is more than 50% of the N requirement of most crops).

 In relation to livestock manure storage, the current regulation doesn’t satisfy the requirements of the Directive as, until January 2002, there is no guidance at all for the minimum the size of storage facilities.  Furthermore, since Section 5 of the CSD does not provide clear indications of the periods during which the spreading of fertiliser is prohibited, a measure stating that a vessel must be big enough for the manure produced during the prohibition time under Section 5 would not be adequate.  In the proposal for amendments made by the Finnish authorities, a capacity of 12 months excluding the manure left on the field during the same breeding period equates to approximately 9-10 months and would provide an adequate level of protection.

 Section 6 of the CSD includes a mandatory provision stating that in measuring and spreading fertilisers, the soil type, slope, capacity to resist water flood and sensitivity must be taken into account.  The balance between foreseeable N requirements of the crop and the N supply is ensured by the values fixed in Section 6 of the CSD.  It clearly appears from the CSD that the measures are not clear and precise and can’t satisfy the requirements of Annex III of the Directive.  Indeed, Member States are required to provide clear and exact rules.  For example, under the present regulations, it is necessary to provide figures for the slope under which manure can be spread, according the type and manure and the equipment used.  At present the regulations required farmers to taken certain factors into account but it does not provide and detailed guidance or precision and much is left for interpretation.  No details are provided either in relation to agricultural practices and crop rotations.

Although the proposed amendments are a clear improvement, the measures remain vague and do not provide an adequate level of precision.

6.3 Boreal Zones – Comparison of the Programmes and Conclusions

In this section, the two action programmes established in the Boreal zone (ie. Sweden and Finland) are compared.  

Table 6.1
Measures included in the AP in Sweden and Finland

	No.
	Measure
	Sweden
	Finland

	1.1
	Periods when the land application of certain types of fertilizer is prohibited
	(ü)
	(ü)

	1.2
	Capacity of storage vessels for manure
	(ü)
	(ü)

	1.3
	Limitation of the application of fertilizers
	(ü)
	(ü)

	
	a) soil conditions, soil type and slope
	ü
	(ü)

	
	b) climatic conditions, rainfall and irrigation
	(ü)
	(ü)

	
	c) land use and agricultural practices
	û
	(ü)

	
	- foreseeable nitrogen requirements
	û
	ü

	
	- amount of nitrogen present in the soil
	û
	(ü)

	
	- net mineralisation of organic nitrogen
	û
	(ü)

	
	- N compounds from livestock manure
	û
	ü

	
	- N compounds from chemical fertilizers
	û
	ü

	2.
	Maximum amount of 170 kg N of livestock manure applied to the land
	
	ü


6.3.1 Periods during which the land application of fertilisers is prohibited

The fertilisation calendars established in the Boreal region can be summarised as follows:

Figure 6.2
Calendar for the Application of fertilisers in the Boreal Zone

	
	No Restrictions

	
	Period when land application of certain fertilisers is prohibited


A. Finland

The current action programme in Finland does not include any restrictions for the application of fertilisers.  However, proposal for amendments were made and these are summarised below.

	Crops
	Restrictions
	fertiliser type

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Proposal 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	all crops
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	manure

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Grassland 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	manure

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Proposal 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	all crops
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	manure

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Grassland 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	manure

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


B.  Sweden

	Crops
	Restrictions
	fertiliser type

	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	all crops
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	chemicals

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	all crops
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	manure

	bare soil 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	manure


From the above tables, it seems that the Member States in the Boreal zone have developed this measure with a view to impose minimum restrictions on farmers.  The above measures do not seem to have been developed taking into account the pedo-climatic characteristics of the region and require revision in both cases.

6.3.2 Capacity of Storage Vessels 

It can be observed that both Member States have provided mandatory storage capacities which could be deemed as acceptable.  However, conditions apply to the measures which render them inadequate within the context of the Directive.

Table 6.3
Comparison of storage capacities

	Country
	Storage capacity (months)
	Comments

	Finland
	12 

4 month (southern Finland) and 6 months (northern Finland)

12 
	only applies from 2002 - no storage capacity requirements until then.

Proposal applying from 1.11.2000

Proposal applying from 1.11.2000 with derogation possibilities.



	Sweden
	8

10
	 only applies to holdings with >10 livestock units (cattle, horse, sheep, goat)

only applies to holdings with >10 livestock units (other livestock)


The issue of adequate storage capacity is a very important one in the Boreal zone as there should be clear periods during which land application is not permitted (prolonged periods of frost and snow) and during which manure must be stored.   As a general rule, it seems that all livestock holdings in this region should have storage capacities of 9-10 months as a minimum.

As can be seen above, different strategies have been adopted by the two Member States, although they both aim at adequate capacities in the future (ie. 2002).

6.3.3 Limitation of Land Applications

In relation to Annex III, a different approach was taken by the two Member States.  

