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Abstract

Pens in outdoor pig systems in general become permanent during the grazing period. The excretion behaviour of the pigs creates plant nutrient hotspots within  pens. In this study we developed a mobile organic piggery (MOP) without electric fencing that can be moved to a new grazing area each day. The aims were to distribute plant nutrients evenly, provide the pigs with continuous access to fresh herbage, and improve productivity and the working environment. Initially, 25 fattening piglets were installed in the MOP on a clover/grass ley. Nitrogen, P and K flows to and from the MOP were monitored during 87 days. The purchased feed included 80% of the energy norm for pigs in indoor systems and the pigs were automatically fed. The MOP was moved 65 times. Behavioural studies including excretion behaviour were conducted during a two-week period. Net nutrient accumulation was 88 kg N, 31 kg P and 10 kg K ha-1 for the total grazing area (4212 m2). Average liveweight gain was 675 g day-1. Average feed conversion rate was 2.7 kg feed kg-1 liveweight gain. The pigs grazed, on average, almost half the day. With the MOP system it was possible to use a lower quality concentrate feed in terms of energy and protein supply in combination with regular access to fresh herbage. The MOP system also allowed a more even distribution of animal manure within the total grazing area, compared with permanent pens. Avoiding harmful point loads of nutrients decrease the risk of nutrient losses.

Introduction

More economical and environmentally-friendly outdoor systems for organic fattening pig production are urgently required. The organic outdoor systems currently used in Sweden have to give pigs access to grazing during the summer. In reality, pens with electric fencing become permanent during the grazing period, which makes it more difficult to harvest surplus grass and to sow a winter crop on rooted areas. Feed are transported across the grazing area regularly, increasing the risk of soil compaction (Andresen, 2000). Although each pen may have a balanced overall pig density (corresponding to an application of 22 kg P ha-1 year-1 in Sweden), pig defecation and urination behaviour can create unacceptable point loads of nitrogen (Salomon et al., 2007a). 

Homogeneous distribution of manure is expected to be a key factor in optimising plant nutrient availability in crop production, while also decreasing the risk of plant nutrient losses. Movement of the pen to provide continuous access to new grazing also stimulates forage intake by pigs, which can decrease the need for purchased feed (Andresen, 2000). However, equipments and fences currently available for outdoor production are not sufficiently user-friendly to allow regular moving. Screening of the working environment on six organic pig farms showed that manual feeding and watering increased the risk of accidents and created an unacceptable ergonomic load, compared with semi-automatic feeding (Geng & Torén, 2005). 

The aim of this study was to develop and evaluate a mobile organic piggery (MOP) without electric fencing that can be moved to a new grazing area each day. Specific objectives were to create an outdoor system that: 1) Gives an acceptable distribution of nutrients; 2) provides continuous access to fresh herbage; 3) increases the possibilities of establishing a subsequent crop; 4) reduces working time and work load; 5) improves pig liveweight production.

Materials and methods

The two MOP prototypes developed were evaluated during two grazing periods on a commercial organic pig farm that had its own sows and bred its own piglets. This pig farm is situated in southern Sweden (56o02’N 13o42’E), with a mean annual temperature of 7.4°  C and a mean total precipitation of 773 mm (local meteorological station). The soil at the site is a sandy loam.

The construction of the MOP2 year 2 (hut and pen) was designed to house 30 fattening pigs and to allow smooth repositioning by tractor under field conditions. The rectangular pen (9 x 6 m2) is made of 10 guardrails of steel tubing. Each guardrail rests on steel runners to allow smooth forward movement. The corners of the pen are flexible to prevent breakages during turning. The rear end of the pen is stabilised with a road-drain. The hut (9 x 3 m2) has no floor but three walls and a roof. The fourth wall is partly open to allow access for the pigs. The hut has three wheels, adjustable in the vertical direction. During transportation on roads the pen can be dismantled and the drawbar can be moved to the gable of the hut. Within the MOP, the pigs have access to purchased feed, drinking water and a bath-tub (3 m2) linked to the back gable of the hut. 

In the second year MOP2 was constructed and evaluated. Based on former experiences, the pen design from MOP1 year 1 was used without modifications (Salomon et al., 2007a). However, the hut was modified to include a 9-m long feed container for storage of one week’s feed requirements. Along the bottom of the feed container run upper and lower augers with steel casings. The lower auger has an outlet for feed every 0.6 m, corresponding to alternate feeding stations, and is run by a 12 V battery supported by a solar cell. A time relay controls how much, when and how often the pigs are fed. Below the feed container is a 9 m long feeding trough where up to 30 pigs have space to feed at the same time.

