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Abstract

Outdoor pig production may have benefits in terms of animal welfare but could be undesirable in terms of nutrient losses. In paddocks on sandy soil grazed by lactating sows, nitrate leaching was determined using the suction cup technique from the start of grazing in October to after the following barley/pea wholecrop with perennial ryegrass. The inorganic N concentration in soil was uneven after sow grazing with the highest values found near the feeding area. In contrast to low nitrate leaching in the year of grazing (25-30 kg N ha-1), losses were considerable in the following autumn and winter. Throughout the measuring period of 18 months, nitrate leaching inside paddocks was on average 320 kg N ha-1 with the major part near the feeding area. Ten m from the feeding area, leaching losses were 500 kg N ha-1 and at 16 m distance, losses were 330 kg N ha-1. At 22 and 28 m distance from the feeding area, about 200 kg N ha-1 was leached and outside paddocks about 100 kg N ha-1. The combination of a sandy soil with high winter rainfall leads to a large proportion of the N-surplus being lost by nitrate leaching near the feeding area. To reduce nitrate leaching, stocking density and the level of dietary nutrient input must be adjusted and more uniform distribution might be achieved by manipulating the excretory behaviour of the sows. 
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Introduction

An increasing number of breeding sows are being kept outdoors in response to the demand of consumers for ‘naturally’ raised pigs in Europe (Watson and Edwards, 1997). The benefits of outdoor pig production are considered huge in relation to animal welfare and lower costs of buildings and equipment (Deering and Shepherd, 1985), but there may be environmental costs due to losses of nitrate to aquifers used for public water supply (Worthington and Danks, 1992), leaching of soluble organic N (Murphy et al., 2000), ammonia volatilization (Sommer et al., 2001) and denitrification (Petersen et al., 2001). The current commercial practice, in terms of diet and stocking density, results in substantial nutrient depositions in the paddocks (Watson and Edwards, 1997) which, with limited grass cover (Worthington and Danks, 1992), may lead to major nutrient losses during autumn and winter. 

In paddocks with grazing cattle, significant heterogeneity of excreted nutrients has been observed (West et al., 1989; Anderson et al., 1992). Recently, Eriksen and Kristensen (2001) found a marked skewness in the distribution of nutrients in paddocks with lactating sows. Inorganic N concentrations became very high, especially near feeding areas, creating a significant potential for nitrate leaching in these areas. It was concluded that a uniform distribution is a key factor in increasing the efficiency of the use of nutrients deposited by outdoor sows, but the actual leaching losses were not determined. In grassland soils that often accumulate considerable amounts of N (Cuttle and Scholefield, 1995), the relationship between N deposition by grazing animals and nitrate leaching may not be straightforward. Thus, it seems necessary to determine the actual nitrate leaching in such systems before drawing conclusions.

For determination of nitrate in soil water, the suction cup technique has been widely used (e.g., Francis et al., 1992; Lord and Shepherd, 1993). In structured clay soils this method has serious limitations because water from macro pores can by-pass the cups by preferential flow in fissures (Grossman and Udluft, 1991; Hatch et al., 1997). On sandy soils, however, the suction cup technique has proved useful for estimating the concentration of nitrate (Djurhuus and Jacobsen, 1995), although care must be taken in grazed grassland that heterogeneity is dealt with (Eriksen et al., 1999). 

The objective of this investigation was to quantify nitrate leaching in paddocks grazed by lactating sows, in relation to distance from the feeding area and nutrient deposition on the soil surface during grazing. Nitrate leaching was determined during two autumn and winter periods: during the grazing period and again after the following cereal crop.

Materials and methods

Site and management

The investigation was carried out on a commercial outdoor pig-producing farm in Western Denmark (8° 53’ E, 56° 27’ N). The soil was sandy, containing 0.04 clay, 0.05 silt, 0.88 sand and 0.016 carbon at 0-20 cm depth. The soil contained 0.12 plant-available water in the ploughing layer. In October 1998, farrowing sows were placed in a perennial ryegrass (Lolium perenne cul. Borvi) pasture established in 1997 and without any previous history of outdoor pigs. Each sow was allocated to an individual paddock (10 by 35 m) about one week before farrowing and replaced by another sow, seven weeks after farrowing. Four paddocks were selected for the investigation. In three of these, three sows in succession occupied the paddocks from October 1998 to April 1999 and two sows in succession from October 1998 to February 1999 occupied the last paddock. During the entire period, water and feed were offered to the sows at the end of each paddock and a hut was positioned within 7 m from this point. During lactation, each sow received a total of 376 kg feed mixture containing 24.6 g N kg-1. On average, 10.8 piglets were weaned per farrowing with an average live weight of 14.9 kg per piglet.