· In Sweden, the measures appear to be recommendations as opposed to firm mandatory measures. The measures are related to the application of fertilisers taking into account soil conditions, soil type and slopes, climatic conditions and land use and agricultural practices. The programme, however,  does not include any mandatory measures in relation to a balance between N requirement of crops and N supply from both soil and fertilisers, crop rotations, fertiliser plans, etc.

· In Finland, the programme includes a general mandatory provision stating that in measuring and spreading fertilisers, the soil type, mull content, slope, capacity to resist flooding and sensitivity must be taken into account.  However, values for  the balance between foreseeable N requirements of the crop and the N supply are also provided. No details are provided in relation to agricultural practices and crop rotations.

Given the characteristics of the region, it seem very important for the programme to include detailed mandatory measures taking soil characteristics, climatic conditions, slopes and rainfall into account.  Furthermore, an issue that seems central to this region is that of buffer zones.  Indeed, there are numerous water bodies in the region and it seems crucial to establish measures requiring the establishment of buffer zones taking into account soil characteristics, topography, agricultural practices, etc.

Measures implementing Annex III are symptomatic of the main failings of action programmes of the Boreal region in that the key objectives for farmers to adhere to are stated, but:

· there is then insufficient guidance for farmers to effectively implement these objectives, or;

· the guidance which is provided is obscured by less relevant information.

In the case of Finland, it is felt that the Code of Good Agricultural practice is a better and more complete document which promotes all aspects of good agronomic practices with respect to the avoidance of pollution.

7 Mediterranean Zone

7.1 France – Departement du Gard

7.1.1 Overall adequacy of the Measures

In France, although each département is responsible for designing and establishing the action programme, framework guidance is provided at the national level with a view to harmonising the measures established and providing a basic technical standard.  Various reference texts were prepared by CORPEN and implemented at the national level (eg. Arrêtés Ministériels de février 1992, novembre 1994, Juin 1994, etc).  These texts define the themes to be addressed in the action programmes as well as the actions to be implemented in order to achieve the objectives defined by the Nitrates Directive (eg. 3 types of fertilisers, use of buffer zones, etc).  It is however up to the region to integrate these themes in an adequate and sufficiently precise way.   

In comparison with other programmes from the Mediterranean region the action programme established for the Gard region represents a good response to the requirements of Article 5 and Annex III of the Directive.  With the exception of the few issues listed below, the programme provides relatively detailed measures (eg. in relation to limitations for land application).  In addition to the mandatory requirements, the programme provides high quality information in relation to voluntary and accompanying measures.

7.1.2 Inclusion of the Measures

In general, the action programme established in the Gard départment provides good and detailed measures which are in general well adapted to local conditions.  There are however a few issues which are of concern.  These are summarised below:

· First of all, the programme does not include any measure prohibiting the spreading of fertilisers on frozen soil.  Obviously, this may not be a major issue as freezing temperatures are infrequent in the region.  However, it is strongly advised that such a measure is included in the programme as in the event of freezing temperatures, due to the soil characteristics of the region as well as its sensitivity to nitrate pollution, it is important that fertilisers are not applied to land.

· Secondly, the programme does not include any mandatory measures concerning the capacity of storage vessels for livestock manure (they must be in accordance with PMPOA but there is no definition of the requirements).  Here again, it is recognised that livestock farming is insignificant when compared to perennial crops, viticulture and arboriculture and that, consequently, pollution from livestock manure may only be of secondary importance in the region.  However, it seems necessary to provide measures for existing livestock holdings and ensure that the have adequate capacity for storing livestock manure during the period when application is prohibited (these periods are very well defined in the action programme). For the Mediterranean region it is estimated that a capacity of 4 months should be sufficient.

· Whilst in general the measures related to the periods during which  application of certain fertilisers are very good and detailed (per type of fertiliser and crops), a few issues must be flagged up.  First of all, as for a series of other “Mediterranean” APs, there are no periods prohibiting the application of fertiliser on maize crops - although it does not form the main regional crop, it presents very high risks of leaching after harvest and it should be included in the Annex of the action programme. Catch crops would minimise the risks but these are not mentioned in the programme. 

In relation to horticultural crops, there are no restrictions for fertiliser of type I and restrictions based on rotations for fertilisers of type II and III.  This seems inadequate and insufficient as in horticultural systems in the region, soil are usually bare in autumn and winter.

· Recommended size of buffer zones are to small (at least for type III) and should be in accordance with the recommendation made in Section 3 of this report.

· It is considered that the programme does not pay enough attention and does not provide enough guidance (ie. practical measures) in relation to irrigation practices.  Like many Mediterranean agricultural system, irrigation practices are closely linked to nutrient movement in the soil system and leaching risks, and especially in this region where nitrate pollution risks are related to irrigated crops and perennial systems.

