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Abstract

For animal welfare reasons, outdoor pig production is fast getting popular in
Switzerland. We studied nutrient and heavy metal input, effects on soil structure and
potential nitrate leaching in such systems with sows and fattening pigs on seven
farms. The phosphorous (P) input was 50-340 kg/ha for fattening pigs and 12-150
kg/ha for sows. The heavy metal input surpassed the uptake of a meadow by 100-
500 % for copper (Cu) and by 300-800 % for zinc (Zn). Potential nitrate leaching
during eight months can be estimated at about 100 kg/ha N for the two mineral soils
studied and at 200-250 kg/ha N for the organic soil. Soil compaction was considera-
ble, mainly in feeding and shelter areas.

Keywords: outdoor pig production, nutrients, heavy metals, nitrate leaching, soil
compaction, environmental impact

Résumé

Les considérations de bien-être des animaux ont induit un intérêt accru pour la
production porcine plein air. Nous avons étudié les bilans minéraux et les apports de
métaux lourds, ainsi que les effets sur la structure du sol et sur le potentiel d’azote
nitrique lessivable de tels systèmes avec truies et porcs à l’engrais au siège de 7
exploitations. L’apport en phosphore s’établit à 50-340 kg/ha pour les porcs à
l’engrais et 12-150 kg/ha pour les truies. Les apports de métaux lourds excèdent les
exportations par les plantes de l’ordre de 100-500% pour le cuivre et de 300-800%
pour le zinc. Le potentiel de lixiviation des nitrates varie entre 100 et 250 kg N/ha
selon la nature du sol.

Mots-clés : production porcine plein air, bilan des minéraux, métaux lourds, lixiviation
des nitrates, compaction du sol, impact environnemental.
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1. Introduction

In the past three years outdoor keeping of sows and fatteners has fast gained
importance in Switzerland as an animal friendly pig production system in label
programs. Various examples on pioneer farms demonstrated that under Swiss
conditions the system might pose ecological problems. This is all the more important
as consumers expect animal friendly systems to be ecological too. As part of an
interdisciplinary program to work out recommendations for outdoor pig production
under Swiss conditions (Ingold and Kunz, 1997) the most important ecological
impacts expected were therefore studied on a number of practical farms. Work
primarily concentrated on soil compaction, nutrient and heavy metal input and nitrate
leaching. The aim was to show under what conditions the ecological risk would be
too high and to define recommendations for ecologically acceptable outdoor pig
production. Furthermore, outdoor pig production was used as a first example to gain
experience in searching for  feasible compromises in conflicting aims between animal
welfare and ecology.

2. What we studied

The main part of the study (except nitrate) was done on six farms in different parts of
north-eastern Switzerland. All farms were situated between 350 and 520 m above
sea level. One was on a sandy alluvial soil, the others  on heavier soils with a clay
content between 15 and 35 percent. Precipitation was around 80-120 cm per year for
all farms. Five of the farms kept 3-10 sows of which all piglets were fattened on the
farm up to about 100 kg live weight. The sixth farm had about 50 sows and sold most
piglets at 20-30 kg.

The effect of the pigs on soil structure was treated in a qualitative way by regular
observations on various plots on all six farms over a period of about two years. No
quantitative measurements were made due to the great variability within plots.
Observations were mostly done by judging the soil structure using 1 m deep soil
cores and "spade samples" of the topsoil. Long-term effects will be studied over
some more years on the same farms.

Nutrient (nitrogen - N, phosphate - P2O5, potash - K2O) input was determined by
balance calculations on four farms using feed quantities and production results
collected by the farmers and analyzed feed contents. In total, the balance for 18
series of fatteners (usually about 30 animals per series) and 34 plots used by
lactating or dry sows were calculated. On a total of 47 soil samples conductivity was
measured to get an idea about salinity.

