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BASIC STATISTICS FOR SWEDISH AGRICULTURE



Land use



The total area of arable land in Sweden is about 2.8 million hectares (1996) and the number of farming enterprises are about 90 000. Of these, 14 000 specialise in crop production, 34 000 combine animal husbandry and crop production and 35 000 are smallholdings. Most of the arable land in Sweden (about two-thirds) is used for cultivation of fodder grain or is under ley (fig. 1). Cultivation of sugar beet, potatoes and oilseeds is concentrated in the south of Sweden where the conditions for these crops are more favourable. 
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Fig. 1. Use of arable land in 1996. (Statistics Sweden)

�Nutrients



Nutrient balances done by Statistics Sweden show a moderate average surplus of both nitrogen and phosphorus applied to arable land (Table 1). However, there are large variations, and in  areas where the animal density is high the surplus of nutrients are considerably larger. On average, there has been no improvement in nutrient utilisation in recent years according to Statistics Sweden. However, nutrient handling has improved which is a necessary condition for an improvement in nutrient utilisation. Today more manure is applied during spring and summer operations instead of during the autumn compared to previous years (Figure 2) and standard yields are increasing without being accompanied by a corresponding increase in input of N by fertiliser or manure. 



Table 1. Nitrogen and phosphorus balances in arable land

in 1995. (Statistics Sweden)

�Nitrogen�Phosphorus���Kg ha-1�Kg ha-1��Input����Fertiliser�72�7��Manure�25�7��Manure from grazing�12�1��Seed�2�0.3��Deposition�7�0.3��Sewage sludge�1�1��Symbiotic fixation�10�-��Sum�128�17������Output����Harvest�83�13��Harvest of straw�2�0.3��Sum harvest products�85�13������Surplus�43�4��
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Figure 2. Application of manure in 1994 divided between spring and autumn applications. 

�Pesticides



There are two different kinds of statistics concerning pesticide usage in Sweden. One is based on sales figures reported yearly by manufacturers and their Swedish sales agents to the Swedish National Chemicals Inspectorate. This compilation gives a national overview of the sale of different active ingredients (AI) each year. The other is based on interviews, carried out every second year, of about 4% of Swedish farmers and reflects the use of pesticides. This compilation gives a national and regional overview, as well as the distribution between different crops, and of the use of pesticides grouped as herbicides, fungicides and insecticides (but not for different active ingredients). 



The total sale of pesticides to agriculture in Sweden during 1994 was 1 961 tons of active ingredient, distributed between herbicides (1 551 tons), fungicides (280 tons), insecticides (41 tons) and seed dressings (90 tons). The sale of pesticides for that year was higher than the actual use, since an expected increase in prices caused farmers to hoard. 



The total number of AI's registered in Sweden is ca. 240, and includes around 500 different products. Only about 35% of all the AI's are registered for use within agriculture, with the following distribution: 35 herbicides, 16 fungicides and 13 insecticides, with an additional 10 pesticides used for seed dressing only.  All active ingredients, apart from seed dressings, registered for use within agriculture in Sweden in 1995 are listed in Table 2, along with their mean annual use from 1990 to 1994. It must be noted that some of the pesticides listed in the table are also registered for use in other sectors of society (e.g. horticulture, forestry and/or industry), and that this use is included in the sales figures. Table 2 also includes information on which AI's can be analysed at low levels in water and whether all laboratories include them in their analytical procedure or if only some laboratories have this facility. It is also indicated in the table if the level of detection is above 0.1 µg/l as in the EU drinking water directive. More high volume compounds of herbicides and insecticides, than of fungicides, are included in the general analytical procedures run by the laboratories, with about 55% of the total tonnage of herbicides and insecticides, respectively, included but less than 10% of the fungicide tonnage. All fungicides are also analysed at a higher detection level. 



The total �use of pesticides within agriculture in Sweden during 1994 was about 1 150 tons of active ingredient, distributed between herbicides (880 tons), fungicides (225 tons), insecticides (25 tons), growth regulators (15 tons) and top killers (5 tons). The total crop area treated with herbicides was 45%, with fungicides 7% and with insecticides 14%. The average dose of active ingredient was 0.8 kg/ha for herbicides, 1.2 kg/ha for fungicides and 0.07 kg/ha for insecticides. Low-dose herbicides were used on nearly 50% of the total arable area, with a per hectare-dose of 0.004 kg/ha, whereas the average fungicide dose to potatoes was 7.5 kg/ha. About 50% of Swedish farmers use herbicides, fungicides or insecticides as a mean for the whole country. There were large differences though between different regions, different crops and different sizes of farms. On farms with more than 100 ha of arable land, 85% of the farmers used pesticides. In the northern part of Sweden very few pesticides were used (less than 2% of the total use of pesticides), whereas 44% of the total use of pesticides was found in the intensively cultivated two southernmost counties of Sweden. 



�Table 2. Active ingredients registered for use in agriculture in Sweden (1995), not including seed dressings, and their mean annual use 1990-1994#*				

Herbicides�Tonnes/y��Fungicides�Tonnes/y��Insecticides�Tonnes/y��benazolin�4.1��bitertanol^�4.0��alpha-cypermethrin�0.4��bentazone�55.3��carbendazim�2.3��carbosulfan^�7.2��chloridazon^�28.4��copper hydroxide�7.6��cyfluthrin^�1.3��chlorsulfuron�1.0��copper oxychloride�12.1��cypermethrin^�0.2��clopyralid^�4.0��fenpropimorph^�30.7��deltamethrin�0.9��cyanazine�3.8��fluazinam�19.1��dimethoate�1.2��cycloxydim�4.6��iprodione^�2.7��esfenvalerate�2.4��desmedipham�0.0��mancozeb�196.8��lambda-cyhalothrin�0.2��dichlorprop-P�71.3��metalaxyl^�1.9��methiocarb�0.4��diflufenican�7.0��prochloraz^�9.3��oxydemetonmethyl�1.7��diquat�14.1��propamocarb�11.4��phoxim�3.0��EPTC^�2.2��propiconazole^�12.7��pirimicarb�12.2��ethofumesate�9.0��sulfur�11.0��trichlorfon�0.5��fenoxaprop-P�0.2��thiophanate-methyl�1.0�����flamprop-M^�6.4��tolylfluanid^�17.8�����fluroxypyr^�15.0��vinclozolin^�3.9�����glufosinate-ammonium�1.7��������glyphosate�235.1��������isoproturon^�61.3��������MCPA�391.0��������mecoprop-P�57.0��������metamitron^�96.2��������metazachlor�52.3��������methabenzthiazuron^�32.2��������metribuzin�5.3��������metsulfuron-methyl�0.0��������pendimethalin^�20.5��������phenmedipham�17.8��������propyzamide�n.i.��������prosulfocarb�8.7��������sethoxydim�12.5��������terbuthylazine�11.8��������terbutryn�2.9��������thifensulfuron-methyl�0.0��������tribenuron-methyl�1.0��������# = Mean annual use during years of registration if registered later than 1990	

* = Underlined pesticides: included in analytical screening procedures; Pesticides in italics: only included in screening procedures by one or two laboratories

^ = Level of detection >0.1 µg/l					

n.i. = no information							



The number of doses sold to Swedish agriculture was calculated by dividing the amounts of different pesticides sold by the recommended dose per hectare for each pesticide. The total number of doses used in 1993 was 2.9 million, which is a decrease since 1985 when the corresponding figure was 4.8 million. 