7.2 Spain 

7.2.1 Overview of Spanish Action Programmes

In Spain, Action Programmes are established on a provincial level.  Out of the 18 provinces, nine have designated vulnerable zones for which Action Programmes should be established.  Not all nine provinces have yet established Action Programmes.  Those in bold/italics in the list below have been assessed in this study:

· Basque country;

· Catalonia;

· Aragon;

· Castilla-Leon;

· Valencia;

· Castilla La Mancha;

· Andalusia;
· Canarias;

· Baleares.

The relatively large size of most of these provinces implies that sub-zones are usually defined.  This is reflected in the action programmes and the way these are designed.  However, the decentralised character of Spain is reflected in the action programmes assessed.  As opposed to other large Member States such as France, no (national) common methodology can be observed and there is a marked heterogeneity between the action programmes.

In a general way, it is considered that the action programmes assessed are not adequate and do not provide a sufficient level of protection to both groundwaters and surface waters.  The main deficiencies observed are as follows:

· The measures of the action programmes are usually restricted and centred on the principles of reasoned fertilisation and N fertilisation recommendations (see point below).  Although formally listed, measures on the capacity of storage vessels are often not sufficiently developed, although the development of livestock farming is of concern in Catalonia, Andalusia and in the region of Valencia.

· Issues of key importance within the Spanish context are often not mentioned or are only superficially dealt with.  This includes the issues of irrigation and winter cover.  Indeed, it seems important that the action programme in the regions of concern take into account of the nitrogen in irrigation water, limitations on irrigation volumes to limit the risks of leaching, adaptation of water-N inputs, etc.

· The measures on fertilisation practices are often unsatisfactory: they either consist of brief descriptions of general principles (the case of Aragon and Catalunia) or a detailed academic presentation of agronomic concepts (Valencia and Andalucia).  In both cases the operational aspect as well as the adaptation to local circumstances are very limited.  In addition, the maximum fertilisation levels recommended are excessive.

· The application of fertilisers must be adapted to local climatic characteristics and take irrigation practices, crop types and soil conditions into account.  This is usually not mentioned in the APs assessed.

· Periods when application of certain types of fertilisers is prohibited are only explicitly mentioned in two programmes: Aragon (globally satisfactory) and Catalunia (complex and contradictory).

7.2.2 Overall Adequacy of the Programmes

There is a marked heterogeneity between the programmes and a clear  absence of a methodology or guidance from the central authority in the drafting of the programmes.  Furthermore it appears that a local assessment of the nitrates problem was not carried out or was not used during the preparation of the programmes.  

The measures included in the programmes are in no way prioritised in terms of identified local problems.  It is believed that the programmes do not fulfil the objectives of the Directive and need to be revised in order to tackle the nitrates problem adequately.   

7.3 Portugal

7.3.1 Inclusion of the Measures

Overall it is considered the measures included in the action programme in Portugal are not adequate for fulfilling the objective of the Directive.

The key issues that have been identified can be summarised as follows:

 A few mandatory measures related to limitations of application of fertilisers have not been included in the programme: crop rotations, winter cover and slopes in particular.   In Vulnerable Zones 1 and 2 irrigation practices are a central aspect of the agricultural system.  However, it is not fully taken into account in the action programme;

 Measures related to the capacity of storage vessels for livestock manure are very general and do not provide any clear indication of the capacity required.  This is inadequate to fulfil the objectives of the Directive as, in this region, a capacity of about 4 months should be mandatory;

 Maximum fertilisation rates seem to be very high and centred on maximum productivity and high yields as opposed to reasonable agricultural practices;

 The measures related to balanced fertilisation are also very general and no precise technical measures have been included in the AP.  It refers to fertilisation principles, the implementation of which are the responsibility of official organisms.  Those principles do not take  account of soil N and soil mineralisation, limitation of runoff risks, etc;

 In relation to the periods during which land application of certain fertilisers in prohibited, the measures do not take into account the nature of the fertilisers or the type of culture.  As for many other programmes assessed in this zone, insufficient attention is paid to maize;

 A couple of key issues related to the particular sensitivity of the areas of concern (high autumn and winter rainfall and rapid water circulation) are lacking or not developed enough.   These are (a) winter cover which is crucial in those particular climatic conditions and (b) good irrigation management limiting the quantity of water used and taking into account the risk of leaching.

7.3.2 Overall Adequacy of the Measures

Within the scope of the Nitrates Directive, the action programmes should establish strictly defined and binding measures that must be applied within the designated NVZ.  This is not the case of the programme established in Portugal as many measures are vague.  Furthermore, it was found that the programme lacks certain coherence (eg. the maximum fertilisation recommendations are not compatible with the establishment of an adapted fertilisation plan).

On the whole, it is considered that the programme is an incomplete response to the Nitrates Directive and it should be amended to include measures that are more precise and designed for tackling key local problems (eg. take irrigation practices into account).

