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Abstract


About 2 million hectare (58%) is used for agriculture in the Netherlands. Half of this is grassland and the other half is mainly arable land. On the arable land the farmers mainly grow potatoes, maize, sugar beets and grain. The last decades the number of farms has been reduced, accompanied by a clear increase in the scale and specialisation of farms. Livestock numbers rose rapidly until 1994 but have remained stable since then.





Runoff and leaching of nutrients from agricultural land is responsible for over 50% of the inputs of nitrogen and over 30% of the inputs of phosphorus into surface waters. In about ¾ of the number of lakes, canals and ditches the nitrogen and phosphor concentrations exceed the water quality standards. Targets for nutrient surpluses are set to reduce the losses of minerals gradually until 2008-2010. 





The use of pesticides and the inputs to surface waters are significantly reduced as a result of the Multi-Year Crop Protection Plan. The input of the pathway spray drift, causing peak concentrations in surface waters, is not reduced. Concentrations of pesticides are still not meeting the water quality standards. A regulation based on the Surface Waters Contamination Act is being prepared to reduce the inputs of pesticides.








�
1. Characteristics of the agriculture in the Netherlands





The structure of Dutch agriculture has changed significantly during recent decades. The number of farms has fallen from 163,000 in 1975 to about 108,000 in 1997 [1]. This reduction of the number of farms has been accompanied by a clear increase in the scale and specialisation of farms. The area under agriculture is slightly decreased from 2.1 million hectare in 1975 to 1.98 million hectare in 1996. This is about 58% of the area land in the Netherlands. About half of the area under agriculture is grassland and the other half is mainly arable land and a small part horticulture. On the arable land the farmers mainly grow maize, grains, potatoes and sugar beets (see table 1).





Table 1: The area of land used for agriculture in the Netherlands in 1996 [2].





�
Area (in million hectare)


�
�
land used for agriculture�
1.98�
�
of which�
�
�



grassland�



1.05�
�



arable land


of which


maize


grains


potatoes


sugar beets


other�



0.81





0.22


0.19


0.18


0.12


0.11�
�



horticulture�



0.11�
�



no crop


�



0.01�
�



Livestock numbers in the Netherlands rose rapidly until 1994 but have remained stable since then. The composition of this livestock in 1996 is given in table 2. After chickens, pigs, cows and sheep are the most numerous. 


It is expected that both the area under agriculture and the number of farms will decline in future, and the remaining farms will become increasingly specialised and larger. Growth in production will be markedly less than in the past, partly due to European policy of restricting production levels.





In 1995 agriculture generated a gross added value of NLG 20.4 billion, contributing 3.7% of the gross national product (GNP). This has declined since then. The supply and processing industries, the so-called ‘agribusiness’ generate a similar level of added value. The Dutch agriculture and horticulture accounts for an important share of foreign trade: 15% to 20% of imports and 25% of exports [1].








Table 2: The livestock of the farmers in the Netherlands in 1996 [2].


 


�
Number in 1996


(in million)�
�



chickens�



91.4�
�
pigs�
14.4�
�
cows�
4.6�
�
sheep�
1.6�
�
turkeys�
1.3�
�
horses�
0.1�
�
goats


�
0.1�
�






�
2. Manure and fertilizers





2.1 Introduction


De production of manure is the last five years about 640-685 million kg N and about 90-96 kg P per year. The farmers applied in 1996 528 million kg N from manure and 382 million kg N from fertilizers [3]. With the manure and fertilisers they also applied 111 million kg P (see table 3). In the Netherlands it is not allowed to apply sewage sludge because of its high concentration of contaminants like heavy metals and PAH.





Table 3:	The amounts of nitrogen and phosphorus applied on agricultural land with manure and fertilisers in the Netherlands in 1996 (in million kg and kg/hectare) [3].





�
N


(million kg)�
N


(kg/hectare)�
P


(million kg)�
P


(kg/hectare)�
�
manure�
528�
275�
82�
43�
�
fertilizer�
382�
198�
29�
15�
�
total�
910�
473�
111�
58�
�



The applied amounts of nitrogen and phosphorus are higher in the south and the east of the Netherlands than in the other parts. Figure 1 illustrates this for phosphorus expressed as phosphate (P2O5).








{figure will be added later}





Figure 1:	The spatial distribution of the applied amounts of phosphate in the Netherlands in 1990.