�MONITORING NETWORK - DATA COLLECTION AND STORAGE



Nutrients 



Two monitoring programmes are being carried out within the framework of the Swedish environmental monitoring programme (Swedish Environmental Protection Agency) to illustrate the influence of agricultural land use on ground- and surface waters. One of the monitoring programmes, "Agricultural fields", consists of a number of agricultural fields where the water quality in drainage discharge and groundwater is measured. The other monitoring programme, "Small catchments" consists of a number of small catchments dominated by agricultural land where the stream water quality is measured. 





Small catchments



This monitoring programme consists of a number of small catchments (2-15 km2), each having a large proportion of agricultural land. The catchments are chosen because they are typical for different types of agriculture, climates, soils, geohydrological conditions, etc. The catchments serve as indicators of how agriculture and changes in agriculture influence water quality. Stream water is regularly sampled to monitor seasonal variations in nutrient concentrations. Water discharge rates are also measured so that calculations of nutrient outflow can be made. Agricultural practices, point sources and other activities which can contribute to water pollution are registered. About 35 catchments are presently included in the programme (Figure 3). Twelve of these have been monitored since the second half of the 1980´s and the rest since the beginning of the 1990´s. The county administrative boards are responsible for monitoring activities in the their respective counties. The Swedish University of Agricultural Sciences, Division of Water Quality Management, is responsible for data storage, co-ordination, method development and making national data compilations, reports and evaluations.





Agricultural fields



This monitoring programme consists of a number of tile-drained agricultural fields (4-34 ha). The fields (16 at present), located in different districts in Sweden (Figure 3), are cultivated according to normal agricultural management practices by the local farmer. Drainage water and groundwater are regularly sampled and analysed. Water discharge rates are also measured so that calculations of nutrient outflow can be made. Crop and soil management is registered. Most of the fields have been monitored since 1977. The Swedish University of Agricultural Sciences, Division of Water Quality Management is responsible for management of the programme as well as data storage and making reports and evaluations. 
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Figure 3. Locations of small catchments (( ) and observation fields (( ) in the Swedish monitoring network.





Data collection and storage



Water discharge rates are registered continuously in all agricultural fields and in most of the catchments. In a few catchments the discharge rates are simulated using a water balance model. Sampling of stream and drainage water is done every second week while groundwater is sampled 6 times/year. Water samples are analysed for pH, conductivity, nutrients (N & P), organic carbon and suspended material. In addition, water is analysed for major constituents (K, Na, etc.) in the agricultural fields and in some of the catchments. Transport calculations are done by using daily concentration values, derived by linear interpolation of the values measured every second week, and daily discharge rates. Crop management is registered yearly for the agricultural fields programme and for the fields within the catchments. Changes made within the catchments affecting point sources are also registered. The Division of Water Quality Management at the Swedish University of Agricultural Sciences is responsible for data storage.
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Pesticides



There is no nationally organised collection of data, obtained at either a local or regional level, about detections of pesticide residues in water or sediment. The National Food Administration has the responsibility for food and drinking water in Sweden and  local authorities are obliged to report findings of pesticides in water intended for human consumption to it. However, reported findings have so far not been made accessible in a database, although there is some ongoing work in this direction.



The Swedish Environmental Protection Agency has the overall responsibility for monitoring and surveying environmental conditions in Sweden, but for the moment only persistent organic pollutants (e.g. PCB, DDT and HCH) are part of the national monitoring programmes.  From 1988 to 1991 money was allocated by central government to enable the inclusion of pesticides in regional monitoring programmes. This was utilised in certain regions for monitoring surface waters. There were large discrepancies, though, between the different programmes. Since 1995, authorities responsible for monitoring at a regional level can apply for money to include pesticides into their programmes, but so far this has only been done in two cases. One catchment in the very south of Sweden has had a more sustainable monitoring programme (Kreuger and Hessel 1998).





MONITORING RESULTS



Nutrients



For both monitoring programmes yearly national reports are made presenting summarised results. In addition, a yearly documentation and data compilation is made for each catchment in order to check data and to register changes, errors, etc. Evaluations of results from the individual catchments and national evaluations are made at longer time intervals.



Losses of nutrients from agricultural land vary widely depending on the climate, variation in weather, soils, crops and crop management. Results from the catchments represent data collected over periods longer than five years until 1996. Mean values for the agricultural fields are based on data for the period 1977 to 1995.



Catchments



The flow weighted long-term mean concentrations of nitrogen in the streams varied between 2 and 12 N mg l-1 for the different catchments. The highest mean concentration was observed in a catchment with sandy soils in southern Sweden. The lowest concentration was observed in a catchment in central Sweden with silt as the main soil type. Nitrogen losses were largest in a catchment in south-west Sweden where both discharge and nitrogen concentrations were high.



Flow weighted long-term mean values for phosphorous concentrations varied between 0.03 and 0.31 P mg l-1. The highest mean value was observed in a catchment where clay was the main soil type, and the lowest in a catchment where fine sand was the dominant soil type.







Trends in concentrations are difficult to evaluate due to the short monitoring periods. The effects of varying climate overshadowed the effects of changes in agricultural practices. Trends in decreasing phosphorous concentrations are indicated for two catchments where the investigations started in 1984. In these catchments, management of manure was changed during the period of investigation. The number of point sources and animals was also reduced.



Net losses from arable land were estimated by source apportionment. For nitrogen they varied between 7 and 63 kg ha-1 y-1 and for phosphorous between 0 and 1.4 P kg ha-1 y-1.





Agricultural fields



Flow weighted long-term mean values for nitrogen varied between 3,5 and 23 N mg l-1. The highest concentrations were observed on a field in southern Sweden with a sandy soil and intensive spreading of manure. For phosphorous the mean values varied from 0,02 to 0,49 P mg l-1. The highest value was found in the same field in southern Sweden. Nearly as high concentrations were found in a field in central Sweden with a clay soil. For other fields with sandy soils the phosphorous concentrations were low. 



Losses of nitrogen varied between 4 and 70 N kg ha-1 y-1 and phosphorous losses varied from 0,06 to 1,5 P kg ha-1 y-1.







Pesticides



Pesticides in surface waters



There was, until the mid-1980's, little information in Sweden on exposure data for current generation pesticides in surface waters. This can partly be ascribed to restrictions in analytical methods for scanning a wide variety of currently used pesticides in a single analytical run. In addition, no specific water quality standards for either surface water, irrigation water or drinking water were established for common pesticides. During the late 1980«s various programmes, with varying objectives, were set up to find out more about pesticide residues in surface waters. There are large differences between the programmes in the number of sampling sites selected, the number of samples collected and the number of pesticides included in the analyses of the water samples. A summary of the results of the different studies follows. 



From 1966 to 1969 samples were collected from 153 sampling sites along major rivers throughout the country � INVOEG  ���(Erne, 1970)� INVOEG  ���. The samples were analysed for phenoxy acids and chlorinated phenols. The detection limit was 2 µg l-1 and positive samples of phenoxy acids were found in 29% of the river water samples. Several very high residue values were measured (>1 000 µg l-1), but these, along with a major proportion of the smaller values, were known to be the result of different kinds of discharges and accidental spills. On one occasion in June 1983, five rivers in the very south of Sweden were sampled and phenoxy acids were detected in all five samples with an average concentration of 14.7 µg l-1(…resundskommissionen, 1984).