The heavy metal load was estimated using the mean content of copper (Cu), zinc
(Zn), lead (Pb) and cadmium (Cd) per unit P of pig slurries in Switzerland (Menzi and
Kessler, 1998).
To get a first estimate, the nitrate leaching potential of the pig plots the content of
mineral nitrogen (Nmin) in 0-90 cm soil depth was measured every two weeks on
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three different grassland plots with pigs from May till December 1996. Plot a) was on
a loamy soil with a clay content of 17 % and had a mean animal density of about 130
fatteners per hectare for the eight months of the study. It thus received approximately
1300 kg ha-1 N with excrements. Plot b) was on a sandy soil and had a mean animal
density of about 100 fatteners per hectare from May till September, thus receiving
about 500 kg ha-1 N by excrements. Plot c) was on a humic soil with a mean animal
density of 16 dry sows per hectare from May till October, thus receiving about 140 kg
ha-1 N by excrements. Four samples were taken from the main "grazing" part of each
plot. These results were compared to a control sample taken just outside the pig plot
in an area that had previously been farmed together with the pig plot. In addition, on
plot a) and b) one sample from the surroundings of the shelter and from the feeding
area was analyzed. Every sample was mixed from six sub-samples. For an estimate
of nitrate leaching, the nitrate content of the soil was multiplied by the difference
between precipitation and evapotranspiration for every two week period of the study
(Menzi and Stauffer, 1997).

3. Results

3.1. Soil structure

If pigs are permanently kept outdoors over the whole year, their effect on soil
structure can be considerable :

• As could be expected, the physical impact on the soil was greatest in the
wallowing places and in the vicinity of shelters and feeding installations, because the
soil there is often wet and can be kneaded by the pigs up to a depth of more than 25
cm. In addition, soil compaction tends to be highest around the exit of the shelter
because of the frequent passing of the animals.
 
• The compaction of the topsoil was sometimes considerable, especially on soils
with a high clay and silt content. Apart from the more intensive  compaction on such
soils, a greater area is usually affected than on sandy soils. Nevertheless,
compaction in the major part of the plots was usually limited to the top 10-15 cm, so
that the sub-soil was not affected.
 
• The risk of soil compaction increased in wet weather conditions. A high risk was
also observed in shady places which dry off slowly and in areas where the soil is
strongly influenced by groundwater or perched water.
 
• The burrowing activity of the animals was considerable, especially along the
borders of the plot. Nevertheless, it's effect was rather negligible compared to that of
trampling. Animals with rationed feeding showed a higher burrowing activity than
those fed ad libitum. There was a tendency that burrowing was less on stonier soils.
A direct impact on the sub-soil was also observed in some cases in spots where the
topsoil was removed by burrowing.
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• The plant cover also had a clear influence on the physical impact of pigs on the
soil. Where the pigs were kept on older grassland at reasonable animal density, a
good proportion of the sward was sustained. This clearly had a positive effect on the
soil structure. Nevertheless, during wet and rainy periods of longer duration plant
cover and soil structure could sometimes deteriorate drasticly within a few days.
 
• Permeable soils with a high sand and stone content were less affected by the
pigs than  heavier soils with higher clay and silt content.
 
• Increased erosion was hardly observed in this study because pigs were mostly
kept on more or less flat land. The water holding capacity of the soil decreases with
increasing soil compaction. Consequently, a higher risk of impeded infiltration
followed by surface runoff and erosion can be expected where pigs are kept on
sloped land.
 
• The two winters in our observation (1995/96, 1996/97) were rather dry and frosty.
The frost in most cases was able to restore an acceptable soil structure to about 10
cm depth. Below that depth, kneaded soil areas were usually maintained. A general
statement of how long it will take compacted and kneaded soils to recover is not yet
possible because of the great importance of uncontrollable weather conditions.

3.2. Nutrient input per hectare

Mean nutrient excretions per fattener and rotation were 4.9 kg N, 2.1 kg P2O5 and 1.7
kg K2O, which corresponds well with official Swiss guide values (5.0 kg N, 2.3 kg
P2O5, 2.0 kg K2O; Walther et al., 1994). For sows (including piglets until weaning)
mean excretions per animal per day were 88 g N, 47 g P2O5 and 44 g K2O, which is
15-20 % higher than the guide value. This difference can be explained by the feed
content. As expected, lactating sows had higher excretions than dry sows. For the
two farms which furnished independent data for lactating and dry sows, this
difference was 8-13 %.