7.4 Greece

7.4.1 Overall adequacy of the Measures

After examination of the action prgramme prepared by the Greek government to implement Annex II and Annex III of the Nitrate Directive in the Plain of Thessaly, it has emerged that several issues need to be addressed in more detail and be included in the action programme. 

Overall, one is left with the impression that the AP is not up to the required scientific standard and falls short of satisfying the requirements of the Nitrates Directive. A large number of the measures required are not introduced in a sufficiently detailed form or are not defined accurately enough. The manner in which they are laid down and explained is often inconsistent and vague.

7.4.2 Inclusion of the Measures

A large portion of the AP has the style of an academic study rather than a set of strict, explicit and well-defined measures designed to be applied on the field.  Indeed, one feels that the implementation of the measures listed was not  really taken into account.  That is one of the reasons why so many of the measures required by the Nitrates Directive are not covered in the AP in a way that can be considered sufficient.

Another shortcoming is the wording of the AP, which does not make the measures compulsory (unless this changes when the AP is adopted as an official legal document).  Furthermore, some points are not dealt with at all and are relegated for consideration and clarification when the AP is reviewed and revised, as it is stated in the text of the AP (for example, the assessment of the contribution of livestock farming to nitrate pollution).

A major problem appears to have been the lack of basic information and data from research and monitoring programmes relating to agricultural practices in Greece, and in the Plain of Thessaly in particular, to assist the preparation of a comprehensive AP. This has, to a considerable extent, prevented the accurate determination of the measures required for inclusion into the AP by the Nitrates Directive.  Particular areas requiring more scientific research are:

a) the assessment of the addition of nitrogen compounds from livestock,

b) the assessment of residual N in the soil.

Of issues of concern are summarised below:

· the storage periods given in the AP is 3-6 months (90-180 days) and differs slightly from the period when it is recommended that fertilisation should be avoided, as specified in another part of the AP, which lasts 105 days, from October 15th to February 1st.  This is a point that is not made sufficiently clear in the AP.  As described in the main section of this report (Section 2.3.5 Manure Storage), a minimum storage capacity for this region is estimated to be 4 months which should be mandatory in the AP;

· no numerical definition of the range of slopes for which this interdiction applies is provided.  Furthermore there is contradiction with other parts of the AP as it is also recommended that fertilisers should be applied in small doses when the slope of the land is >6% and the land is not covered with vegetation.  Within the context of the Nitrates Directive the AP needs to include measures prohibiting the application of fertilisers on stteply sloping ground.  As detailed in the main section of this report, as a general rules fertilisers should no be applied to land with slopes >7% (or 10% as an absolute maximum in hilly regions).

7.5 Comparison of the Measures of the Action Programmes 

7.5.1 Introduction

The nitrate pollution problems that characterise the Mediterranean zone are that most designated NVZ are coastal plains or valleys of large rivers.  These zones correspond to those where Mediterranean agriculture is most intensive. The systems which characterise the zone are (a) perennial crops (often linked to excessive irrigation), (b) horticultural crops (often linked to excessive irrigation and uncontrolled N fertilisation), (c) dry cultures (linked to soil depletion of OM) and (d) Livestock (indoor) where manure is usually not managed according to the requirements of the Directive.   In terms of soil, there is a strong dominance of sandy soils often linked to recent alluvial deposits which are prone to leaching.  In terms of climate, the zone is characterised by maximum rainfall in autumn and spring.  

We can see from the above that the characteristics of the Mediterranean zone are very different from the northern Member States and that it is essential for the programmes to be designed to take into account of the specific characteristics of this climatic zone.

The above suggests that the action programmes designed for the zone need to draw particular attention on soil management (organic matter), irrigation management (quantitatively) and N fertilisation practices (splitting). 

The measures included in the various Member States assessed in the Mediterranean Zone can be summarised as follows:

Table 7.1
Measures included in the AP in Mediterranean Member States

	No.
	France (Gard)
	Port.
	Greece
	Spain Andal
	Spain Aragon
	Spain Baleares
	Spain Catlunia
	Spain Valencia

	1.1
	ü
	(ü)
	ü
	?
	ü
	û
	(ü)
	û

	1.2
	û
	û
	û
	?
	(ü)
	û
	(ü)
	ü

	1.3
	(ü)
	(ü)
	û
	ü
	(ü)
	û
	(ü)
	(ü)

	1.3a
	(ü)
	(ü)
	û
	?
	û
	û
	û
	û

	1.3b
	(ü)
	(ü)
	û
	?
	(ü)
	û
	(ü)
	(ü)

	1.3c
	û
	û
	û
	?
	ü
	û
	û
	û

	2.
	ü
	ü
	ü
	ü
	ü
	û
	ü
	ü


It can be observed that, overall, there is a certain similarity between the issues covered by the AP as well as those not included.

