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There is a net surplus application of nitrogen to the Danish fields compared with the recommended needs for the optimal growth of the crops, but it seems that this surplus application has a tendency to decrease. Phosphorus is also applied to the fields in excess, this surplus has diminish by one half in the period 1985 to 1996. It is estimated that changes in agricultural practice have led to a decrease of about 17% in the nitrogen leaching from the root zone. However, it has not been possible to demonstrate this by means of measurements in the groundwater or in the watercourses. Most of the phosphorus load of the surface waters from agriculture does not reach the streams through groundwater magazines but through superficial run-off from the fields and through drainpipes. This results in rather high losses of phosphorus from the cultivated land and in rather high concentrations in the streams.  








Introduction





Nitrogen loading of groundwater and surface waters is mainly attributable to leaching from the root zone of farm land. In most parts of Denmark the farming practice is very intensive and the use of fertilisers and manure has been optimised for economic   reasons. Curtailment of the nitrogen loading was one of the main goals when in 1987 Denmark established the National Action Plan (I) for the Aquatic Environment. The goal was to reduce the annual leaching from 260,000 tonnes of nitrogen year-1 to approximately 130,000 tonnes of nitrogen year-1 within a 5-year period. The time span for fulfilment of this goal was subsequently extended to the year 2000 in the Action Plan for Sustainable Agricultural Development. A number of binding regulations were introduced and decisions were made to enhance the provision of information and advice to the farmers so as to ensure that the necessary changes were made in the agricultural practice.





On the basis of results of reducing the nitrogen leaching from the root zone until 1997 it was concluded that the goal of the National Action Plan (I) was not fulfilled with the regulations introduced. Therefore in 1998 an Action Plan II was passed by the Danish Government which introduced stronger regulations regarding the use of manure and fertilizers, plans for more ecological farming, wooded areas and more wetlands, etc., to attain the reduction goal. 





The effects of the measures are evaluated below, partly on the basis of changes in leaching from the root zone, the nitrate content of the groundwater under farm land, and the nitrogen loss to watercourses.





Investigations during the past few years have clearly shown that the load of surface waters with phosphorus from the cultivated land is considerable. Therefore also the phosphorus load must be taken into account when evaluating the nutrient pollution of surface waters from agriculture.





Information of the impact when using pesticides on farm land is accumulating, but knowledge needs to be improved. Therefore the National Monitoring Programme from 1998 intensifies the surveillance of both pesticide residues and other environmentally hazardous substances in ground and surface waters. 











1.	Some statistics of agriculture in Denmark





1.1	Area of farm land and cropping patterns





The total area of Denmark is 43,094 km2, of which 27,563 km2 (64%) are farm land. Arable area by type of crops [1] is given in table 1.





Crops�
Per cent of cultivated area�
�
Cereals�
53.1�
�
Pulses�
2.7�
�
Root crops�
6.0�
�
Seeds for industrial use�
5.7�
�
Seeds for sowing�
2.3�
�
Grass and green fodder in rotation�
14.7�
�
Horticultural products�
0.9�
�
Permanent grassland�
14.6�
�
Total�
100.0�
�
Table 1. Arable area by type of crops in Denmark, 1995.








1.2 Application of fertilizers to the fields





The application of fertilizers in agriculture changes with the pattern of the crops, number of livestock, the price of the fertilizer and the annual recommendations. 





There is a net surplus application of nitrogen to the Danish fields [2]. In the period from 1985 to 1996 the net surplus of applied nitrogen to the fields was reduced from 133 kg N ha-1 year-1 to 99 kg N ha-1 year-1, representing a reduction of 19% (Table 2).





�
kg N ha-1 year-1�
�
�
1985�
1995�
1996�
�
N in commercial fertilizer�
138�
113�
105�
�
N in manure�
74�
92�
94�
�
N in sewage sludge�
0�
2�
3�
�
N totally applied �
261�
237�
231�
�
N in crop production�
129�
131�
132�
�
N: Applied – crop production�
133�
106�
99�
�
Table 2. Nitrogen application in agriculture in Denmark 1985, 1995-96 [2].








There is also a surplus application of nitrogen to the fields compared with the recommended needs for the optimal growth of the crops. It has been calculated that an amount of nitrogen of 26 to 45 million kilogrammes more than recommended is applied (Figure 1). It seems that this surplus application compared with the needs of the crops has a tendency to decrease. There is a surplus application of N in about 20% of the farmland in Denmark.