From 1985 to 1987 a more intensive programme of pesticide monitoring in stream waters was undertaken � INVOEG  ���(Kreuger & Brink, 1988)� INVOEG  ���. Methods for analysing about 80 currently used pesticides were developed � INVOEG  ���(�kerblom & Jansson, 1986)� INVOEG  ���. Streams in agricultural areas were selected and sampled at monthly intervals from May to September, with a total number of 260 samples analysed. The number of sampling sites increased from 7 to 29 during the three-year period. Eighteen compounds were identified, including eleven herbicides, two fungicides and five insecticides. The most frequently found pesticides were the phenoxy acids (63% of the positive samples) with peak concentrations at the time of spraying (May-June). During the non-spraying season the concentrations were lower, between 0.1 and 1.0 µg l-1. Throughout the three years, positive samples of one or several compounds of phenoxy acids occurred in 37% of the water samples taken in May, 78% in June, 57% in July, 24% in August and 18% in September. The maximum measured concentration of the total content of phenoxy acids in one single stream was 25 µg l-1. As well as phenoxy acids, the herbicide atrazine was found in some streams during the whole sampling season. In large catchments, or catchments where only a small part of the total area was used for agricultural production, no pesticides were found or only small amounts were detected on single occasions. Thirteen of the eighteen identified compounds were only detected in water from streams in the intensely cultivated areas in the very south of Sweden. 



In 1988, the National Food Administration investigated pesticide concentrations in municipal drinking water originating from 56 surface water supplies all over Sweden � INVOEG  ���(Sandberg & Erlandsson, 1990)� INVOEG  ���. Water from each supply was sampled on two different occasions, once in the beginning of the summer and once in the autumn. Seventeen pesticides were included in the analyses at the normal detection limits (0.1-0.5 µg l-1), and an additional 60 pesticides were included in the analyses at levels 2-10 times above the normal (�kerblom et al., 1990). Detectable amounts of pesticides were determined in three cases at low levels (0.1-0.9 µg l-1) in early summer in the untreated drinking water. However, no pesticides were detected in the treated drinking water for human consumption. The pesticides found were MCPA, dichlorprop and bentazone. 



From 1988 to 1990, many county administrations included pesticides in their environmental monitoring programmes for water pollution control � INVOEG  ���(�kerblom, 1991)� INVOEG  ���. Samples were collected from a total of 170 sampling sites in 14 counties. There were differences between the counties in sampling intensity, from once a year to twice a week during the spraying season. 840 surface water samples were collected throughout the three years. In addition, the number of substances included in the analyses varied, from only the phenoxy acids and related compounds, up to a maximum of around 80 substances. Twenty compounds were identified, including 15 herbicides, 1 fungicide and 4 insecticides. The most frequently detected pesticides were MCPA and bentazone, which were found in more than 20% of the samples. Eleven of the twelve most frequently found pesticides, found in 0.6% or more of the analysed samples, were also encountered in the previous investigation in 1985-1987. Eight of the detected pesticides were found only once or twice throughout the three years. Pesticides occurred most frequently and at highest concentrations during the spraying season, but low concentrations were found during the whole year, especially of phenoxy acids and bentazone. The frequency of several of the pesticides (i.e. phenoxy acids, bentazone and metazachlor) decreased during the three years, seemingly due to a sales reduction of some of these substances and also to increased knowledge among farmers of the correct methods of handling pesticides. It is, however, difficult to make definite statements concerning the reasons for this apparent decline in pesticide residues in water due to the varying sampling strategies, both between years and between counties.









�Table 3. Monthly time weighted mean concentrations (TWMC) in the Vemmenhög catchment from May to November 1997�����������TWMC (µg l-1) ���������Substance�May�Jun�Jul�Aug�Sep�Oct�Nov�May-Nov��Aclonifen�0.00�0.00�0.00�-�-�-�-���Atrazine�0.02�0.03�0.06�-�0.20�0.09�0.04�0.07��Atrazine-desethyl�0.00�0.03�0.03�-�0.10�0.08�0.07�0.05��BAM�0.01�0.04�0.05�-�0.20�0.05�0.05�0.07��Bentazone�0.50�3.01�1.34�-�1.70�0.21�0.17�1.15��Chloridazon�0.00�0.00�0.00�-�0.00�0.00�0.00���Clopyralid�0.00�0.00�0.00�-�0.00�0.04�0.08�0.02��Cyanazine�0.17�1.61�0.89�-�0.80�0.07�0.01�0.59��Cyfluthrin�0.00�0.00�0.00�-�0.00�0.00�0.00���2.4-D�0.00�0.02�0.00�-�0.00�0.14�0.00�0.03��Deltamethrin�0.00�0.00�0.00�-�0.00�0.00�0.00���Dichlobenil�0.00�0.00�0.00�-�0.00�0.00�0.00���Dichlorprop�0.04�0.45�0.03�-�0.50�0.02�0.01�0.18��Diflufenican�0.00�0.00�0.02�-�0.10�0.09�0.05�0.04��Diuron�0.00�0.08�0.13�-�0.06�0.02�0.05�0.06��Esfenvalerate�0.00�0.00�0.00�-�0.00�0.00�0.00���Ethofumesate�0.06�0.78�0.19�-�0.50�0.15�0.12�0.30��Fenpropimorph�0.03�0.05�0.06�-�0.10�0.05�0.00�0.05��Fluroxypyr�0.01�0.02�0.02�-�0.08�0.06�0.02�0.04��Isoproturon�0.12�0.51�0.22�-�0.40�0.30�0.65�0.37��Lambda-cyhalothrin�0.00�0.00�0.00�-�0.00�0.00�0.00���MCPA�0.02�0.20�0.02�-�0.09�0.00�0.00�0.06��Mecoprop�0.23�0.50�0.65�-�0.20�0.03�0.05�0.28��Metamitron�1.26�4.09�0.31�-�0.60�0.00�0.00�1.04��Metazachlor�0.02�0.05�0.03�-�0.10�0.08�0.10�0.06��Methabenzthiazuron�0.00�0.00�0.00�-�0.10�0.02�0.07�0.03��Phenmedipham�-�0.00�0.00�-�0.00�0.00�0.00���Pirimicarb�0.00�0.02�0.02�-�0.06�0.01�0.02�0.02��Ppropiconazole�0.00�0.18�0.34�-�0.60�0.28�0.13�0.26��Propyzamide�0.10�0.13�0.06�-�0.70�0.07�0.03�0.18��Simazine�0.00�0.01�0.00�-�0.04�0.00�0.00�0.01��Terbuthylazine�0.07�0.26�0.22�-�1.00�0.81�0.51�0.48��Tribenuron-methyl�0.00�0.02�0.02�-�0.00�0.00�-�0.01��Sum pest�2.68�12.1�4.68�-�8.23�2.68�2.22�5.43��















During 1989 and 1990 the industry carried out an investigation of chemicals in Swedish waters, including pesticides � INVOEG  ���(Toll, 1993)� INVOEG  ���. Altogether 55 surface water samples were taken from five rivers and one lake, which supplied drinking water. The samples were analysed for around 80 different pesticides, including the low dose sulfonylurea herbicides chlorosulfuron and metsulfuron-methyl. Phenoxy acids along with bentazone were detected in eight of the samples at low concentrations (0.1-0.3 µg l-1). No sulfonylureas were detected. From 1992 to 1994 the National Food Administration investigated pesticide concentrations in municipal drinking water originating from groundwater from all over Sweden. The data was released in March 1996. 