The experimental period was 87 days. In May, 25 fattening pigs with an average liveweight of 36.8 kg were installed in MOP2 on a first year clover/grass ley. Nitrogen, P and K flows to and from MOP2 were monitored (Eq. 1). Behavioural studies including excretion behaviour were conducted every day over a two-week period. 

MOP2 balance = [Purchased feeds + Piglets] – [Pigs + Ley harvest]
(Eq. 1)

The planned frequency of moving MOP2 was based on a maximum N application of 170 kg ha-1 according to the EU Nitrate Directive. The concentrate feed contained 80% of the energy norm for pigs in indoor systems and the crude protein content was 15.9 % of DM (dry matter). Lysine was 6.1 g kg-1 DM and methionine 2.3 g kg-1 DM in the concentrate. This corresponded to 72.5% of the norm for lysine and 89.1% for methionine. The amounts fed per week were based on farm documentation. The pigs were automatically fed at 6.00 a.m, 11.00 a.m,  4.05 p.m and 8.00 p.m. 

The pigs were weighed individually at the start of the trial and three times before slaughter. The average liveweight at slaughter was 110 kg pig-1. Nitrogen, P and K contents in pig carcases were taken from the literature. One cut of silage was taken in June on half the total grazing area. Analysis of the clover/grass ley showed a plant nutrient content of 12 g crude protein, 3.7 g P and 31.5 g K kg-1 DM.

General behavioural studies on 5 pigs were conducted for 4 h in the morning and 4 h in the afternoon. Grazing, rooting, passive and other activities conducted in the hut and at the front and back of the pen were recorded on these occasions. Continuous recordings were made for defecation and urination.   

Results 

Tab. 1: Plant nutrient balance for the total grazing area (4212 m2) traversed by 25 fattening pigs during 87 days

	Flow
	N
	P
	K

	Pigs, kg in
	+24
	+5
	+2

	Feeds, kg in
	+86
	+23
	+19

	Pigs, kg out
	-66
	-13
	-5

	Harvested silage, kg out
	-7
	-2
	-12

	Balance, kg per hectare
	+88
	+31
	+10

	Balance, kg per fattening pig
	+1.5
	+0.5
	+0.2
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The largest inflow of N, P and K was from purchased feed, while the largest outflow of N and P was from pigs and of K from harvested silage. The balance resulted in a net accumulation of N, P and K on the total grazing area (Table 1). 

Figure 1: Foraging behaviour, expressed as average % day-1.

The average liveweight gain was 675 g day-1 which corresponded to 33.6 MJ (metabolisable energy) kg-1 liveweight gain. Feed conversion rate was on average 2.7 kg feed kg-1 liveweight gain. There was no remarks on defective pig health from the abattoir. On average, the pigs grazed almost half the day (Figure 1). Defecation and urination behavioural studies showed that the pigs excreted without exception outside the hut, preferably at the back of the pen.

Discussion

The net accumulation of 88 kg N ha-1 and 31 kg P ha-1 was environmentally acceptable and lower than with MOP1, for which the corresponding values were 155 kg N ha-1 and 48 kg P ha-1. One important reason for this was that MOP2 was moved more frequently (65 times) than MOP1 (36 times) (Salomon et al., 2007b). Frequent moving distributes nutrients in faeces and urine more evenly compared with stationary pens (Salomon et al., 2007a). On average, each pig received 3.7 kg N with purchased feed, which was lower than with MOP1 (4.6 kg N pig-1). The reason was that with MOP1, the feed consumption was too high due to spillage and manual feeding in feeding troughs once a day, which made it difficult to adapt feed intake to pig liveweight.

The feed conversion rate was on average 2.7 kg concentrate feed kg-1 liveweight gain, which was lower than in MOP1 (3.0 kg concentrate feed kg-1 liveweight gain)  and rather low for organic pig production in general (Andresen, 2000).  The forage intake thus influenced the growth rate positively, although in this experiment we did not measure actual forage intake. It has been reported that when pigs are frequently given access to new grazing areas, they spend more time grazing than in permanent pens (Andresen, 2000). Growth rate in this experiment was lower than in conventional production, which can be explained by the low crude protein content and rather low quality of the concentrate protein in terms of lysine and methionine content. In terms of feed conversion, the results were comparable to Swedish indoor pig production. 

Conclusions 
With the MOP2 system it was possible to use a lower quality of feed in terms of energy and protein supply in combination with regular access to fresh herbage. The MOP system also allowed a more even distribution of animal manure within the total grazing area, compared with permanent pens. Avoiding harmful point loads of nutrients decrease the risk of nutrient losses.
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