The nutrient input per hectare varied within a wide range, depending on animal
density and the duration of the animals being on the same surface (fig. 1). The
average for fatteners was more than double that of sows for all nutrients (table 1). All
farms kept their fatteners on the same surface for the production of one batch of
animals. The mean animal density was 119 animals per hectare (84 m2 per animal).
The density decreased in the course of the observations due to our
recommendations and growing awareness of farmers to ecological problems. For
sows, animal density and the duration of utilization of the same surface varied widely.
The utilization intensity is therefore best given in "sow days" per hectare (e.g. 20
sows per hectare for 4 months = 2400 "sow days" ha-1). For the lactating sows the
average intensity was 2300 sow days ha-1, for dry sows 3080 sow days ha-1.
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Figure 1
Animal density and nitrogen (N) and phosphate (P2O5) excretion per hectare for

the 18 batches of fatteners and 34 plots with sows on the four farms studied.

fatteners sows
m2 per animal average 84.5 398

range 33.5-139 118-1300
utilization per plot (days) average 123 78

range 99-147 13-161
sow days1) per ha average -- 2627

range -- 423-8596
excretion kg N ha-1 average 695 223

range 290-1890 52-640
kg P2O5 ha-1 average 292 118

range 120-770 28-350
kg K2O ha -1 average 234 110

range 96-590 22-320
1) sows per hectare times number of days on the surface.

Table 1
Surface per animal, duration of utilization per plot and nutrient excretions per
hectare on the four farms studied. Average values and ranges for a total of 18

batches of fatteners and 34 surfaces with sows.

To assess the nutrient balance of the surface, the nutrient load in animal excrements
can be compared directly to the nutrient demand of crops for P2O5 and K2O, as no
significant loss is expected. For N, Swiss nutrient balance guidelines assume 40-50
% of the N excreted by pigs to be plant available. For fatteners, the mean nutrient
load brought to the surface by excrements clearly surpassed the yearly nutrient
demand, which according to Swiss guide values (Walther et al., 1994)  is 100-150 kg
ha-1 N, 50-100 kg ha-1 P2O5 and 100-300 kg ha-1 K2O. For sows the average load
was approximately equal to the demand of intensive crops. The maximum loads
observed with fatteners as well as sows by far surpassed crop demand. What
surplus can be excepted as ecologically reasonable or as compensatable in the long
term, is a question which can hardly be answered on purely scientific terms. It must
be assumed, that the ecological risk will in any case increase with higher surplus. A
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consensus was reached between different experts, that a surplus of 50-100 % could
be acceptable, if it is compensated in the following crops.
As excrements are usually not evenly distributed over the whole surface, the local
nutrient load can differ considerably from the average. Observations showed that
feces were distributed much more evenly than urine. A high urine load was observed
especially near the shelter exit of fatteners during winter months. High
measurements of salinity and N in these areas as well as poor development of
following crops confirmed that this local urine load can reach problematic levels. As
the area concerned does usually not surpass few  m2, the problem is of very local
significance.

3.3. Salinity

Conductivity measurements in soil samples taken after the removal of the pigs in
most cases showed an increase in salinity compared to control samples taken
outside the pig surface. For the "pasture part" of the surface (excluding shelter and
feeding area) the average increase of four plots studied was 39 %. Values did not
reach problematic levels. Of 10 samples taken in the shelter area the average
increase was 150 % and three samples each were in the categories "possible
damage to susceptible crops" (70-150 mg KCl per 100 g soil; Walther et al., 1987)
and "possible damage to many crops" (>150 mg KCl per 100 g soil). As mentioned
above, this problem can be considered to be of very local importance due to the
small surface concerned.

3.4. Heavy metal input

Cu and Zn loads calculated on the basis of mean contents of pig excrements (Menzi
and Kessler, 1998) clearly surpassed the yearly uptake of crops (table 2). For
fatteners this value for Zn even surpassed the maximum load allowed for sewage
sludge (3333 g ha-1 year-1). Should the Cu and Zn content of the feed be above
average, the load could be significantly higher than calculated. In any case Cu and
Zn input must be considered a problem with ecological importance.