There are also local data on pesticide monitoring from some counties in south-central Sweden as follows: …rebro county (1986-1991), monitoring of surface waters in the county, with mostly phenoxy acids included in a quite intensive programme. The programme included information to farmers aimed at increasing their awareness of risk reduction, but no decrease of pesticide residues in the streams could be found during the investigation. Skaraborgs county (1988-1991), monitoring of surface waters at five different locations within the county. One catchment was monitored during 1995, no results have been reported yet. …stergštlands county (1989-1991), monitoring of surface waters within the county at three different locations. In one of the smaller catchments, some very high concentrations of herbicides were detected during the spraying season. Gotlands county (1987-1995), monitoring of ground and surface waters. This large island, situated in the Baltic sea, has very special and sensitive geohydrological conditions. A number of pesticides have been regularly detected, with bentazone being the most frequently occurring pesticide.



In the Vemmenhög catchment in the county of Scania pesticides have been monitored for an eight-year period. The following pesticides were found between May and November 1997 (Table 3). �





Pesticides in groundwater



During the period 1985 to 1997, 417 water samples classified as groundwater samples were taken on behalf of municipalities, counties or research projects (Hessel 1998). These included samples from drilled or dug wells. The most frequently found pesticides were bentazon, atrazin, diklorprop, MCPA and klopyralid. 























�MODEL CALCULATIONS



General



Until now, only nitrogen losses have been estimated by use of mathematical modelling on a national scale. However, this is now also being attempted for phosphorus and pesticide losses 





Calculated nitrogen losses



Gross nitrogen leaching loads from agricultural land within the Baltic sea and the North sea catchment areas in Sweden were estimated for 1985 and 1994 as a part of an investigation in connection with the national objective of reducing nitrogen loads to the seas by 50%. Standard leaching rates, representing nitrogen leaching from the root-zone for a year with a normal climate and harvest, were calculated for different regions, crops, soils and fertilisation regimes by use of a simulation model.





The Model



SOILN is a simulation model describing nitrogen dynamics and losses in agricultural soil profiles. The model is coupled to the water and heat flow model, SOIL. The model calculates nitrogen leaching from the root-zone to drainage tiles or groundwater as a function of time. Inputs to the models are timeseries of meteorological data (e.g. precipitation, temperature), information about soil properties and information about crop management (e.g. crops, fertilisation). The most common forms of inorganic and organic nitrogen in the soil-plant system are represented in the model. Fertiliser, manure and deposition are nitrogen inputs to the system. Nitrogen outputs are harvest, denitrification and leaching.





Data set



Agricultural land in southern Sweden was divided into nine ”leaching regions”. The division was based on the six production areas, which are used by Statistics Sweden as aggregation units when presenting the yearly agricultural statistics for Sweden. These production areas have been defined as being relatively uniform with respect to cultivation practices and conditions for crop production. Three of the production areas were divided due to wide variation in water discharge.



In all regions, calculations were made for a number of combinations of different crop classes, soils and fertilisation regimes. The main crops in Sweden were included and divided into crop classes according to their variation in standard nitrogen yield and nitrogen fertilisation. Combinations of less areal importance in a region were not calculated. Three soils were selected to represent the influence of soil type on N leaching. Finally, fertilisation was divided into two regimes where the manure regime represented the areas where manure was applied with or without a complementary application of fertiliser, and unfertilised areas.







For each combination the leaching estimate was calculated by averaging a simulation made for a ten-year period using the same management practises (crop and fertilisation) every year. Thus, all crops were simulated as monocultures partly due to methodological reasons and partly due to lack of statistical data of crop rotations used.





Results



Nitrogen leaching decreased by 25%, from 30 N kg ha-1 in 1985 to 22 N kg ha-1 in 1994. The gross load of nitrogen decreased by 29%, from 77 000 tonnes in 1985 to 55 000 tonnes in 1994 (Johnsson and Hoffmann 1998). The main reasons for this reduction was i) a change in cropping, mainly more grass leys and fewer cereals in 1994; ii) standard leaching rates from individual crops decreased due to increased nitrogen-use-efficiency (increased harvests and unchanged fertilisation rates); and iii) the total acreage of agricultural land decreased. About 50% of the reduction in load was due to a shift from cereal to ley crops, 40% was due to increased nitrogen efficiency and 10% was due to the decrease in agricultural land.





EXPERIENCES FROM FIELD RESEARCH



Nitrogen



General



Leaching is a natural process in the climatic zone to which Sweden belongs. For nitrogen leaching to occur, both water and nitrate are needed. If there is a shortage of either of these two, then leaching will decrease. 



Mineral nitrogen is formed continuously in the soil. The decomposing micro-organisms continue their work even after the main crop has completed its nutrient uptake. Consequently, mineral nitrogen is also formed during the winter in unfrozen parts of the topsoil. This is more frequent in the southern part of Sweden due to the milder climatic conditions there. The ammonia nitrogen formed during decomposition or applied by manure spreading is generally rapidly converted into nitrate which remains in the soil solution where it may be exposed to leaching if it is not taken up by a winter crop.



Naturally, any fertiliser nitrogen that is not taken up by the crop or which, for some other reasons such as excessive application in relation to the feasible yield, or when the crop is suffering from drought, will also be leached if sufficient water is available during the winter. 



The soil texture is important - the lighter the soil the higher the risk of leaching. 



Catch crops are possible management options for reducing N leaching but they also contribute to the enrichment of the easily decomposable organic N pool of the soil. This N might contribute to the N supply of the crop but could also lead to an increased leaching magnitude if catch crops are not used during the following winter period.





�

Requirements and water quality objective for N



According to existing Swedish Environmental Protection criteria for lakes and rivers, nitrogen concentrations in surface waters should not exceed twice the estimated natural or original unaffected levels (Table 4). However, it may be necessary to modify this requirement in catchment areas dominated by intensive agricultural land use, because it is not possible to achieve the objective with present agricultural systems. Further research is necessary to develop improved cultivation methods to help achieve this objective. However, such low nitrogen concentrations have occasionally been observed, which suggests that this is a realistic long-term objective (with a >20 year perspective). In addition, a realistic ten-year objective is required (Table 4). The ten-year objective can be related to statements by the Swedish Environmental Protection Agency.



Table 4. Long-term quality objectives for nitrogen (N) in surface waters. 

Concentration ratio, current/original�Original concentration, mg l-1�Quality objective, 10 years, mg l-1�Quality objective, >20 years, mg l-1��Nitrogen, 1.5-2.0�0.2�5.0�0.4��

 The concentrations specified by The Swedish Food Administration (SLV) for groundwater are of interest: a concentration of 5 mg NO3-N l-1 may indicate the impact of sewage applications or other pollutant sources. NO3-N concentrations smaller than 1 mg N l-1 indicate no impact from human activities. Children less than one year old should not be exposed to drinking water with nitrate concentrations higher than 10 N mg l-1.



Water quality requirements with respect to nitrate are therefore determined by environmental rather than human toxicological considerations.





