ENVIRONMENTAL IMPACT OF OUTDOOR PIG PRODUCTION:
SOIL P FORMS EVOLUTION, SPATIAL DISTRIBUTION
AND P LOSSES IN DRAINAGE WATERS
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ABSTRACT

When compared with intensive indoor pro-
duction, outdoor pig production is consid-
ered by consumers as the production system
that causes the least negative environmental
effects and contributes to animal welfare.
Nevertheless, the continuous input of nutri-
ents in food or pig excretions, increases soil
nutrients levels, as is the case with phospho-
rus (P). This continuous soil P input may
exceed soil retention capacity for phosphate
and could lead to loss/transfer of P from soil
to drainage or runoff waters, contributing to
non point source pollution of superficial wa-
ters. The main objective of this work was to
evaluate the impact of outdoor pig produc-
tion on soil P levels, its spatial and temporal
distribution and also P loss from this area to
drainage waters. Experimental outdoor pig
production area has 2.8 ha, slope between 5
and 30%, with an animal charge of 9 adults/
ha. An increase in soil P, evaluated by the Ol-
sen procedure (P-Ol), and in P inorganic (Pi)
and organic (Po) can be observed. In winter
there are important P losses by rainfall but it
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was observed also a global increase in soil P
levels with time. P lost in drainage waters is
correlated with soil P-Olsen or Pi. Levels of
soil P-Olsen above 20 mg kg exceed soil P
adsorbing capacity causing a significant in-
crease in P transfer to drainage waters. Better
management practices and a better choice of
an area with less erosion risk are important,
in order to prevent eutrophication of water
bodies.

Keywords: Drainage, eutrophication, phos-
phorus, pollution, slurry.

RESUMO

A produg@o de suinos ao ar livre é consi-
derada pelos consumidores como um modo
de producdo mais amigo do ambiente ¢ do
bem-estar animal. No entanto, os nutrientes
contidos na ra¢do e no “excreta” dos suinos
sdo continuamente introduzidos no solo con-
duzindo a aumentos significativos desses nu-
trientes no solo, em especial do fosforo (P).
Esta continua adi¢@o de P ao solo pode exce-
der a sua capacidade de retengdo originando
perdas significativas de P para as aguas de
drenagem e de escoamento superficial, con-
tribuindo para a poluigdo difusa das aguas
superficiais. O principal objectivo deste tra-
balho foi avaliar o impacto da producao de
suinos ao ar livre sobre o teor em P do solo
avaliando a sua distribuicdo espacial e tem-
poral, e avaliar também a perda de P através
das aguas de drenagem interna do solo. A

Revista de Ciéncias Agrarias — Vol. 35, 1, jan/jun 2012, 4: 36-48, ISNN: 0871-018 X



ENVIRONMENTAL IMPACT OF OUTDOOR PIG PRODUCTION: SOIL P FORMS EVOLUTION,
SPATIAL DISTRIBUTION AND P LOSSES IN DRAINAGE WATERS 37

unidade experimental de producdo de suinos
ao ar livre deste trabalho tem 2.8 ha, um de-
clive entre 5 e 30% e uma carga animal de
9 adultos / ha. Observou-se um aumento do
P do solo, quer do P biodisponivel (P Olsen,
P-Ol) quer do P inorganico (Pi) ou organi-
co (Po). No Inverno observaram-se elevadas
perdas de P por erosdo e escoamento super-
ficial, mas ao longo do tempo observou-se
um aumento global do P no solo. Um teor
em P-Ol > 20 mg kg originou um aumen-
to significativo na perda de P para as aguas
de drenagem interna. Melhores praticas de
maneio da unidade experimental, bem como
uma escolha da area de producao menos sus-
ceptivel a erosao, conduzirdo a uma preven-
¢do nos riscos de perda de P e na eutrofizagdo
das aguas superficiais.

Palavras-chave: Chorume, drenagem, eu-
trofizagao, fosforo, poluicao.

Abbreviations: EC, electrical conductivity;
Co, organic carbon; P, phosphorus; P-Ol, P-
Olsen; P1i, inorganic P; Po, organic P; Pt, total
P; Pd, dissolved inorganic P; Pk, paddock.