Phosphorus is also applied to the fields in excess (Table 3). The application of fertilizers is reduced in the period from 1985 to 1996 by about 50%, while the applied amount of  manure has increased slightly. Phosphorus in the manure now constitutes about 70% of the total amount applied. The surplus amount applied has decreased in the same period from about 15 kg ha-1 to 8 kg ha-1 in 1996. In the soil a large reserve of phosphorus has accumulated.





�
kg P ha-1 year-1�
�
�
1985�
1995�
1996�
�
P in commercial fertilizer�
16.7�
7.8�
7.6�
�
P in manure�
16.9�
17.8�
18.1�
�
P in sewage sludge�
0�
1.8�
1.8�
�
P totally applied �
33.6�
27.4�
27.5�
�
P in crop production�
18.9�
20.2�
19.6�
�
P: Applied – crop production�
14,7�
7,2�
7,9�
�
Table 3. Phosphorus application in agriculture in Denmark 1985, 1995-96 [2].











2.	Investigations of nitrogen and phosphorus leaching





From the beginning of 1988/89 detailed investigations of the nitrogen and phosphorus load, etc. from 6 small catchments in Denmark have been carried out (Figure 2) [2]. These sites are: Lolland (catchment 1), Northern Jutland (catchment 2), Eastern Jutland (catchment 3), Funen (catchment 4), Mid Jutland (catchment 5), Southern Jutland (catchment 6).





The purpose of these investigations was to detect the effects of the implementation of the National Action Plan for the Aquatic Environment passed by the Danish Government in 1987. The catchments have been selected to represent the average of the country regarding type of soil, climate, livestock and cropping patterns, etc., 3 of them representing clayey soils and 3 representing sandy soils. The investigations in the 6 agricultural catchment monitoring sites include:





soil classification and geology


cropping pattern


water run-off, quantity and quality


measurements of precipitation


water in soil, concentrations of nutrients


measurements of drainage water


measurements of ground water


stations in watercourses


measurements of pesticide content in the upper (secondary) ground water.





Many of the statistics mentioned below are extractions from this detailed investigations of these 6 small catchments.








2.1	Diffuse nitrogen loading from cultivated land





2.1.1 	N-leaching from the root zone





Nitrogen loading of groundwater and surface waters is mainly attributable to leaching from the root zone. Measurements carried out at the 6 catchment monitoring sites mentioned above in the period 1993-96 show that the annual average soil water NO3-N concentrations range from 13,7 mg NO3-N l-1 to 27,5 mg NO3-N l-1 in the 6 catchments (Table 4) [2].








�
Tot-N


mg l-1�
NO3-N


mg l-1�
�
Clayey soils


Lolland (catchment 1) 


Funen (catchment 4)


Eastern Jutland (catchment 3)�



18.1


14.4


17.8�



17.6


13.7


14.9�
�
Sandy soils


Northern Jutland (catchment 2)


Mid Jutland (catchment 5)


Southern Jutland (catchment 6)�



29.9


23.1


23.1�



27.5


21.5


21.6�
�
Table 4. Annual average NO3-N in soil water N (mg NO3-N l-1) in 6 catchments [2]. 





The annual N-leaching from the root zone coincides in particular with the yearly precipitation and the mineralizing processes in the soils. In this way the N-leaching varies substantially depending on the annual variations in the climatic conditions. Thus, its is not easy to interpret monitoring data from a restricted number of years regarding the effects of the National Action Plan. 





In Figure 3 the annual water run-off is presented together with the N-leaching from the root zone and the concentration levels of nitrogen in soil water in the 6 catchments grouped in clayey soils and sandy soils, respectively. This presentation demonstrates an intimate connection between the yearly run-off and the N-leaching. Especially the very low water run-off in 1995/96 resulted in a very low N-leaching, thus the N-leaching measured was only 0-11% from the clayey soils and 23-52% from the sandy soils compared with the average N-leaching during the previous six years.





On account of the difficulties in interpreting the yearly measurements of the N-leaching from the root zone calculations with models are employed to calculate a yearly N-leaching based on a “normalised” yearly climate (Figure 4). It is observed that in the period from 1989/90 to 1995/96 a general decrease in the calculated normalised yearly N-leaching from the root zone took place. On the average the calculated level is about 17% lower in the catchments, although there are substantial variations between the calculated levels of the N-leaching of the catchments with clayey and sandy soils, respectively. In 1995/96 the N-leaching from the root zone in clayey soils was about 35 Kg N ha-1 year-1, while the N-leaching from the sandy soils was twice that amount, about 71 Kg N ha-1 year-1 (normalised numbers). The differences are the results of both soil type and farming practice (crop farmer/livestock farmer). 