7.5.2 Periods when the application of fertilisers is inappropriate

Usually, the Mediterranean action programmes define reasonably well those periods, according to the type of crop and fertiliser.  The majority of programmes for the Mediterranean zone prohibit the application of fertilisers for a period of 2/3 months (eg.  1 October to 30 January) in addition to limitation based on the cultural cycle: 1-2 months before sewing for fertiliser of Type I and 1 month for fertilisers of Type II.   However a few issues of concern have been identified and are summarised in Table 7.6a. 

In relation to the more precise periods, almost all of the programmes do not provide any prohibition period for applications to maize.  None of the programmes provide any explanation but this seems inadequate as the risks of leaching are high after harvest (periods of high precipitation).

Within a Mediterranean context, the concentration of runoff risks over a whole year is less obvious than in Northern Europe.  On the other hand, in addition to pedo-climatic factors, runoff and leaching of nitrate is also heavily influenced by irrigation practices (excessive amounts of water).  In other words, even if the period of prohibition for land application of fertilisers is adequate in relation to pedo-climatic characteristics of the area, it doesn’t mean that all risk are eliminated.  However, a better control of the irrigation potentially allows top better distribute the N inputs.

As mentioned above, the prohibition periods for many of the Mediterranean action programme are very detailed (ie. according to crop and fertiliser types).  This makes it difficult to summarise in a single table and for this reason, the tables below only show the periods which were identified as inadequate or requiring modifications. 

Table 7.2
Summary of periods for which fertiliser application is prohibited and which have been identified as inadequate.

	
	No restrictions

	
	Period when land application of certain fertilisers is prohibited

	
	Proposals for modification

	
	Incoherence between different NVZ within the same AP


A. France: Département du Gard

	Crop
	
	Application restrictions
	Proposals

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	winter cereals
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	A few spanish programmes

	(not irrigated)
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	provide a good example

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Maize 
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	idem

	(irrigated)
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sunflower 
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	idem

	
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	

	field horticulture
	Type 1
	Pas d’interdiction
	minimal period in autum and winter is required for  

	(irrigated)
	Type 2
	Pas avant 15 jours avant semi
	type 1, 2 et 3 ; a period of

	
	Type 3
	Pas avant 15 jours avant semi
	2 months before sewing for type 1


B.  Spain: Aragon

B1  Zone vulnérable 1

	crop
	
	Application restrictions
	Proposal

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Winter cereals
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	(non irrigated)
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	until December/January

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	


B2  Vulnerable Zone 2

	Crop
	
	Application restrictions
	Proposals

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Winter cereals
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	(non irrigated)
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	until December/January

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Fruit trees 
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	(irrigated)
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	from July until February

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: It would be desirable to define the type of horticultural crop and establish restrictions accordingly.
C. Spain:  Catalunia

C1 Vulnerable Zone 1

	Crops
	
	Application restrictions
	Propositions

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Winter cereals 
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	(non irrigated)
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	until December/January

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sunflower (non 
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	irrigated)
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	until February

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Spring Colza 
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	(non
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	until February

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Vines
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 from 01/07 to ½. For types

	
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	1 et 2 , same as for NVZ 4,5,6

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Olive trees (non irr)
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	from Jully to February

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	


C2  Vulnerable Zone  3

	Crops
	
	Application restrictions
	Proposals

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Spring cereals
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 2 

	(non irr)
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	until December

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	


C3  Vulnerable Zone 4 and  5

	Crops
	
	Application restrictions
	Proposals

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Winter cereals

(non irr)
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 until December/January 

	
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	For type 1/ 2, as for NVZ 1 

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Vines (non irr)
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 from july until February 

	
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Arboriculture - 
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	Olives (non irr)
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	from july until February

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	


C4  Vulnerable Zone 6

	Crops
	
	Application restrictions
	Proposals

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Winter cereals 
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	(non irr)
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	until December/January;

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	For type 1,2: as for NVZ 1

	Vines (non irr)
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	from july until February

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Arboriculture - 
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 

	Olives(non irr)
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	from july until February

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	


D. Portugal

D1  Vulnerable Zone 1

	Crops
	
	Application restrictions 
	Proposal

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Fodder crops
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 2 

	
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	 and 3 until March

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Irrigated maize
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Optimum periods from the 

	
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	Spanish programmes which are

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	adapted to the climate

	Irrigated horticulure 
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 3 until February or March 

	
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	


D2  Vulnerable Zone 2

	Cultures
	
	Limitations des épandages 
	Propositions

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Fodder crops
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Extend the period for type 2 and 3 until March

	
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Irrigated maize
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Optimum periods from the

	
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	Spanish programmes which are

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	adapted to the climate

	Irrigated 
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Define periods as for NVZ 1

	horticulure
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	


D3  Vulnerable Zone 3

	Crops
	
	Limitations des épandages
	Propositions

	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D
	

	Arboriculture - Olives
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Exemple de préconisations sur 