3.5. Potential nitrate leaching

The mean amount of Nmin in the soil was above 100 kg ha-1 from June to November
and clearly higher than in the control samples on all three sites studied. Maximum
values were over 250 kg ha-1 on the sandy and the humic soils (sites b) and c)).
Nitrate-N concentration of the soil water was 100-200 mg N l-1 on the loamy clay soil
(site a)), 100-800 mg N l-1 on the sandy soil and 100-350 mg N l-1 on the humic soil.
The estimated nitrate leaching gave results around 100 kg N ha-1 for the loamy lay
soil and the humic soil and 200-250 kg N ha-1 on the sandy soil. These amounts
could be problematic in the vicinity of drinking water catchment areas. The fact that
potential leaching was not higher on site a) in spite of the much higher N input
demonstrates that soil type and mineralization induced by burrowing are also
important factors determining potential nitrate leaching. Thus, with equal animal
density and duration of outdoor pig keeping, leaching can be assumed to be highest
on humic soils and higher on sandy soils than on heavier clay soils.
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content Cu Zn Cd Pb
g kg-1 P2O5

pig slurry 2,1 13,1 0,004 0,04

Cu Zn Cd Pb
load g ha-1 year-1

fatteners 605 3825 1,3 13
sows 245 1546 0,5 5

uptake meadow 65-130 310-470 <1-1,3 25-46

Table 2
Mean heavy metal content per kg P2O5 in pig slurries (g kg-1 P2O5; Menzi and Kessler,

1998; Cu - copper, Zn - zinc, Cd - cadmium, Pb - lead) and average metal load of
outdoor pigs calculated on the basis of table 1. Comparison with the annual heavy

metal uptake of a meadow (yield 10 t DM ha-1, heavy metal contents of grass
according to Steiger and Baccini, 1990)

In the shelter areas the Nmin content of the soil was 150-350 kg N ha-1 on site a) and
600-1700 kg N ha-1 on site b). Nitrate leaching would therefore be considerably
higher in these areas than on the rest of the surface. Again, the importance of these
"hot spots" must not be overestimated because they make up only a small part of the
total surface. Nevertheless, a better distribution of the excrements and animal activity
could help to reduce total nitrate leaching of the outdoor pig surfaces.

4. Practical recommendations for ecologically feasible outdoor
pig production

All farmers keeping outdoor pigs should be aware of its potential of negative effects
to soil fertility and water quality. In the interest of a sustainable production and
good acceptance with consumers they should follow the subsequent
recommendations as closely as possible :

4.1. Careful choice of suited surfaces

• Best suited are flat surfaces on light or medium heavy soils. Unsuited are heavy
and wet soils in regions with high precipitation (Zihlmann and Weisskopf, 1997).
• Catchment areas of drinking water are unsuited.
• Sloped surfaces should not be near lakes or creeks because of run-off losses.
• Grassland is better suited than bare arable land because of its higher bearing
capacity (less damage to soil structure) and its nutrient uptake.
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 4.2. Reasonable animal density
 
• At least 150-200 m2 should be available per fattener and rotation. Nutrient
excesses, soil structure damage and potential nitrate leaching would be too high with
a higher animal density.
• For sows the utilization intensity should not surpass 2500-3500 "sow days" (e.g.
300-500 m2 per sow for 3-5 months).
 
 4.3. Optimized feeding strategy
 
• The protein, phosphorous, copper and zinc content of the ration should not
exceed animal needs.
 
 4.4. Well adapted installation and organization of the pig surface
 
• Animals should be induced to distribute their activity and excrements more evenly
on the whole surface. This can be achieved by a wide   distribution of shelters,
feeding area and wallowing place as well as by  a regular displacement of the
shelters.
• The feeding area should be covered by a hard but water permeable surface.
• The number of wallowing places should be as limited as possible (one per plot).
 
 4.5. Agronomic considerations
 
• The nutrient input (especially P2O5) should be accounted for in the subsequent
crop.
• Wherever possible, the pigs should be kept on an established grass sward or
other surfaces with plant cover, especially in regions and periods with high
precipitation.
• After outdoor pigs it is advisable to use the surface for crops with a good
tolerance of high local nutrient concentrations (e.g. maize or sown grassland). If
necessary, the surface should be leveled out.
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