2.1.2	Nitrogen load of watercourses 





The resulting load of nitrogen to the surface waters depends on the N-leaching from the root zone and in particular on the denitrification processes taking place, while the nitrogen is transported from the soil matrix to the streams. In clayey soils the water run-off especially takes place through the superficial soil stratum and through drain pipes. In sandy soils the transportation of nitrogen takes place especially through the groundwater magazines [2]. 





Despite the fact that the N-leaching from the sandy soils is twice the amount from the clayey soils, the ongoing denitrification processes give as a result that the concentration of nitrogen in the watercourses, which drain the catchments, is higher in areas with clayey soils than in areas with sandy soils (table 5). In sandy soils a large part of the nitrogen leaching from the root zone percolates through the groundwater magazines, in which a large amount of the NO3-N is transformed to N2-gas depending on the content of organic matter and pyrite in the soil. Thus, the resulting loss of nitrogen to the surface waters is larger from clayey catchments than from sandy catchments (table 5).





�
Average yearly concentration of 


nitrogen in water courses mg N l-1�
Loss of nitrogen 


to surface waters from cultivated areas


kg N ha-1 year-1�
�
Clayey soils:�
�
�
�
catchment 1�
8.8�
22.4�
�
catchment 4�
11.5�
32.7�
�
catchment 3�
7.4�
24.6�
�
Sandy soils:�
�
�
�
catchment 2�
7.3�
16.1�
�
catchment 5�
2.7�
13.0�
�
catchment 6�
1.6�
7.6�
�
Table 5. Concentrations of N in water courses and the total loss of 


nitrogen to surface waters from the 6 catchment sites divided into clayey 


and sandy soils [2].





On the basis of model analyses of the collected data for nitrogen leaching, transport and turnover, respectively, the nitrogen cycle in the clayey and the sandy soils in the 6 catch�ments in Denmark is scheduled in Figure 5.








2.2	Diffuse phosphorus loading from cultivated land





In general the phosphorus concentration in soil water is small. Thus, the concentrations of ortho-P in the soil water of clayey soils were about 0.011 mg P l-1 and in sandy soils 0.014 mg P l-1 measured in the period from 1989/90 to 1995/96. The P-leaching from the root zone was correspondingly small, 0.037 kg P ha-1 year-1 in catchments with clayey soils and 0.053 kg P ha-1 year-1 in catchments with sandy soils [2].





But most of the phosphorus load of the surface waters from agriculture does not reach the streams through groundwater magazines but through superficial run-off from the fields and through drainpipes. The load from the fields is difficult to estimate, one of the reasons being the outlets from scattered dwelling houses in the cultivated land. The average concentrations of total phosphorus in drainage water from different locations in the 6 catchments over the last 7 years have been measured from 0.032 mg P l-1 to 0.058 mg P l-1, i.e. a good deal above the concentrations of phosphorus in soil water. The calculated loss to surface waters from drainage has been calculated from 0.041 kg P ha-1 year-1 to 0.060 kg P ha-1 year-1.





Investigations have indicated that the measurements have most likely underestimated the amount of phosphorus transported in the drains, because it occurs periodically in case of high incidences of precipitation, and the sampling frequency has only been every second week. Very intensive measurements taken every hour indicate that the above mentioned average concentrations have been underestimated by 25% to 50%.





In addition to the load from the drain pipes phosphorus is transported to the water�courses by superficial water run-off of surface of the ground. The total load results in rather high losses of phosphorus from the cultivated land and rather high concentrations in the streams (Table 6).





�
Average yearly concentration of 


phosphorus in watercourses


mg P l-1�
Loss of phosphorus


to surface waters from cultivated areas





kg P ha-1 year-1�
�
Clayey soils:�
�
�
�
catchment 1�
0.120�
0.23�
�
catchment 4�
0.193�
0.51�
�
catchment 3�
0.135�
0.40�
�
Sandy soils:�
�
�
�
catchment 2�
0.109�
0.24�
�
catchment 5�
0.072�
0.29�
�
catchment 6�
0.083�
0.37�
�
Table 6. Concentrations of phosphorus in watercourses and the total loss of 


phosphorus to surface waters from the 6 catchment sites grouped in clayey 


and sandy soils [2].











Overall evaluation of the trends in nutrient loading of ground 


and surface waters from agriculture





An important step towards reducing nutrient load from agriculture was taken when the National Action Plan (I) for the Aquatic Environment was passed by the Danish Government. The storage capacity for animal fertilizers (manure) has expanded considerably. It is also important that new and improved application equipment is now being utilised. 





Fertilization in excess with nitrogen still takes place, partly because the improvements in animal fertilizer application practice have not resulted in a sufficient reduction of the consumption of commercial fertilizers. It is estimated that the observed changes in agricultural practice have led to a decrease of about 17% in the N-leaching from the root zone. However, it has not been possible to demonstrate this directly by means of measurements of the concentration in the groundwater or in the watercourses.