INTRODUCTION

Nowadays consumers are concerned not
only about food safety, but also about envi-
ronmental impact of animal husbandry and
animal welfare. Therefore, outdoor exten-
sive pig production is gaining acceptance
when compared with industrial indoor sys-
tems. In respect to environment, outdoor ex-
tensive pig production is assumed to cause
the least negative effects when compared to
intensive indoor production. The assump-
tion is based on lower socking rates, and
smaller amount of bio-solids produced per
m? of outdoor pig production. However,
the fact that these bio-solids are deposited
directly on the soil, instead of treated in
stabilised pounds, as required by intensive
pig production, leads to other environmen-
tal questions: soil has a limited capacity of
depuration and the continuing addition of

bio-solids might exceed soil capacity for ad-
sorbing some nutrients (Watson et al., 2003;
Torrent et al., 2007). Thus, in some areas,
outdoor pig production might induce a de-
crease of drinking water quality (Eriksen,
2001) and the eutrophication of superficial
waters (Shigaki F. et al., 2007), caused by
the movement of nutrients, namely N and P,
from soil to drainage or runoff waters. This
non point source pollution depends, among
other factors, on soil properties, number of
animals per hectare and management prac-
tices. It is now well established that incor-
rect procedures in outdoor pig production
lead to heavy environmental impacts (Quin-
tern and Sundrum, 2006; Zeng et al., 2006;
Salomon et al., 2007). In recent years, in
Portugal, there was an increase in the num-
ber of new outdoor pig production units. For
the next years, this strong growth is likely
to continue because there are good market
opportunities on the one hand, and because
agricultural policy stimulates this sector,
on the other hand. Therefore, one can ex-
pect that daily P inputs in these areas from
pigs feed and excreta my lead to increases
in soil P level above its retention capacity,
causing increase on P transfer from soil to
runoff or drainage waters. P transfer from
soil to water bodies, from agricultural areas
as non point source pollution, is considered
nowadays as the main source of water bod-
ies’ eutrophication.

There are no available data from the Por-
tuguese areas under outdoor pig production
and also under particular ecological condi-
tions of soils, climate and Quercus Mediter-
ranean forests. Outdoor pig production areas
are in general located in marginal areas in the
farm with bad topographic location in terms
of high slope and shallow soils having high
risk of soil erosion. In addition pig behav-
iour and soil without cover makes soil ero-
sion and loss of nutrients by runoff easier. In
this work we tested the hypothesis that de-
spite this high risk of P lost by erosion and
runoff, soil P level will increase with time
and this increase will cause continuous loss-
es of P from soil to drainage waters.
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MATERIALS AND METHODS

This experiment was carried out on an out-
door pig production, at the Polytechnic School
of Agriculture at Castelo Branco (Portugal)
farm, from January 2005 till February 2007.
Climate is typically Mediterranean, with an
average (1986-2005) temperature of 15°C (33
°C and 3 °C monthly averages maximum and
minimum temperatures respectively) and 734
mm annual rainfall (Horta and Nunes, 2006).
The experimental unit has an area of 2.8 ha
(Fig. 1), occupied by Quercus suber (mainly)
and by Olea europea. This area was divided
in 6 paddocks (Pk1 to Pk6) where pigs were
distributed by breed (Alentejana and Bizara,
both local breeds), sex and physiological
state (Alentejana females (PkS5), Bizara fe-
males (Pk4), males (Pk1), pregnant/lactating
Alentejana females (Pk2), pregnant/lactating
Bizara females (Pk3) and the last for weaned
piglets (Pk6). In all paddocks slopes vary be-
tween 5% and 30% (Fig. 1).

Background soil properties were evaluated
by sampling soil in January 2005 (Table 1).

After this initial characterization evolution
on soil P forms with time and its spatial dis-
tribution were evaluated by sampling soil as
follows:

1- Two composite soil samples were taken
in each paddock. One was sampled in the
area near the feeders and wells considered
at the beginning of the experiment as a dirty
sector (S1), and another composite soil sam-
ple of the remainder area (S2). At this time
this last soil sample was considered to be
taken from a clear sector. Soil sampling dates
were 01/May/ 2005 (period 1), 01/Jul/2006
(period 2) and 01/Feb/2007 (period 3). Sam-
ples were denominated by paddock (Pkl to
Pk6), by sector (S1-dirty; S2-clear) and by
date of sampling (period 1 to 3). In total 6 x
2 x 3 soil samples were taken. Soil samples
were analysed for: organic carbon (Co) pH,
electrical conductivity (EC) inorganic P (Pi),
organic P (Po) and bioavailabe P quantified
by Olsen procedure (P-Ol) 2- For the spa-
tial distribution of soil P forms 60 positioned
randomized soil samples were taken in all the

area from a network of 5 x 5 m. Depth of soil
sampling was always 0.20 m. In these soil
samples P forms were evaluated by the quan-
tification of bioavailable P (P-Ol), inorganic
P (Pi) and organic P (Po).