	
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	oliviers en Espagne

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Arboriculture - fruits
	Type1
	
	
	
	
	
	
	
	
	
	
	
	
	Exemple of restrictions 

	
	Type2
	
	
	
	
	
	
	
	
	
	
	
	
	established in France

	
	Type3
	
	
	
	
	
	
	
	
	
	
	
	
	

	Irrigated horticulure
	Type 1
	
	
	
	
	
	
	
	
	
	
	
	
	Define periods as for NVZ

	
	Type 2
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Type 3
	
	
	
	
	
	
	
	
	
	
	
	
	


7.5.3 Capacity of Storage Vessels (Annex II.A.5 and Annex III.1.2)

Overall, this issue has not be fully or adequately integrated within the action programmes assessed and if integrated, it is often vague and poorly defined.  For instance, out of the five action programmes assessed in Spain, only one region (Valencia) has included a precise capacity of 3 months in the AP.  None of the other programmes provided any detailed measures.  Furthermore the action programmes usually do not refer to the effective agronomic value of livestock manures, even if this forms a central theme in a context where soil organic matter is being depleted.

 It is stressed in many of the programmes that the pressure from livestock manures is significantly inferior to that is normally encountered in northern Member States.  

7.5.4 Limitation of the Application of Fertilisers

Here again, the issues of concern have not been fully and precisely taken into account in the programmes assessed.  In general if measures are mentioned in the programmes, they are presented as recommendations and not legally binding measures.

The following issues are not dealt with in the programmes:

 Measures for fertiliser applications taking into account soil type, slope or rainfall.  These are significant omissions as it is quite pertinent for the areas covered by the programme due to their topographic characteristics as well as the general sensitivity of the Mediterranean environment.  

 Rotations, soil cover, etc are often not mentioned;

 There is often no precise guidance in relation to good irrigation management (quantitative aspects).  This is a significant omission due to the fact that irrigation is of fundamental importance for Mediterranean agriculture and is very closely linked to leaching risks.

7.5.5 Maximum Amount of Livestock Manure Applied to Land

This issue is usually well integrated in the action programmes assessed.  However, a series of issues have arisen in most of the programmes:

 The total N recommendations are often excessive and reflect more current/actual fertilisation levels rather than those recommended within the context of reasoned fertilisation.  Such levels often present a high risk of nitrate leaching. 

 With a few exceptions (eg. Gard), most action programmes do not give any consideration to fertiliser splitting.  The way it is presented usually reflects a high-yield objective as opposed to a reasoned objective.

 The recommended fertilisation levels do not seem to take into account (enough) the differences in N requirements between different crop systems  (irrigated or not, diversified rotations or not, etc) 

7.5.6 Conclusions

A few general conclusions can be drawn from the assessment of different Mediterranean action programme:

 Most of the programmes have not been entirely designed in a way that presents a strategy to tackle the main local problems;

 Most of the programmes reflect an approach geared towards maximum production as opposed to an approach which fully integrates balanced fertilisation, etc.  In this respect, it is very important to take the local agricultural context into account.  For instance, one should take the desired yield into account (which reflects the regional/local reality) and base recommendations upon it.

 From a technical point of view, a central issue in the Mediterranean context is that of irrigation which is often the cause of systematic pollution.  In general irrigation can be related to a general  intensification of crop production which is often reflected by over-fertilisation.  Furthermore irrigation present runoff risks.  Finally irrigation water may contain certain amounts of nitrogen which must be taken into account.  It is believed that the concept of “reasoned irrigation” must be taken into account systematically in the action programmes of the Mediterranean zone.  More particularly, recommendations should be provided on (a) the quantities of water (splitting, link with yield, economic productivity, etc) and (b) take into account the nitrogen present in irrigation waters.

8 Basic “EU Principles”

8.1 Introduction

The assessment of the Action Programmes established in the Member States, as summarised in the preceding sections, has also enabled us to highlight a series of issues and principles which should be taken into account by all Member States when establishing an Action Programme within a particular Vulnerable Zone or region.  These are summarised below.  

8.2 Basic “EU Principles”

In addition to the agronomic principles outlined in Section 2 of this report,  three particular issues have been identified which should be better taken into account by Member States when establishing an Action Programme:

· Local or regional adaptation of APs and targeting of measures;

· the continuous collection and analysis of relevant scientific and technical data on nitrogen emissions, agricultural practices and environmental conditions and the continuous review of the effectiveness of measures and revision of APs;

· Integration of the nitrate issue with other environmental policy measures;

8.2.1 Flexibility and Regional Adaptation

According to the Nitrates Directive, Member States are expected to have identified vulnerable zones (NVZ) and to have established Action Programmes (AP) in all of these zones. Some Member States, such as Austria, Germany and Luxembourg have identified their entire territory as a vulnerable zone (i.e. effectively as one)
which in practice means that an Action programme is implemented throughout the entire territory.  