Sources of nitrogen



Obviously, the size of the sources of nitrogen available for leaching will vary both as regards place and time. An example from a nine-year experiment on a clayey till in Skåne (southern Sweden) serves as an example of the relative size of the sources in this part of the country. The main crops were spring wheat, barley and sugar beet (Table 5)



Residual-N and mineralisation during the winter in this example were of approximately similar magnitude. Atmospheric deposition was by far the smallest component. We can see that almost half of the nitrogen available for leaching was in fact leached. Discharge was, on average, 237 mm. A larger discharge would have increased, and a smaller discharge would have decreased the leaching. Since the size of the discharge depends largely on the amount of precipitation and its distribution, we are unable to influence the factor that regulates leaching other than by irrigation use. However, the amount of nitrogen available for leaching can be controlled to some extent. In the short term, attempts can be made to reduce the amount of residual-N by better control of the amount fertiliser applied and the time of application. The amount of organic material available for mineralisation can also be influenced. This is particularly important from a long-term perspective. It is essential to attack both sources in order to achieve a meaningful reduction in leaching. Another possibility is to make use of catch crops during the winter so that mineral nitrogen becomes incorporated in the plant material instead of being leached; this will be discussed in greater detail below.



Table 5. Sources of nitrogen and nitrate leaching. Results from a nine-year investigation on a claytill in Skåne, southern Sweden. Main crops were spring wheat, barley and sugar beet

______________________________________________________________________

Nitrogen source								Time												N kg ha-1

______________________________________________________________________

Nitrate in the soil, residual-N, down to 		1 Sept.												31

a depth of 1 m in the soil



From mineralisation of litter and 					1 Sept. - 31 March							34

other organic material in the soil



Atmospheric deposition						1 Sept. - 31 March							 6

______________________________________________________________________

Total available																											71

Leached through drainpipes																							31

______________________________________________________________________





Excessive fertiliser application



Experiments illustrating the massive increases in losses following excessive applications of fertiliser have been conducted in several places in Sweden (Gustafson et al. 1998). Results from southern Sweden illustrate this, (Table 6). Modern methods of predicting nitrogen requirement are available to ensure that excessive applications of fertiliser are not made. 



Table 6. Yearly losses (mean of 7 years) in a field experiment with increasing application rates of nitrogen. Up to application rates of 100 N (kg ha-1) there was a small increase in losses. The application rate of 150 N (kg ha-1) is excessive. 

____________________________________________________________________________

Application rates N (kg ha-1)		0			50			100			150



Losses N (kg ha-1). 			33			33			 42			 63

____________________________________________________________________________





Climate related factors



Microbial processes are controlled by temperature and availability to water, oxygen and suitable nutrients. The longer the period between completed nitrogen uptake by the crop and the freezing of the soil, the more conducive the conditions for accumulation of mineral nitrogen in the soil. Both mineralisation and conversion to nitrate are favoured by good access to oxygen, heat and soil water. During the summer, drought is often an inhibiting factor. Rainfall will then favour nitrogen mineralisation. In the autumn, however, a shortage of water is fairly unusual and it is the availability of heat and oxygen that mainly restrict mineralisation. A warm autumn and early soil tillage, which increases the availability of oxygen in the soil at a time when its temperature is relatively high, will increase autumn mineralisation and thereby the availability of nitrate and thereby lead to the possibility of increased leaching. 









The colder conditions prevailing in the north of Sweden mean that nitrate formation between the time of harvesting and the onset of winter decreases. Quite simply, there is insufficient time during the autumn for particularly large quantities of nitrate to be formed, and as a result leaching will be less the further one north goes. 
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Figure 4. Precipitation, discharge and losses, mean values, from experimental fields on clay and loamy soils in different parts of Sweden in 1977-1986.



Another reason for the smaller amount of leaching in the north is the different flow patterns of water as a result of frequent and massive frosts that leave the ground frozen. When the ground is frozen, a larger proportion of the water leaves as surface run-off and thus the soil is not leached of nitrate. 



The increasing share of grassland in the north, where the soil has a crop cover during the winter, together with late nitrogen uptake, also contribute to the relatively modest leaching of nitrate in northern areas. . Consequently, there are considerable differences in leaching patterns and amounts depending on the geographical location, Figure 4.

�Type and amount of organic material and leaching



The availability of relatively easily mineralised organic nitrogen in the soil is, as has been discussed, of major importance for the magnitude of the leaching. Soils given large amounts of organic material will, in the long term, have a larger net capacity for net mineralisation. Agriculture with different lines of production and cropping systems will therefore, when "equilibrium" is finally reached after a fairly long period (decades), have clearly different contributions of net mineralisation from the soil. Both Swedish and foreign studies confirm this. It is mainly the semi-stable young humus pool in the soil that contributes to increased nitrogen mineralisation. This contributes to the nitrogen supply of the crops during the growing season but also to the formation of nitrate outside the growing season, which is less desirable from the leaching viewpoint. 



Naturally, a good organic content has many positive effects on the soil, when regarded as an environment in which plants grow, but from the leaching viewpoint, the formation of organic material must not proceed too far. It is important to find an optimal situation. In a monoculture of grain crops where only fertilisers are applied there may, in the long term, be a reduction in the organic content, leading to undesirable effects on the soil structure, which may cause reduced crop growth and a decreased ability to utilise supplied and mineralised nitrogen. This will probably lead to increased leaching, but if the monoculture is balanced with the ploughing-in of straw, the system can, nonetheless, survive for a long period and leaching losses may probably be kept at an acceptable level. 



Mineralisation has been found to be greater in fields that are regularly treated with manure. Thus, leaching under otherwise similar conditions will be greater in fields spread with manure, (Table 7).





Table 7. Mean yearly leaching for a five-year period from sandy soils in southern Sweden where spring cereals were grown, with and without applications of manure.

____________________________________________________________________________

										Losses, N (kg ha-1)						Concentrations N (mg l-1)

		Runoff						______________________			________________________

Site		( mm	)							NH4		NO3		Tot.					NH4		NO3		Tot.

____________________________________________________________________________



Fertiliser

1.		239								0.09			31			33					0.04			13			14

2.		263								0.06			31			35					0.02			12			13

3.		232								0.06			31			35					0.03			14			15



Fertiliser + manure

4.		291								0.10			41			44					0.03			14			15

5.*		290								0.31			62			67					0.11			22			23

_____________________________________________________________________________

* Large application rates of manure









Table 8. Mean yearly leaching for a six-year period from a sandy soil in southern Sweden

_____________________________________________________________________________

Time of application	Winter state		NO3-N (kg ha-1)		NO3-N (mg l-1)

for pig slurry

_____________________________________________________________________________

Unfertilised

				ploughed		30				11.7



Fertiliser 90 N (kg ha-1) in the spring

				ploughed		41				14



Pig slurry 90-110 Tot. N (kg ha-1) and 45-55 N (kg ha-1) fertiliser in the spring

Autumn			ploughed		58				22

Spring			ploughed		42				14

Spring			winter rye		22				8.4



Pig slurry 180-220 Tot. N (kg ha-1) and 45-55 N (kg ha-1) fertiliser in the spring

Autumn			ploughed		84				31

___________________________________________________________________________



In areas with particularly high stocking rates of animals, leaching from organic material may be considerable and additional leaching as a result of optimally based fertiliser application relatively small. Results from the Mellby experiment in southern Sweden illustrate this. (Table 8) After six years the mean leaching of nitrate from unfertilised treatments was 30 NO3-N kg ha-1 y-1 per hectare and year, and from treatments where organic manure and fertiliser were spread in the spring, and from treatments where only fertiliser was spread, the leaching amounted to 42 and 41 NO3-N kg ha-1 y-1, respectively. Leaching following autumn spreading of organic manure, particularly at high rates, was considerable. In such areas with light soils and   spring cereals as the main crops, it is particularly important to spread manure in the spring and in environ�mentally acceptable quantities. 