To sample drainage water four ceramic
suction cups (two cups by sector) were in-
stalled at 0.60 m depth in each paddock.
Drainage water was collected in winter of
2005-2006 and of 2006-2007 after precipi-
tation events more than 10 mm. Drainage
waters were than analysed for pH, electrical
conductivity (EC), total P (Pt) and dissolved
inorganic P (Pd). At February 2007 simulta-
neous soil and drainage water samples were
collected. Analytical methods used for soil
and drainage water characterization are de-
scribed in Table 2.

Total rainfall in the period of the ex-
periment was: 71.7 mm (01/Jan to 01/May
2005), 740.4 mm (01/May/2005 to 01/
Jul/2006) and 702.1 mm (01/Jul/2006 to 01/
Feb/2007).

Average food intake per animal and day,
was between 2.5 and 3.5 kg of commercial
concentrates, with a total P concentration in
dry matter of 0.4% and with 0.7% for preg-
nant/lactating females.

All animals were weighted at intervals
of 2-4 weeks time. These data were used to
estimate pig pressure (daily average live-
weight; accumulated live-weight) - Table 3
- for the corresponding periods of soil meas-
urements. Accumulated pig live-weight per
m? in the end of experimental period was
84759.3 kg (paddock 4), 55670.7 kg (pad-
dock 5), 43607.7 kg (paddock 2), 30767.5
kg (paddock 3), 22498.8 kg (paddock 1) and
15984.0 kg (paddock 6).

Regression and correlation analysis were
used to evaluate the effect of animal pres-
sure on soil P contamination and on the re-
lation between P levels in soil and in drain-
age water; ANOVA is used to evaluate soil
P contamination between paddocks, between
zones in the paddocks and with time, using
SPSS15. In this work, the symbols *, **, and
*** denote significance at the 0.05, 0.01, and
0.001 probability (P) levels, respectively.
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Geo-statistics analysis was performed by
ArcGIS 9.1. Kriging methodology was used
to estimate P spatial distribution models.

RESULTS AND DISCUSSION

Soil properties

The soil of the experimental area is a Dys-
tric Cambisoil (IUSS, 2006), loamy sand,
acid, poor in organic matter and with low
level of nutrients. Compared to background
values outdoor pig production leads to an in-
crease of all soil properties (Tablesl and 4).

Table 1 - Initial soil properties (January 2005).

Significant differences are observed between
paddocks in all soil properties (Table 4). Sig-
nificant high levels of Co and Po are found in
Pk3, and of EC, Pi and P-Ol in Pké6. In gen-
eral terms it appears that piglets (Pk6) cause
higher increases and soil accumulation of P
and salts. This could be explained by the low
performance of the digestion metabolism of
the piglets. Fernandez et al. (1999) refers that
growing pigs contribute with 59% to P excre-
tion, sows with 26% and weanes with 15%.
In general bioavailability of P in pig feed
grain is low due to phosphate stored mainly
in form of phytate and low level of phytase
enzyme in monogastric causing poor P ab-
sortion and high P excretion. However it is

Properties Properties

Texture Loamy sand Ca”" (cmol, kg™ 0.35 (= 0.002)
Sand (%) 78 (x 1.1) Mg*" (emol. kg')  0.09 (+0.001)
Silt (%) 10 (£ 0.8) Na" (cmol. kg™) 0.01 (+ 0.00)
Clay (%) 12 (+ 0.6) K" (cmol. kg™) 0.05 (+ 0.002)
pH (H,0) 5.1 (£0.07) P-Ol (mg kg™) 7 (+0.4)

EC (dSm™) 0.05 (+ 0.004) P; (mgkg') 64 (£ 4)

Co (gkg™) 8.1 (+0.6) P, (mgkg") 140 (+ 10)

Table 2 - Properties and analytical methods used on soil samples and drainage waters.