The majority of those Member States take the view that it is impossible to define a single Code of Good Agricultural practice and a single Action Programme that is able to deal with very different environmental conditions and farm structures in their different regions which are (in most cases) too heterogeneous for a standard approach.   However, such reasons for the lack of development of effective action programmes is hardly relevant as framework legislation, as established in Germany and Austria, should provide the basis upon which responsible (regional) authorities can work and adapt measures according to their requirement.  This means, however, that an AP implemented at national level should (must) not leave the interpretation of the measures described in Annex III of the Directive up to the regional authority but should define a minimum standard which can be adopted or derogated on a case by case basis. 

Secondly, the Nitrates Directive clearly distinguishes between: 

a) establishing a Code or Codes of Good Agricultural Practice (Article  4) and 

b) establishing Action Programmes aimed at a reduction of water pollution from nitrogen compounds in vulnerable zones (Article  5). 

In the actual implementation both are dealt with simultaneously and in combination. Often it is unclear where really the actions in support of the objectives of the Nitrates Directive are. However, actions that address very specific problems in a very targeted way may be at least as important as a more or less (often less!) strict Code of Good Agricultural Practice. 

As it is now, it is not sure whether certain zones, draining into waters vulnerable to pollution from nitrogen compounds, are really getting special protection. It is also not clear that specific regional problems – e.g. areas where the use of fertilizers is very high -, are addressed with region-specific actions  (e.g. a sufficiently limited, reasoned use of fertilizers, including soil analysis, balance between crop requirements and nitrogen supplied, and vegetation cover during rainy periods). Drainage basins with intensive arable farming and areas with a particularly high livestock density require measures that are, at least partly, very different.  This, however, is rarely observed in the AP assessed.

The fact that measures in many Action Programmes tend not to be very precise, are sometimes unclear and may be open to subjective interpretations indicates that they try:

a) to cover relatively hetero​geneous regions with the same measures and 

b) to leave farmers a maximum amount of flexibility and to restrict farmers as little as possible.

However, in order to address specific problems and implement action, it is essential for an AP, whether national or regional, to be somewhat specific in what it recommends.

8.2.2 An Action Programme Adapted to the Territory

In order to develop and establish an action programme it seems essential for the Member States to initially perform a detailed assessment of the pedo-climatic and agricultural characteristics of the region for which the programme is designed and to which it will be applied.  Although this may well appear to be an obvious principle, we have observed that numerous action programmes are not designed taking these local (or even regional) characteristics into account.  This results in basic and non-specific measures which transpose the requirements of the Directive without translating it/adapting it to the local situation.  In order to tackle nitrate problems in an efficient way it seems, however, that measures must be well targeted to address specific problems.  

In France, for example, the national administration provided the regions with a framework for a territorial assessment, which, when integrated to the development process of the Action Programmes, has proved to be a very useful tool in designing measures which will effectively address the local problem.

However, at the European scale, it is very uncertain whether region specific problems (eg. areas where the use of fertilizers is very high), are addressed with regionally specific actions (eg. a sufficiently limited, reasoned use of fertilizers, including soil analysis, balance between crop requirements and nitrogen supplied, and vegetation cover during rainy periods).  Drainage basins with intensive arable farming and areas with a particular high livestock densities require measures that are, at least partly, very different.

As mentioned before, the fact that measures may not to be very precise, sometimes unclear and may be subject to subjective interpretations also indicates that APs try a) to cover relatively hetero​geneous regions (eg. Germany) with the same measures and b) to leave farmers a maximum amount of flexibility and to restrict farmers as little as possible.  However, this does not seem to be an adequate strategy to achieve the objectives of the Directive as it clearly appears that Action Programmes need to be designed to tackle specific problem and improve local/regional agricultural practice.  

Box 8.1
Examples
Periods when Land application of fertilisers is prohibited
It was observed in the assessment of the Action Programmes that many measures remain fairly general, even if most programmes establish a certain prohibition period.  For example certain regions establish a general ban on application of manure for all types of crops for a specific period.  However, other regions establish measures that are in accordance with the main regional production and take into account the different types of crops and different types of fertilisers used.  This seems to be an excellent way of establishing periods during which land application of fertilisers is prohibited as it will take specific crops (with specific N requirements) into account as well as the total amount of N applied to agricultural land.

Limitation of Fertiliser Application

Here again, it seems very important to design measures that take into account local/regional characteristics.  In addition to taking local climatic conditions into account (often an important factor) it is also very important to take local agricultural practices into account.   For instance, when developing measures for balanced fertilisation, programmes such as the one established in the Loire Region (France) takes into account the local yield for the main crops (average of last 5 years - minus 2 extreme), N from soils, N from animals as well as mineral N.  