The applied amounts of nitrogen and phosphorus on agriculture land in the Netherlands are one of the highest in Europe. For instance the application of nitrogen fertiliser was in 1993 about 185 kg N per hectare. In other European countries the application varied from 52 (Italy) to 118 kg N per hectare (Denmark) [2]. About half of the applied amounts are taken up by the crops or evaporates (in case of nitrogen), which leaves about 473 million kg N and 66 million kg P behind in the soil in 1996 [3].





2.2 Inputs to surface waters


The surface waters are contaminated with nitrogen and phosphorus by a number of emission pathways. The most important pathways are:


leaching (including drainage water)


surface runoff


direct emissions during manure and fertilizer spreading.





The surface runoff and leaching mentioned in this paper is always the runoff and leaching from soils used by agriculture including the background load.





The surface water loads due to surface runoff and leaching are about 86 million kg nitrogen and 5.2 million kg phosphorus in 1993 [4]. As is showed in table 4 surface runoff and leaching are the main agricultural pathways for nitrogen and phosphorus. Even the industries and municipal wastewater treatment plants discharge lesser loads of nitrogen and phosphorus than agriculture.





Table 4:	The surface water loads of nitrogen and phosphorus in the Netherlands in 1985 and 1995 (in million kg/year) [5].





�
Nitrogen


(million kg/year)�
Phosphorus


(million kg/year)�
�
�
1985�
1995�
1985�
1995�
�
industry�
14.3�
4.1�
12.80�
3.45�
�
municipal�
44.1�
44.6�
12.29�
4.20�
�
atmospheric deposition�
23�
5,3�
-�
-�
�
agriculture


of which


runoff and leaching�
78.8





      68.4�
92.7





      86.4�
5.62





      4.80�
5.58





      5.16�
�
Total�
160�
147�
30.7�
13.2�
�



The water quality of the main rivers (Rhine, Meuse and Scheldt) is mainly determined by border crossing loads. The concentrations of nitrogen and phosphorus in these rivers are significant decreased in the last decade. Still the concentrations of phosphorus exceed the water quality standard. In the small waters the concentrations of nitrogen and phosphorus are even higher than in the main rivers. Mainly agriculture is hold responsible for these high concentrations in the small waters. In about ¾ of the number of lakes, canals and ditches the nitrogen and phosphorus concentrations exceed the water quality standards. This surplus of nutrients in the small waters leads to an excessive grow of algae and higher plants, more particles in the water and a decrease of the biodiversity, which is called eutrophication.





2.3 Policy


The national target for the reduction of mineral loads (all sources) to surface waters in 1995 was 50% compared to 1985. In the long term the targets are 70% (N) and 75% (P) reduction compared to 1985. For nitrogen the target for 1995 is not reached, as is shown in table 4, due to an increase of the agricultural loads. For both nitrogen and phosphorus agriculture is the main source. As said before also the concentrations of nitrogen and phosphor are still exceeding the water quality standards. To tackle these problems extra measures are announced in the fertiliser policy (Integral Policy Memorandum on Fertiliser and Ammonia). In the past the policy targets were focused on decreasing the applied amounts of manure and fertiliser. The current policy targets are focused on the net losses of minerals. This is the difference between the amount of minerals put into the agricultural system and the amount removed with the crops. The net losses have to decrease from [6]:


17 kg P per hectare in 1998 to 9 kg P per hectare in 2008-2010, 


300 kg N per hectare in 1998 to 180 kg N per hectare in 2008-2010 for grassland and 


175 kg N per hectare in 1998 to 100 kg N per hectare in 2008-2010 for arable land.





For the years between 1998 and 2008 also targets are set. To stimulate the farmers to reduce the net losses, they have to pay levies when they do not meet the targets in time. The Dutch Government has introduced a manure accountancy system to implement this fertiliser and ammonia policy.


Model simulations show that the leaching of nutrients will decrease significantly [4]. The leaching of nitrogen will decrease faster then the leaching of phosphorus because of a great difference in behaviour in the soil. Nitrogen reacts more direct to changes in application of manure and fertilizers then phosphorus. The soil is loaded with phosphorus due to the application of to many manure in the past. This loading is still going on until the targets for the net losses are met, with the consequence that the leaching of phosphorus is changing very slow. The expectation is that these measures are not enough to meet the input targets and water quality standards for phosphorus and nitrogen in the short terms.