Properties Methods Units
Soil

pH Potentiometer with glass electrode in 1: 2.5 (soil

suspension rate)
Electrical conductivity (EC) Conductivimeter: 1:5 (soil suspension rate) dSm’
Organic carbon (C,) Walkley and Black (modified) gkg!
Available phosphorus (P-Ol) Olsen et al (1954) mg kg!
Inorganic and Organic (P;; P,) Olsen and Sommers (1982) mg kg’
phosphorus Quantification by Murphey and Riley (1962)
Exchangeable bases (Ca, Mg, Amonium acetate tamponated at pH=7.0 (extraction) mg kg
Na, K) and quantification by atomic absorption.

Drainage water

pH Potentiometer with glass electrode
Electrical conductivity (EC) Conductivimeter dS m™
Total phosphorus (P,) Persulphate digestion and quantification in the mg L

supernatant according to Murphey and Riley (1962)
Dissolved inorganic phosphorus  Centrifugation with 9000 m s during 10 min and mg L

(Py)

and Riley (1962)

quantification in the supernatant according to Murphey
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Figure 1 — Outdoor pig production area with the paddocks, feeders and wells points, soil and drainage water

sample points, slope and altitude of the area.

possible to increase phosphate bioavailabilty
by using grains with low phytate content, as
some varieties of corn (Wienhold, 2005). In
addition, animal pressure (accumulated pig
LW m?) could only explain to some extent the
increase in organic C (correlation coefficient
0.373, P < 0.001); all the other properties
had no significant correlations with animal
pressure (daily and accumulated LW). Elec-
trical conductivity, inorganic P and P Olsen,
shows significant increases on the paddock
sector considered dirty, i.e., near de feeding
and wells points which are located also in a
zone with low altitude (Figure 1); The evo-
lution of soil properties with time suggests
a different pattern between organic and in-
organic forms. Organic carbon and organic
P increases with time. Electrical conductiv-
ity and P Olsen show the opposite behaviour,
these properties decrease significantly with
time. These results suggest a high variability
in soil accumulation of organic and inorganic
forms during the year. In spring and sum-
mer (dry season) there is a general increase
in soil accumulation both of organic and

inorganic forms. However, in winter (rainy
season) there is a high loss of soil by water
erosion. So, in winter there is loss of nutri-
ents not only by erosion (adsorbed onto soil
particles) but also in soluble forms in runoff
waters. This feature could explain the trend
in the decrease in inorganic forms (EC and
Pi) with time, correspondent to period 3 with
sampling data in February 2007.

Positioned soil samples allow evaluation
of the spatial distribution of soil P forms in
February 2007 (Figures 2 to 4). The general
findings formerly referred can be observed in
these Figures: an overall soil P accumulation
above background values at the experimental
area with higher accumulation (by soil ero-
sion) at lower altitude zones, corresponding
also to proximity to feeders and wells. Depth
of soil eroded during the time of the experi-
ment was from 0.25 m to 0.05 m (Coutinho
et al., 2009).

It is difficult to discriminate between the
effect of altitude/slope and the fixed loca-
tion of feeding points on soil P accumula-
tion, because in spatial terms they are coin-
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Table 3 - Daily average pig live-weight (DLW) per m? accumulated pig live weight (DLW x number days)
per m2, on each paddock.

Area Average kg LW Accumulated kg
2

Paddock Period m . day'] LW m?
01/Jan/2005 - 01/May/ 2005 6,2 748.,4

1 02/May/2005 — 01/Jul/2006 2790 334 14990,2

02/Jul/2006 — 01/Feb/2007 34,9 22498,8

01/Jan/2005 - 01/May/ 2005 15,6 1877,6

2 02/May/2005 — 01/Jul/2006 4870 68,9 31240,0

02/Jul/2006 — 01/Feb/2007 57,5 43607,7

01/Jan/2005 - 01/May/ 2005 16,5 1980,7

3 02/May/2005 — 01/Jul/2006 4820 52,9 24525,5

02/Jul/2006 — 01/Feb/2007 29,0 30767,5

01/Jan/2005 - 01/May/ 2005 11,2 1346,6

4 02/May/2005 — 01/Jul/2006 2620 127,9 55851,1

02/Jul/2006 — 01/Feb/2007 134,5 847593

01/Jan/2005 - 01/May/ 2005 17,5 2100,6

5 02/May/2005 — 01/Jul/2006 3270 89,8 40374,4

02/Jul/2006 — 01/Feb/2007 71,1 55670,7
01/Jan/2005 - 01/May/ 2005 0,1 10,4

6 02/May/2005 — 01/Jul/2006 8720 30,6 13029,2

02/Jul/2006 — 01/Feb/2007 13,7 15984,0

Table 4 - Statistical analysis (ANOVA) of soil properties.