However, not even optimal amounts of manure spread in the spring lead to acceptable concentrations in the groundwater. Leaching into groundwater is, quite simply, too high. Nitrogen mineralised outside the cropping season must therefore be utilised. An increase in winter cereals or the growing of catch crops may be one solution. When winter rye was grown and harrowed in the spring before the main crop was sown, concentrations in discharge water were satisfactory (Table 8). Very good results were also obtained when Italian ryegrass was grown as a catch crop. The grass was sown in the main crop in the spring and remained during the winter until the soil was tilled during the spring cultivation. (Table 9).





Nitrogen leaching and soil type



Since nitrate nitrogen is dissolved in the soil solution, precipitation in combination with the soil's water retention ability and permeability are the factors that ultimately determine the amount of leaching. As the precipitation water penetrates down through the soil it draws with it the soil solution and its content of nitrate, as well as other dissolved substances. Sandy and fine



�

Table 9. Annual leaching from a sandy soil in southern Sweden (89/92). 

____________________________________________________________________________

Time of application	Winter state		NO3-N (kg ha-1)		NO3-N (mg l-1)

for pig slurry

___________________________________________________________________________

Unfertilised

				ploughed		25				  9

				ryegrass		  6				  2

Fertiliser 90 N (kg ha-1) in the spring

				ploughed		48				15

				ryegrass		  9				  3



Pig slurry 90-110 Tot. N (kg ha-1) and 45-55 N (kg ha-1) fertiliser in the spring

Autumn			ryegrass		22				  7

Spring			ploughed		51				15

Spring			ryegrass		10				  3



Pig slurry 180-220 Tot. N (kg ha-1) and 45-55 N (kg ha-1) fertiliser in the spring

Autumn			ryegrass		45				15

Spring			ploughed		56				18

Spring			ryegrass		25				  8

___________________________________________________________________________

Crops: Oats, wheat and barley





sand soils in particular have a large permeability and low water retention capacity, as well as usually having a shallow root depth. Consequently, these soils are easily exposed to leaching.



Clay soils, on the other hand, are considerably better at retaining water. The slower movement of water in these soils means that available nitrate is slowly transported downward through the soil profile. In macropores (fissures, root channels and worm galleries) the water will naturally move much faster but a lot of the nitrate is present in the micropores and aggregates. This nitrate is thus "protected" since the main flow of water moves through the macropores. Since the roots in these soils generally penetrate to considerable depths, even nitrate located very deep in the soil can be utilised by the crop in subsequent years. Consequently, nitrogen leaching is greater on light soils than on heavy mineral soils under conditions that are similar in other respects. Results of different investigations confirm this, e.g., a study in Skåne and southern Sweden, (Table 10). 





Table 10. Mean values for annual losses of nitrate (N kg ha-1) from a large number of fields in southern Sweden.

Sand�Fine sand�Clayey till�Clay��36�34�23�6��

�Nitrogen leaching and catch crops



Grassland has particular prominence as a nitrogen trap, especially long-term leys with well-developed root systems. When conditions permit, these root systems continue undisturbed taking up nutrients far into the late autumn, and then continue with an early start in the spring.



On the other hand, when grassland is ploughed, there is a gradual release of large amounts of nitrogen, particularly if leguminous plants are included in the ley. If the soil is sensitive to leaching and if the ley is to be followed by spring grain, the grassland should be ploughed relatively late in the autumn. Since the nitrogen is largely released during the following year, there will be a decreased risk of leaching. In areas with a mild climate, such as Skåne and Halland in southern Sweden, there may, however, be a considerable mineralisation during the winter.



Among autumn-sown crops, oilseeds are by far the best at taking up remaining nitrogen and mineral nitrogen released during the autumn. This may amount up to 100 N kg ha-1. 



Winter wheat, on the other hand, takes up only 5-30 N kg ha-1, whereas winter rye and winter barley take up slightly more, about 10-50 kg ha-1. If autumn-sown cereals are to be able to take up about 20 N kg ha-1 it is necessary that the crop has time to tiller during the autumn.



Another method of achieving a vegetal soil cover is, as mentioned earlier, to introduce a catch crop between the two main crops. This catch crop is subsequently incorporated into the soil late in the autumn or during spring tillage the following year. 



If a catch crop is to be sown after the harvest of the main crop, it is very important that there is sufficient time available. The crop must be sown in August in order to have the desired effect. Suitable crops are mainly ryegrass and oilseeds.

If, instead, the catch crop is sown in the spring by undersowing in the main crop, the best growth and nitrogen uptake occurs during the autumn. A major benefit is that there is already an established, nitrogen-utilising, crop when the main crop is harvested. Suitable crops in this context are ley plants such as perennial ryegrass and clover species. It is important that these crops do not compete too strongly with the main crop. A delay of a few days between sowing the main crop and the catch crop, and a low seed rate are ways of achieving this. 



The effect of the catch crop on nitrogen leaching is best if it is allowed to overwinter. However, in many cases it may be difficult to break up the catch crop's vegetation in connection with spring tillage. Consequently, overwintering of catch crops is generally only of interest on soils suitable for spring ploughing, i.e., mainly sandy and fine sand soils. On the other hand, it is also these soils that are the most sensitive to leaching. 





Conclusions



Measures to restrict leaching should mainly be concerned with:



controlling as far as possible nitrogen with regard to amount, time of application and uniformity of application in order to maximise nitrogen uptake and reduce the amount of  non-utilised nitrogen,



restrictions on application of manure rich in ammonia-N (slurry) in the autumn, particularly on light mineral soils on account of the conversion of ammonia-N to nitrate,



giving the soil a plant cover during the critical period of autumn mineralisation in order to take up as much as possible of the nitrate-N that has been formed,



adapting the ploughing period when green manure crops are grown, so that mineralisation occurs when the growing crop has become established. 





Phosphorus



Introduction



Early studies on P were carried out against a background of severe P deficiency in soils and were primarily concerned with improving crop yields. When P losses to water were considered emphasis was placed on the high capacity of soils to retain P inputs supplied as fertilisers and manures. Although this capacity is impressive it is important to be aware of the differences  in scale between net P inputs to land and the much smaller loss rates in drainage water which easily can cause appreciable enrichment of freshwaters (Rekolainen et al. 1997). The build up of the phosphorus pool by fertilisation has been substantial in Sweden and there is today no need to increase it any further, but rather to decrease the input to the lowest possible level and even to decrease the pool. Much effort needs to be put into this, with the expressed aim of reducing losses to water bodies.