Immediately after removal of the last sows in mid-April 1999, the field was ploughed and a mixture of barley (Hordeum vulgare), pea (Pisum arvénse) and perennial ryegrass was sown. Barley and pea were harvested together as a wholecrop for silage in late July, and the perennial ryegrass was left undisturbed during the following autumn and winter. The farm management described complies with current Danish legislation which requires that annual pastures grazed by sows at this stocking density must be ploughed in spring and followed by a spring-sown crop with a catch crop in the autumn. The entire field including paddocks and outside area was managed the same way both prior to and during sow grazing.

Soil sampling

In mid-April 1999 after removal of sows, soil was sampled in the four paddocks in four areas: 0-5, 5-10, 10-20 and 20-35 m from the feeding end of the paddocks. In each of these areas, 16 samples were taken at 0-20 and 20-40 cm depth and pooled for each depth. Similarly, 16 samples were taken from outside the paddocks along a transect across the full length of the paddocks as a control without animals. The content of ammonia and nitrate was determined spectrophotometrically in 1 M KCl (1:2 w/v) soil extracts (Technicon, 1974: Best, 1975). 

Nitrate leaching

Before the start of the experiment ceramic suction cups were installed at 1 m depth in the four paddocks. In each paddock, four groups of suction cups were installed. These were placed 10, 16, 22 and 28 m from the feeding end of the paddocks. Each group consisted of four suction cups positioned in the corners of a 1 x 1 m square. The aim was to determine variations on a small scale (~1 m) as well as a larger scale (6-18 m). In addition, two groups each consisting of four suction cups were installed outside the paddocks as a reference. 

From October 1998 to April 2000, a suction of about 80 kPa was applied about every 2 weeks, 3 days prior to sampling. During summer when no drainage occurred, sampling was omitted. Samples were analysed separately for nitrate content by the method of Best (1975).

The water balance was calculated using the Evacrop model (Olesen and Heidmann, 1990) for which inputs were: daily meteorological measurements (precipitation, temperature and evaporation), crop type, time of sowing and soil physical parameters. The method for calculating the water balance in EVACROP is identical to that of the WATCROS model (Hansen, 1984). Nitrate leaching in each period was estimated using the trapezoidal rule (Lord and Shepherd, 1993), assuming that nitrate concentrations in the extracted soil water represented average flux concentrations. 

Statistical analysis

Statistical analyses of the data were performed using the GLM procedure of the SAS statistical package (SAS, 1990). For nitrate concentrations in soil water analysis of variance was made on log-transformed data to obtain homogeneity of variance, but results in figures are presented as arithmetic means with SE.

Results and discussion

Climatic conditions

The investigation was carried out in a period with high rainfall (Figure 1). In the first autumn and winter where sows were in the field, rainfall (November 1998 to March 1999) was 396 mm and in the following year (April 1999 to March 2000) it was 1166 mm; the 30-year means for these periods are 286 and 712 mm, respectively. As a consequence of the high rainfall, the modelled prediction for drainage was also rather high, especially in the second autumn and winter where 742 mm was expected to be leached below 1 m depth. High winter rainfall has been shown to increase leaching losses, since nutrient leaching is closely related to drainage volume (Shepherd and Bennett, 1998; Eriksen and Askegaard, 2000).

Soil inorganic N

Soil sampling immediately after the end of sow grazing in April 1999 showed that the concentration of inorganic N in soil was unevenly distributed in the paddocks (Figure 2) with the highest values associated with the feeding areas. At the opposite end of the paddocks, concentrations of inorganic N were lower, but still high compared to outside the paddocks. The concentration of inorganic N at 0-40 cm depth was not significantly different at 0-5 and 5-10 m from the feeding area, but was significantly lower at a distance of 10-20 and 20-35 m (P<0.05). This is in good agreement with the results of Eriksen and Kristensen (2001) who found raised levels of inorganic N near feeders, decreasing until 30-40 m distance, where values then corresponded to the inorganic N-level found outside the paddocks. The explanation was that lactating sows tend to receive large quantities of feed and spend more time in the feeding area and less time foraging so that more excreta is deposited in the feeding area. This theory is also supported by the behavioural observations of Braund et al. (1998). 

Paddock 1, with a lower stocking density (2 sows compared with 3 sows in the other paddocks) appeared to have a lower concentration of inorganic N after grazing of sows (Figure 2). At 0-40 cm depth in paddock 1, the concentration of inorganic N corresponded to 290 kg ha-1, whilst in paddocks 2, 3 and 4, it corresponded to 390, 320 and 410 kg ha-1, respectively. However, these were non-replicated measurements, which cannot be verified statistically. Outside the paddocks, the concentration of inorganic N at 0-40 cm depth was ca. 30 kg ha-1.