The National Monitoring Program has revealed that the load of phosphorus to surface waters from the cultivated land is of more significant than was assumed before. In the soil a large reserve of phosphorus has accumulated. 





It is estimated that the actions of the Action Plan II passed in 1998 make it possible to fulfil the goal of reducing the leaching of nitrogen by 50% from the farm land. 











4. 	Research and Development needs





In relation to constraint with the EU policy on nutrient and pesticides (the Nitrate Directive and the Pesticide Directive), some research and development needs is listed below.





As mentioned above the state of coastal waters is greatly influenced by the activities on the land, and management initiatives in the river basins are of great importance to coastal water quality. Research and development (R & D) needs for coastal water management in this paper are confined to what concerns the removal and degradation of nutrients in the river basin level.








4.1 R & D Needs – Groundwater





colloid transport of pesticides


the significance of preferential flow and paths with respect to transport of pesticides from the sub soil to the subsurface and ground water


transport, sorption and degradation studies at field scale (sorption and degradation in natural environments)


studies of the fate of metabolites (e.g. of pesticides) that may have higher solubility and toxicity than the compounds from which they were formed


significance of nitrate as a oxidising agent that may change the redox conditions and the geochemistry of the groundwater aquifer, e.g. mobilise trace metals from minerals


development of sensors and on line groundwater monitoring techniques for biological and chemical components








4.2	R & D needs - streams, rivers, and the riparian area





R & D - strategic studies:





-	the potential of riparian bogs and wet meadows for nitrogen removal through denitrification at a sustainable level, including an assessment of the risk of simultaneous release of phosphorus, iron, and other harmful substances, and the resultant effects on natural plant and animal communities


-	biological interactions between streams and riparian areas and the importance of riparian areas in reducing sediment and phosphorus input


-	the significance of riparian areas as habitats and corridors between different ecosystems


-	the effects of pesticides and other environmentally hazardous substances on stream biota.


-	the significance of different forestry strategies for accelerating acidification


- the significance of European streams for biodiversity





R & D - monitoring activities:





-	assessment of concentrations, transport and fate of pesticides, heavy metals and other toxic substances


-	development of comparable methods to assess stream quality, including the riparian areas, and development of integrated quality parameters


-	online techniques and sensor development for early warning and long time monitoring





R & D - management and restoration





-	the impact of different strategies in agriculture and forestry on streams and riparian areas


-	documentation of different methods for restoring the physical properties of canalized and regulated streams, and the surrounding riparian areas


-	the possibilities of restoring bog swamps and wet meadows to their previous structure and function


- methods for ecologically appropriate stream maintenance








4.3	R & D needs - lakes





Investigations on brackish and saline lakes are more limited, and available evidence indicates that their response to increased nutrient loading differs significantly from that of freshwater. Thus, the R & D needs for brackish and saline lakes are different from those of freshwater lakes.





4.2.1	Freshwater Lakes





R & D - strategic studies:





-	the response of shallow/deep lakes to reduced nutrient loading, the critical nutrient,  chemical, and biological resilience


-	lake nutrient removal capacity at different levels of eutrophication and biological structure


-	the natural state of different lakes through paleolimnological studies, which are important considering lake restoration and setting up goals and quality criteria for lakes


- assessment of impacts of pesticides, heavy metals and other toxic substances on lakes biotic


-	the significance of different forestry strategies for accelerating acidification


- the significance of European lakes for biodiversity





R & D - monitoring activities:





- development of comparable ecological methods to assess lake quality


-	development of automatic sensors and online techniques for chemical and biological variables





R & D - management and restoration





- possibilities to reduce non-point load of lakes


- methods to accelerate lake recovery


- the effects of fish stocking on recreational/commercial fishing


- the impact of commercial fishing (methods, catch) on the lake environment


- management strategies for optimising multiple uses (water level, etc.)





4.2.2. Brackish and Saline Lakes





R & D needs - strategic studies:





- the effects of different nutrient levels on the biological structure including critical limits


- physical, chemical and biological interactions


- the response of brackish lakes to reduced nutrient loading; does resilience occur


- the natural state of brackish lakes (paleolimnological studies)


- the significance of European brackish lakes for biodiversity





R & D needs - monitoring activities:





-	the monitoring activities are very limited, and there is a need for an assessment of the state of these lakes as well as for development of comparable ecological methods.





R & D needs - management and restoration





-	difficult to evaluate, but they will probably include the same parameters as freshwater lakes, but with a different approach.
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