Requirements and water quality objectives for P



According to existing Swedish Environmental Protection Agency criteria for lakes and rivers, phosphorus concentrations in surface waters should not exceed twice the estimated natural or original unaffected levels (Table 8). However, it may be necessary to modify this requirement in catchment areas dominated by intensive agricultural land use, since this objective cannot be met using present agricultural systems. Further research is necessary to develop improved cultivation methods to help to achieve this objective. However, such low phosphorus concentrations have occasionally been observed, which suggests that this is a realistic long-term objective (>20 years). In addition, a realistic 10-year objective is required (Table 11). The ten-year objective can be related to statements by the Swedish Environmental Agency.



Table 11. Long-term quality objectives for phosphorus in surface waters

Concentration ratio, current/original�Original concentration, mg l-1�Quality goal, 10 years, mg l-1�Quality goal, >20 years, mg l-1��phosphorus, 1.5-2.0�0.01�0.05�0.02��

there is a The challenge of reaching the environmental objectives stated by the agency is considerable in light of the actual losses illustrated by the results from the JRK network.









The complexity of phosphorus losses



Problem definition. Fluxes of P through the soil by drainage water have often been discounted because of the considerable affinity of P to many soil components. Although there have been reports of considerable P losses through tile drains, measures to reduce P losses from arable land have mainly concentrated on reducing surface losses of P. However, research in recent years has emphasised that water flow through heterogeneous soils is highly preferential. Thus, high phosphorus concentrations in tile drains may result from water flowing directly through the unsaturated zone as a result of channelisation in meso- and macropores. Very little is known about the mobilisation of P and its transport through the soil. One possibility is that the surface soil acts as a source of leached P. Another possibility that cannot be excluded is that P may originate from erosion and desorption along macropore walls or from the vicinity of the drain tiles. Desorption may be of special importance if a layer of low hydraulic conductivity is present below the plough layer and the soil is sufficiently saturated for active  reduced conditions to occur.



Mobilisation on soil surface. P mobilisation from the soil surface is often related to erosion processes, and the surface erosion processes depend on aggregate stability and other soil properties. In dry regions erosion most commonly results from surface crusting, which is closely related to aggregate breakdown. In colder climate erosion is strongly related to freezing of the soil surface. Dissolved P may desorb from stationary surface soil or from suspended soil particles. Another P source is P leached from crop or crop residues damaged by frost or dryness.



The potential for dissolved P to be leached from plant material is especially great after drying, therefore a climate with long dry periods followed by heavy rain may give substantial P losses from crop residues.

During spring a very high proportion of P transport in the Nordic countries is in dissolved form. Repeated freezing and thawing cycles destroy plant cell walls. They also break up solid soil into aggregates, thus offering a larger soil surface for desorption and dissolution of P. Freezing and subsequent leaching of water releases more dissolved P from soil compared with frozen soil as has been shown in laboratory experiments. Mobilisation of dissolved P may thus be triggered when temperatures fluctuate around zero.



Transport through the soil. P is found in drainage water both during fast and slow water flow. During fast flow, the water may be far from chemical equilibrium with the surrounding soil. In stable channels, the walls may be P saturated thus allowing P transport from the surface during slower water movement. In some soils, special mechanisms such as microbial reduction of iron may also enhance P transport through soil.



Influence of weather conditions. P losses through tile drains are known to be dependent on agricultural management practices and soil characteristics. Weather variations are also extremely important. During dry periods more cracks are formed as a result of soil shrinkage.  A dry profile exhibits lower cohesive bonding and therefore is more erosive until the soil matrix becomes wetter again. 



In the northern hemisphere, weather variations during winter are of special importance. Frozen soil and soil with just a very thin snow cover have been shown to have much higher concentrations of suspended solids in drainage water compared with unfrozen soil and soil with a thick snow cover. The greenhouse effect could  lead to more frequent episodes of snow cover  followed by snowmelt during the winter period, thus enhancing P losses. A more frequent absence of a snow cover as a result of the greenhouse effect would also enhance P losses due to increased internal erosion. 



Outlook. Due to the complexity of processes leading to P-losses  considerable effort needs to be put into reducing the amount of phosphorus necessary for crop production in the soil profile. This can be done by introducing crops with a lower P requirement than today’s crops. Although there has been some success in reducing  P levels in soil, better management practices are still necessary to achieve the long-term objective of acceptable P losses to water bodies.





Measures necessary for P reduction



Reduced P levels. Improved soil P test methods are necessary. Many farmers in Europe continue to apply more P to their land than that which is removed by crops. Part of the reason is that they are unable to rely on the soil-P test methods. Most soil-P test methods, including the P-AL method used in Sweden, simply do not correctly estimate the soil-P status, i.e. the ability of the soil to supply the crops with P.



Research into differences in the P requirement of crops. An emphasis on developing breeds with lower P requirements would reduce the need for high phosphorus levels in the soil. 



The importance of mycorrhiza for P delivery to agricultural plants and their relation to the P status of the soil should be investigated. 



Management practices. It is important to introduce new low P fertilisers and fertilising techniques to avoid excessive application of fertiliser-P and consequently, increasing P levels in soil. 



Cultivation measures that enhance soil aggregate stability and thereby reducing P erosion, as well as cover crops, are important in areas liable to erosion. .





Management of land and surface water interface. The creation of different riparian zones to reduce various types of water erosion (sheet, rill and gully erosion ) has shown promising results.



Improved interface design between the tile outlet and the recipient would improve the sedimentation environment for soil particles in drainage water.



The introduction of new animal density regulations to avoid excessive applications of P in manure from intensive animal production systems.



Animal feeding systems should be modified to reduce the P content in manure.



�Pesticides



Introduction



Occurrence. Occurrence, distribution and deposition of pesticides over large areas are problems of great concern today. When looking at the pesticides found in rain water it is obvious that some of them, like DDT and toxaphene, have been transported from very remote places. Other substances, like the phenoxy acids, are often used in the vicinity of the areas where they have been deposited. If we look at the levels of pesticides deposited in rain water, we can see that the amounts found in Sweden, and also in the other Nordic countries, are often lower than those reported from central Europe.



Many pesticides are frequently found in streams draining agricultural land. Although found predominantly during or shortly after the spraying season, some pesticides are also found several months after they have been applied. Many insecticides and fungicides are also detected in sediments. A study in southern Sweden showed that between 0.01 - 0.9% of the different pesticides applied within a catchment were transported in surface water leaving the catchment. 



A few pesticides like atrazin have been found in groundwater, even in fairly deep wells.



The presence of pesticides in all sorts of environments is well documented today. Therefore, various counter measures are required to reduce concentrations. .



Effects. When concentrations of detected pesticides are compared to available effect studies, it appears that  single pesticides normally do not reach concentrations that cause adverse effects in surface waters. However local, temporary effects in small water courses can not be excluded. Among the pesticides that have been studied, propiconazole is of particular concern in this respect. Effect studies indicate that the maximum concentration of this fungicide found in surface runoff may effect the macro-invertebrate fauna and algae communities. For several insecticides used in agriculture the analytical limit of detection in water samples is above the LC50-value which means that for these insecticides no definite statement can be made about their potential impact on the aquatic fauna. 