A recent study shows that it will be possible to meet the quality standard for groundwater (EU nitrate directive) in the most regions in the Netherlands with the current policy. But in some regions, with sandy soil, additional measures will be necessary to meet the target of the nitrate directive.





2.4 Models


In the Netherlands we use the model ANIMO to calculate the runoff and leaching of nutrients to surface waters. This model simulates the behaviour of nitrogen and phosphorus in the soil system and calculates the nitrogen, ammonia and phosphor loads to groundwater and surface water [4]. The most important input parameters are the water management, soil characteristics, land use and input of nutrients (manure, fertilisers and atmospheric deposition). Figure 2 shows a schematic overview of the input, output and behaviour of nitrogen and phosphorus in the root zone of the soil. Three national institutes (RIZA, RIVM en Staring Centrum) are now working on an instrument, called STONE, that besides ANIMO also contains models for the manure and fertiliser input and the atmospheric input.








�





Figure 2:	Schematic overview of the input, output and processes in the root zone of the soil in the simulation model ANIMO.


�
3. Pesticides





3.1 Introduction


With an increasing scale and specialisation of the Dutch farms also the use of pesticides is increased. In the mid eighties the farmers used over 22 million kg of pesticides (active ingredients) to protect their crops against all kinds of plagues [7]. This was about 20 kg of active ingredients per hectare arable land. Compared to other Western European Countries this was an extreme amount: Germany used about 4 kg/hectare and France 6 kg/hectare. By now the use of pesticides is reduced to about 12 million kg per year or about 12 kg per hectare per year. This amount is still very extreme compared to other European countries, except Belgium where the use in 1993 was about 13 kg per hectare per year [2].





It was clear to the Dutch Government that it was necessary to tackle the increasing use of pesticides and the influence of this use on the environment. In 1991 the Ministry of Agriculture, Nature Management and Fisheries presented the Multi-Year Crop Protection Plan with three main objectives [7]:


Decrease of the use of pesticides (50% in 2000).


Decrease of the inputs of pesticides to the environment (for surface water >70% in 1995 and >90% in 2000).


Decrease of the dependency of agriculture on pesticides.





In 1986 the use of pesticides was 23 million kg active ingredients and decreased  to about 12 million kg in 1997. The great difference between those years is the use of soil disinfectants: 12.5 million in 1986 and 1.6 million kg in 1997. The immense decrease of the use of soil disinfectants is due to a strict  regulation of  the use and a change in agricultural practice (for instance a broader crop rotation). Further the use of fungicides is significant increased, which is mainly due to the difference in meteorological circumstances between those years.





Table 5:	The use of pesticides in the Netherlands in 1986 and 1997 (in million kg active ingredients) [8].


�
1986�
1997�
�
Soil disinfectants�
12.5�
1.6�
�
Fungicides�
3.6�
4.9�
�
Herbicides�
3.8�
3.8�
�
Insecticides�
0.6�
0.6�
�
Other�
1.2�
1.3�
�
TOTAL�
23.1*�
12.2�
�
* Including 7% not registered by Nefyto





3.2 Inputs to surface waters


As a result of the Multi-Year Crop Protection Plan the use of pesticides has decreased. This decrease of the use has also reduced the inputs to the environment. In 1995 the year inputs to surface water were decreased with 70% compared to the reference period (1984-1988). In figure 2 the inputs to surface water in 1995 are compared to the average inputs per year in the reference period. The reduction of  and change in the use of pesticides by agriculture is only partly responsible for the decrease of the inputs of pesticides to surface water. Especially leaching has decreased by the decrease of soil disinfectants and a decrease of the use of pesticides which are susceptible to leaching. There are also some input abatement measures taken that are responsible for the other part of the decrease. For surface water the most important  measures are:


Cleaning of spraying equipment inside with water from a special tank on the equipment and spraying this cleaning water over the crop.


Re-use of bulb disinfection water.


Recirculation of drain water from greenhouses.


Re-use of condense water in greenhouses.


Rinsing of packing.
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Figure 2:	The inputs of pesticides to surface waters in the Netherlands in the period 1984-1988 (average) and in 1995 (in kg per year), as a total and for each emission pathway [9].