C, pH CE P; P, P-Ol
Paddock gkg' ds m’ mg kg'!
Pl 23.3b 58a 1.22b 156 a 189 b 23 a
P2 24.5b 54b 1.22b 95b 206 b 15b
P3 30.2a 5.6 ab 0.72b 106 b 236 a 140
P4 24.5b 58a 2.20a 113b 193 b 15b
P5 23.4b 57a 1.28b 105b 187 b 16 b
P6 26.8 ab 57a 324a 161 a 211b 24 a
LCVel Of 3k * skksk skkk skskk sskk
significance
Sector
S1 26.4 5.7 2.19 140 204 21
S2 24.5 5.7 1.11 105 203 14
Level of ns ns o o ns Hkx
significance
Periods
1 18.4b 5.7 0.96b 112 187 b 27a
2 16.8b 5.6 2.76 a 134 209 a 30a
3 412 a 5.7 1.23b 122 215a 9b
Level Of sksksk ns sksksk ns sk Hoksk
significance
Interactions
Paddock x o *k * wk ns *
Sector
Paddock x ns ns ns ns ns ns
Periods
Paddock x ns ns ns ns ns ns
Sector x
Periods

*, Ak xR significant at P < 0.05, 0.01 and 0.001 respectively.
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cident. Eriksen and Kristensen (2001) also
found high correlation between N, P and K
accumulation on soil and distance to feed-
ers. Figures 2 to 4 clearly show the spatial
heterogeneity of soil P accumulation. In
addition to slope and daily feed inputs, pig
behaviour has also high influence on spatial
heterogeneity of P forms on soil. Watson et
al. (2003) refers that preferred areas to excre-
tion are out of the feeding zone and near the
boundary of the paddocks. They observed in
those preferred areas a P concentration on the
top 0.05 m, on average six times greater than
in the least preferred areas, and a large pro-
portion of the increase in soil P seems to be
associated to organic P forms. Salomon et al.
(2007) pointed out that 43-95 % of nutrients
were found to be concentrated in preferred
areas corresponding to 4-24 % of the total
pen area with increase of P on the top soil of
preferred areas, more than four fold. Accord-
ing to Fernandez et al. (1999) pigs excrete
1.2 kg P for each 100 kg of live weight pro-
duced. Taking into account data from Table 3
and paddock 6 at February 2007 total P input
m?2 will be around 190 kg P.

Daily P inputs from feed and excreta
are neither uniform nor random within the
paddocks (Watson et al., 2003) and this
heterogeneity is modelled by different fac-
tors, such as: pig behaviour, soil erosion,
P loss by runoff and drainage waters and
fixed location of feeders. As described ear-
lier, these Figures (2 to 4) clearly show dif-
ferences between inorganic and organic P
forms. Spatial distribution of inorganic (Pi
changed between 57 and 489 mg kg') and
availabe P (P-Ol changed between 3 and
49 mg kg') forms are strongly affected by
slope and feeding points. Spatial distribu-
tion of organic P (Po changed between 139
and 406 mg kg!) forms exhibits an increase
in all the area with higher values near the
zones occupied by trees (Quercus suber and
Olea europea). This spatial distribution pat-
tern seems to be related on the one hand to
pig behaviour, as these are zones where pigs
can rest because of the shadow, the fruits
and wind barrier, and on the other hand by

the fact that organic forms seem to be more
permanent (less mobile) in soil than inor-
ganic P forms.

Inter-annual changes of soil P forms can
be observed in Figures 5 to 7. These changes
were estimated by the difference between
soil P levels in February 2007 and in July
2006. A positive value indicates soil accu-
mulation and a negative value means soil P
loss as a result of erosion or transfer from
soil to runoff or drainage waters. Between
February 2007 and July 2006 soil P Olsen
level decreases in the whole area (nega-
tive values, Figure 5). Losses in available P
forms were more pronounced mainly in the
area with higher slopes. Changes in P Olsen
values can be from -7 to -39 mg kg'. Spatial
distribution of P Olsen changes suggests loss
of P to the outside area. Rainfall in this pe-
riod was 740 mm. Slope and rainfall seems
to be the main factors of these inter-annual
changes.