Generally, about 0.75 of the inorganic N (ammonium and nitrate) was in the top 0-20 cm, mostly in the form of ammonium, reflecting the input of animal manure (Figure 2). At 0-20 cm depth, nitrate constituted only 0.12 of the inorganic N (range 0.03-0.22) and at 20-40 cm, nitrate constituted 0.48 (range 0.13-0.71). This is probably explained by inorganic N in the ammonium form being less likely to leach from the topsoil than the more mobile nitrate ion.

Nitrate in soil water

In soil water sampled at 1 m depth using ceramic suction cups nitrate concentrations were influenced by the distance from the feeding area (Figure 3). Although values were always higher inside the paddock compared with outside; the highest values were observed within 16 m from the feeding place. At greater distances, concentrations found at the 22 and 28 m sampling points were similar.

Only from March 1999 were differences between distances significant; first at the P<0.05 significance level, but later at P<0.01 and P<0.001 level (after mid-April 1999). Subsequently, the effect of sow grazing gradually levelled off and from December 1999 onwards, differences in nitrate concentration were not significant.

Despite a relatively large drainage volume in the grazing period, there seemed to be a delay in nitrate leaching. This was probably due to excreted inorganic N being predominantly in the less mobile ammonium form, as described above. The transformation to the mobile nitrate form by nitrification depends on soil moisture, aerobic conditions, temperature, etc. and during the winter months the process may have been retarded.

The high average nitrate concentration close to the feeding area (Figure 3) included wide variations. The data contained many instances where suction cups which where only one metre apart had very different nitrate concentrations. Undoubtedly, this was caused by the heterogeneous nature of animal depositions. Urination by sows can be expected to result in areas with high loadings of N, similar to the random pattern of urination by cattle which can result in depositions of between 400 and 1200 kg N ha-1 (Hack-ten Broueke et al.,1996). Preferential flow of nitrate can take place in macro pores formed by the burrowing activity of earthworms (Shipitola et al., 1994). In the present study, however, it is unlikely that the peaks in nitrate leaching were due to preferential flow. In this sandy soil, concentrations increased only gradually across several samplings. 

Nitrate leaching

The accumulated nitrate leaching was estimated from nitrate concentrations and the modelled drainage volume in the autumn and winter with grazing sows and in the following autumn and winter after sows were removed and the paddocks were ploughed. During the first winter, leaching losses were relatively low (25-30 kg N ha-1), both in and outside the paddocks (Figure 4), but in the following autumn and winter losses were considerable (Figure 4) and highly dependent on the distance from the feeding area (P<0.001). Even outside the paddocks, leaching losses were considerably increased compared with those in the previous year. This may have been caused by the increase in N mineralization usually observed following ploughing of grassland (Cuttle and Scholefield, 1995). On average, nitrate leaching losses inside the paddocks were 320 kg N ha-1 but with the major part near the feeding area. Leaching losses 10 and 16 m from the feeding place were 500 and 330 kg N ha-1, respectively. Further away, 22 and 28 m from the feeding place, 200 kg N ha-1 was leached. Leaching losses at 22 and 28 m were not significantly different from each other (P<0.05).

The additional nitrate leaching determined as the difference between leaching in the paddocks and the ‘background’ leaching outside paddocks, were 126-276 kg N ha-1 in the four paddocks over the two years. 

Possibilities for reduction of nitrate leaching

Nitrate concentrations below the root zone that considerably exceed the European Community Drinking Water Directive upper limit of 50 mg 1-1 are undesirable and need to be reduced. As 0.32-0.90 of the N-surplus in the paddocks was lost through leaching, a reduction in the N surplus may be expected to reduce nitrate leaching. A reduction of the feed input to sows and improvement of feed utilization may achieve this. In this study and in current practice, outdoor sows are offered about 0.10 more feed than indoor feeding standards prescribe because of a higher energy consumption. However, this may lead to an oversupply of protein and consequently a poorer N utilization (Larsen, 2000). 

The N surplus per hectare may be reduced by lowering the stocking density provided that the excreta are more homogeneously distributed. However, this study demonstrated the need for changes in management in the paddocks to improve the homogeneity of deposition of excreta. Similar to the finding of this experiment, Eriksen and Kristensen (2001) have shown that for lactating sows the distance to feeding place is the dominant factor in N excretion in paddocks. It was suggested that individual paddocks, as in this experiment, would produce a more uniform distribution of nutrients compared with larger common paddocks where more sows may excrete near the same feeding area. This study showed that even with individual paddocks nutrient distribution is an important issue.

Conclusion

The combination of sandy soil with lactating sows and high winter rainfall lead to a large proportion of the N surplus in paddocks being lost by nitrate leaching, mainly in the year after grazing. Especially near the feeding area leaching losses were high due to substantial nutrient deposition. To reduce nitrate leaching from such systems stocking density and level of dietary nutrient input must be adjusted and more uniform distribution must be obtained by manipulating the excretory behaviour of the sows through regularly shifting the position of the feeding area.
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