Remarkable is that the input of spraying drift has not changed until 1995. The main reason is that the use of pesticides which contribute to this pathway, has hardly changed and no measures are taken to decrease spraying drift. For water quality this pathway is very important because the load pollutes the surface water at the moment of spraying, causing a high concentration of the used pesticide in the ditch near the field.





An important pathway for the surface water load is the atmospheric deposition of pesticides. In the framework of the Multi-year Crop Protection Plan atmospheric deposition is not taken into account with the inputs because it is considered as transport of pesticides in the environment and not the input into the environment. The atmospheric inputs to surface water are about 114.000 kg in 1990 [9]. Atmospheric deposition is over 2 times as large as the pesticide inputs to surface water of the pathways mentioned before together. This is a very rough estimation based on a model simulation of the evaporation and atmospheric transport of a limited number of pesticides [9, 10]. 





3.3 Policy


A study on pesticide concentrations in surface water over the years 1992 and 1993 in the Netherlands shows that the concentrations of one or more pesticides on 70% of the examined locations are higher than the water quality standards. Over 80% of the 159 examined pesticides is detected in surface water. In small water bodies is the concentration of 47% of the examined pesticides higher than the water quality standard. To improve the water quality it is necessary to reduce the inputs of spraying drift. The Ministry of Transport, Public Woks and Water Management is preparing a regulation for arable crops and cattle farms based on the Surface Waters Contamination Act to decrease the inputs of nutrients and pesticides to  surface water. A main item in this regulation is the reduction of spraying drift by at least 90%. The proposed abatement measures for the year 2000 in the draft regulation are [11]:


no spraying on incline of ditches,


use special nozzles for the spraying equipment,


use nozzles that cause less drift,


spraying with the nozzles not higher than 50 cm above the crop,


no application by spraying when the wind speed exceeds 5 m/s,


a crop free zone near ditches of 0.25 to 1.5 m depending on the crop.


In 2003 the crop free zone increases for all crops with 0.75 m.


These measures shall reduce the drift input by more than 90%.





3.4 Models


To calculate the inputs of pesticides to surface waters the model PESCO was developed [12]. PESCO is a spreadsheet that contains the pathways mentioned in figure 3. The use of pesticides, divided into 80 districts, multiplied with an emission factor gives the input to surface water. The emission factor is specific for each pathway. For some of the pathways, like leaching, this factor is also specific for each district. PESCO gives a rough estimation of the inputs. We are working on a more detailed model, called PEGASUS [13], which now only contains the pathways spraying drift and leaching to surface waters.


Especially for groundwater a few models are available that simulate the behaviour of pesticides in the soils and calculate the leaching of pesticides to the groundwater. These models are called PESTLA (used for the registration of pesticides in the Netherlands [13]) and PESTRAS [14].





(Figure will be added later)





Figure 3: Some relevant pathways of the inputs of pesticides to surface waters.�
4. Research needs





4.1 Introduction


Unless the policies and the measures that have been and will be taken the agricultural inputs of nutrients and pesticides have to decrease. The research items presented in this chapter will contribute to a further decrease of the impact of agriculture on the Dutch surface waters.





4.2 Research needs manure and fertilizers


Field measurements to quantify the emission pathways of nutrients and validate the simulation models.


Pilot study to get an overview of the basic information used in runoff and leaching models for nutrients and to come to a more uniform approach of the estimation of these inputs to surface waters. This information is also useful to identify vulnerable regions. 


Runoff and erosion of nutrients under the specific Dutch conditions.


Exploring the effect of new abatement measures to reduce the phosphate and nitrogen inputs to surface water and groundwater. 


Estimation of the impact of the Nitrate Directive on the use and inputs to surface waters of minerals.


Information about cost-effectiveness of abatement of emission reducing alternatives.


Combined effects of nutrients and pesticides on water organisms.


Water type and/or regional dependent quality standards.





4.3 Research needs pesticides


Field measurements to quantify the emission pathways of pesticides and validate the simulation models.


Runoff and erosion of pesticides under the specific Dutch conditions.


Measurements of pesticide concentrations in air and rainwater to improve the calculation of the atmospheric deposition of pesticides.


Exploring the effects on water quality of new methods for reducing spray drift.


Estimation of the impact of the Pesticide Directive on the use and inputs to surface waters of pesticides.


Information about cost-effectiveness of abatement of emission reducing alternatives.


Combined effects of nutrients and pesticides on water organisms.
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