One uncertainty is the combined exposure of ecosystems to complex mixtures of a number of pesticides. The exposure of organisms to mixtures of chemical compounds can lead to toxic effects, even if the individual compounds are present in concentrations well below toxic levels. Because the adverse effects of combined exposure are not normally included in the testing of pesticides, ecological damage may occur in regions where the concentration of individual pesticides is well below the environmental criteria. Moreover, the potential for hazardous effects of pesticides can only be assessed for some environmental effects. For example, pesticides with high leaching potential to groundwater can be identified on the basis of their physical and chemical properties. However, there is still no information about how to predict the chronic toxic effects of pesticides on ecosystems, especially when non-target organisms are exposed to more than one chemical at a time; for example, in long-term exposure by wet deposition
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Requirement and objectives for pesticides



The aims of the present pesticide policy in Sweden are to reduce the potential risks for the farmer/sprayer/operator, consumer and the environment and also to reduce the total quantity of pesticides used. During the five-year period from 1986 to 1990 the overall tonnage of agricultural pesticides used in Sweden decreased by 47% compared to the 1980-1985 average. In June 1990, a governmental bill was accepted by the Swedish Parliament that aimed at a further reduction of the risks and another 50% reduction of pesticides used in agriculture. This means that the overall result of the risk reduction programme in quantitative terms should be a maximum allowable use of 25% of the mean 1981-1985 quantity, to be reached by 1996 � INVOEG  ���(Bernson & Ekstršm, 1991)� INVOEG  ���. According to the latest information, the total use in 1995 was 29% of the 1980-1985 average, which means that the overall goal of a 75% reduction over a 10-year period will probably be achieved (Bernson, pers. comm.).



Apart from a reduction of the quantities used, the implementation of the risk reduction policy also includes several other elements such as stricter routines for approval of new pesticides and a reappraisal of pesticides already in use, improved spraying equipment and spraying techniques, improved and extended education and training of sprayers and extended control of pesticide residues in food and drinking water � INVOEG  ���(Bernson & Ekstršm, 1991)� INVOEG  ���. 



The reduction in quantities used achieved so far has not been shown to be critical in terms of crop production, e.g. there has been no drop in cereal yields during the same period. The overall cost to the farmers has been small and in some cases even economically beneficial when adopting reduced herbicide dose rates. The ongoing governmental risk reduction programme has in fact been accepted by the Federation of Swedish Farmers. Problems for farmers associated with the re-registration process are largely connected to a reduced availability of pesticides for minor crops. Since Sweden is a small market the interest shown by the chemical industry in applying for approval for new pesticides is limited, as is that in maintaining existing pesticides for minor crops on the Swedish market.  (Bernson,? pers. comm.)



The National Food Administration has determined that pesticides should not be present at detectable levels in drinking water (National Food Administration Ordinance on Drinking Water  SLV FS 1989:30, 1993:35). Verified findings should be reported to the National Food Administration for assessment of the health risks and recommendations on restrictions in use. If a pesticide is detected at a level of 0.1µg l-1 or above the water supplier is obliged to undertake necessary remedial measures. Raw drinking water is included in the term 'drinking water', i.e. surface as well as groundwater intended for drinking water consumption. For an assessment of health risks, The National Food Administration primarily follows WHO's guidelines. No Swedish guidelines exist for irrigation water or the protection of freshwater aquatic life. 



The objective is that agricultural activities should leave no trace of chemical plant protection products in surface and groundwater which could cause adverse effects on humans or ecosystems. This objective will not be reached without further research into the mechanisms governing pesticide fate and mobility in soils; research that will lead to the development of improved test methods allowing identification of high-risk compounds during registration procedures. Such research will also serve as a basis for development of environmentally-acceptable compounds. This will require co-operation with industry. 













In the short term, the objective stated above means that leachable compounds must be handled in such a way that the pollution risk is minimised. Within a ten-year period, compounds with a high leaching potential should not be registered for use. This requires considerable research and effort put into development. 





The complexity of studying pesticide losses to water and air



Small-scale measurements. Several leaching studies in lysimeters have been done in Sweden during the last couple of years. All of these studies have mainly focused on estimating in groundwater a mass balance for the included compounds, and to a lesser degree on trying to elucidate transport mechanisms and important factors controlling leachability. However, the above studies have clearly shown that more research is needed in this field in order to explain various observations from the mass balance studies. Attempts to describe and predict contaminant transport cannot succeed if major pathways and mechanisms are not defined. For example, processes related to soil hydraulic properties, such as macropore flow, have been shown to have a major impact on pesticide leaching, but are relatively poorly investigated in this context. Use of a combination of tension and tension-free lysimeters installed in a field setting would allow an assessment of the importance of macropore transport, compared with matrix flow. Moreover, the traditional way of classifying pesticides by determining their physical/chemical properties (e.g., adsorption constants and water solubility’s) as a basis for mobility estimations, has been shown to be questionable.



To improve our understanding of pesticide behaviour in the unsaturated zone, we need to use experimental techniques which require use of radio-labelled material. There are several advantages with labelled pesticides compared with unlabelled, and they have therefore been used for a long time in dissipation studies of pesticides in soil. Such advantages include: (1) the possibility of exact identification of parent compound and metabolites; (2) the possibility of determining a total mass balance for the whole test system (plant, soil, water and air); and (3) identification of metabolites that need consideration in large-scale field studies.



Contaminant transport in soil related to colloid movement is also important to focus on. It is believed that organic solutes with very low water solubility, such as many pesticides, can form complexes with soil colloids (e.g., humid substances, clay colloids) which may leach more readily than the pesticide alone. Due to the general complexity of this issue, when identifying the fate of included pesticides, radio-labelled (14C) compounds must be used.



Large-scale field measurements There is a need to extend the experimental measurements of pesticide fate and mobility from small-scale lysimeters to a significantly larger scale. Tile-drained plots are a useful medium-scale between lysimeters and catchment studies when investigating pesticide fate and mobility. The advantages include a more natural system, the possibility of determining reasonable mass balances, more flexibility and control of cropping and management practices, and bridging the gap between small- and large-scale experiments.





Modelling pesticide leaching risks. Simulation models to predict pesticide fate and mobility in soil have been developed as research tools since the early 1980's. Pesticide leaching models are now also beginning to be used as tools for management decisions, such as in the registration process. A number of considerations have to be taken into account when developing simulation models to be used for such purposes, such as user-friendliness, documentation and ease of parameterisation. In terms of process descriptions, the importance of preferential flow as a key transport process was overlooked in early model developments but has now been introduced in many models.







Conclusions



Considering pesticide parameters, most environmental fate models use laboratory-derived sorption coefficients to determine chemical binding and assume degradation following only first-order kinetics. This is in most cases an oversimplification of natural field conditions. The magnitude of pesticide leaching in field soils is a reflection of chemical and biological processes occurring in a complex structure, often under non-steady state conditions. In a similar way as macropore flow, pesticide sorption at different types of sites in the soil may be greatly affected by the range of aggregate and pore sizes in field soil. Also, degradation rates are affected by microbial population size and degree of contact between organisms and pesticides, both of which can be affected by soil structure. In other words, to properly predict chemical movement in soils we also need to improve our knowledge of biological and chemical processes of importance for pesticide fate in soil. This requires a creative mix of laboratory and field research. The importance of spatial variability in leaching at different scales also needs attention



The presentation above stresses the importance of research dealing with mechanisms governing pesticide fate and mobility in soil and plants with the aim of creating improved test methods (including modelling) which will allow identification of high-risk compounds during registration procedures. Such research also requires co-operation with industry for development of environmentally acceptable compounds. 



Improved spreading technology allowing lower doses through more precise application towards target organisms (species) and only applying the amount required through the use of advanced field information technology (including aerial inspection technology) are also important fields of research.
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