Fertilisation rates

A good example is that of fertiliser recommendations/restrictions (kg N/ha).  If measures are geared towards achieving the objectives of the Directive it seems necessary to assess local agricultural practices and results in order to provide the farmers with a reference yield for different crops which is adapted to local practices and on which fertilisation plans and recommendations can be drawn.  This type of approach was rarely observed.

It should also be mentioned that some of the programmes consisted of a series of existing measures and regulations, some of which may have been implemented before the Directive was (as much as 10 years before).  Obviously, there are doubts as to the efficiency of such programmes as they are unlikely to include measures which are directed to the problems identified within a specific Vulnerable Zone or region.

8.2.3 Importance of monitoring and evaluation (M&E)

The drawing up and implementation of suitable monitoring programmes is vitally important for the assessments and continuous improvement of the effectiveness of APs. The importance of monitoring and evaluation, aiming at a transparency of procedures , and enabling an informed public debate, is increasingly recognized. Strong linkages are needed between on-going M&E and the steering of Action Programmes in order to increase the effectiveness of measures. The systematic feedback of information can be favourably linked with the continuous improvement of Action Programmes and measures (adaptation of measures to scientific and technical progress). Experiences should be exchanged at both national and international levels.

The soil surface balance can be used for tracking the changes in nutrient surpluses over a number of years and for assessing the effectiveness of the agri-environmental measures or equally the measures of the Nitrates Directive. Soil surface balances can also be used to identify structural excesses in nitrogen (and other nutrients) and the problem regions where the surpluses are located.

In order to assess the impact of the Action Programmes special attention needs to be paid to the methodological problems of quantification and causality due for example to the complexity of agro-environmental systems, the effects of external factors and changes in farm and production structures.

The question as to how far adequate provisions have been made can not be really answered on the basis of the comparative analyses carried out here. 

The effectiveness of measures in terms of improvements in water quality (of surface and ground water used for the extraction of drinking water, eutrophication of natural freshwater bodies, estuaries, coastal/marine waters) is the central criterion.

8.2.4 Integration with other environmental policy measures

Recommendations for the further refinement of an integrated environmental policy framework need to pay particular attention to the relationship between the Nitrates Directive and other policies at Community, national and regional level.   The combination with agri-environmental measures, focusing on extensification and reduction of inputs, including measures to encourage organic farming is important. More emphasis should be placed on agri-environmental measures to encourage ways of using agricultural land that are compatible with the protection and improvement of the environment. 

The combination of measures with investment support programmes is important in terms of the availability of adequate storage vessels with 

sufficient capacity, efficient equipment for fertiliser application, etc. 

The CAP reform under Agenda 2000 intended to make direct payments from the CAP conditional on respect for certain environmental requirements decided by the Member States. Many Member States such as Germany did not 

implement these eco-requirements because it was only optional. 

8.3 Issues to be Developed in the Action Programmes

The issues which are summarised below are issues which have generally not been adequately taken into account in the Action Programme or which have generally not been developed enough. 

· Global management of a crop system - all Action Programmes should include detailed measures (adapted to the local conditions) which take into account of the soil N cycle, all N inputs, crop rotation, land management and soil conservation (eg. the effect of ploughing on N leaching, OM content and erosion risks) and reasoned fertilisation. 

· Fertiliser application -  measures on the application of fertilisers during autumn and winter should include chemical fertilisers, animal manure and other organic manure, and should be relative to soil characteristics, e.g. soil cover and risk of nitrate leaching.  

In order to promote an application of fertilizers that is based on a balance between (i) the foreseeable nitrogen requirements of the crops, and (ii) the nitrogen supply to the crops from the soil and from fertilization it seems particularly important to promote an increased use of soil sampling and fertilizer advice programmes including appropriate software that can be used at farm level. Both can help to encourage a more reasoned fertilization and an awareness of the nutrient value of manure.

· Horticulture - greenhouse crops: this type of system is of particular concern in relation to N leaching and high N use.  Action programme in region where horticultural crops are significant (eg. Mediterranean region) must take those into account and include measure based on (a) actual levels of organic N in those systems (b) pedological characteristics of the greenhouses, (c) irrigation practices and (d) fertilisation practices.

· Irrigation.  In general this issue is often not emphasised enough whilst it forms a central issue in relation to N leaching and runoff in region where irrigation is intensive.   For instance, good irrigation management is central in a Mediterranean context.   Since irrigation may present risks in terms of N leaching and N runoff, it is important that it is integrated into the programmes of irrigated NVZ, especially in relation to (a) irrigation doses (including splitting) and (b) N in irrigation water.

· Fertilisation rates.  In the programme establishing maximum fertilisation rates (total N) for different types of crops, these rates were very often excessive and did not seem to take account of the varying needs of crops between different system: irrigated or not, diverse rotation or not, etc.) A measure on maximum fertilisation can also be implemented by means of a farm nutrient balance. If fertilisation standards are set, it is advisable  to make a distinction between crops with low and high N requirement, and between soils with low and high risk of nitrate leaching.
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