P in inorganic or in organic forms shows
a distinct temporal behaviour from P-Olsen.
We can observe (Figures. 6 and 7) that they
are less mobile than P Olsen forms, and they
exhibit an accumulation at some areas in the
paddocks. However, also slope seems to in-
fluence spatial distribution of these P forms.
Results suggest that P forms quantified by
the Olsen method are more labile than forms
quantified as P, and P .

Nevertheless, two years after the begin-
ning of the experiment and according to the
hypothesis of this work, the probability of
an increase in soil P levels above the back-
ground value during the winter (rainfall
season) is higher than 50% for P-Olsen and
higher than 70% for P; and P, (Figures 8, 9
and 10). This indicates a high potential of
outdoor pig production for the enrichment
of soil with inorganic and organic P forms.
The P variability between winter and sum-
mer (July of 2006 from February of 2007)
shows a typical pattern of P dynamics: accu-
mulation of soil P forms with time and high
variability between seasons: accumulation
at dry seasons and losses (erosion, runoff or
drainage) with rainfall.
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Figure 2 - Spatial distribution model of P-Olsen
at February of 2007 (initial P-Olsen value of 7 mg
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Figure 4 - Spatial distribution model of Po at Feb-
ruary of 2007 (initial Po value of 140 mg kg™).
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Figure 3 - Spatial distribution model of Pi at Feb-
ruary of 2007 (initial Pi value of 64 mg kg™).
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time (between February of 2007 and July of 2006).
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Drainage water quality

Drainage water shows a high variability
in EC with an increase from 2006 to 2007,
while pH values shows a decrease (Table
5). This reflects soil accumulation of salts
(nutrients) and organic matter and losses of
ions from soil to drainage waters. Values of
EC are in the range of those common ob-
served in drainage waters (salinity low to
moderate) and pH is in the neutrality range,
but in some points it is alkaline or acidic,
suggesting soil losses of different species
of ions. Soil acidification can be explained
also by the mineralization of organic matter
added to soil by food and by pig excreta.
Total and dissolved P (Pt and Pd) had also
high variation coefficients with maximum
values above 0.1 mg L', This value is con-
sidered the upper limit of total P in drainage
waters to prevent the quality of subterra-
nean waters and the eutrophication of wa-
ter bodies, as EU (2000). Drainage waters
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Figure 7 - Spatial distribution model of Po along
time (between February of 2007 and July of 2006).

in this area are a non point source pollution
for subterranean and superficial waters in
terms of P content. We didn’t find data from
P concentration in drainage waters in other
areas of outdoor pig production. However,
Shigaki et al. (2007) refer total P concentra-
tion from 22.1 to 2.3 mg L' in runoff waters
after swine manure application with differ-
ent rainfall intensities and in the period after
manure application. Higher levels are found
with higher rainfall intensities and shorter
time spent after application. In outdoor
pig production there are daily soil inputs
of inorganic and organic P. Mediterranean
climate is characterized by extreme rainfall
events, so high risk of P transfer from soil is
to be expected, not only to runoff waters but
also to drainage waters, as observed in this
experiment.

In 2007 simultaneous soil and drainage
water sampling allow for calculation of the
correlation coefficients between soil P levels
and P in drainage waters (Table 6).
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Figure 10 - Probability model of Po increasing at February above the initial value of 140 mg kg'.
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Table 5 - Characterization of drainage water in 2006 (n=6) and 2007 (n=3).

EC pH P, P,

— dSm'— mg L

2006 2007 2006 2007 2007 2007
Average 0.54 2.57 6.5 53 0.07 0.07
Median 0.32 1.74 6.3 5.4 0.03 0.03
Maximum 2.55 9.76 8.2 6.9 0.36 0.34
Minimum 0.11 0.26 4.5 39 n.q. n.q.
Standard error 0.49 2.4 0.8 1.0 0.09 0.09
Variation 90 107 13 551 78 82
Coefficient (%)

n.q. - not quantifiable.

Table 6 - Pearson correlation coefficients between soil P levels and drainage water P content

(February of 2007).
—Drainage Water — Soil
Py Pq4 P; P-0Ol1
Pq4 0.919%**
P; ns 0.543*
P-0Ol ns 0.548%* 0.855%**
P, ns ns ns ns

* Rk Rk significant at P < 0.05, 0.01 and 0.001 respectively.

P4=10.004 + 0.889P; (P<0.001, n=16)

Dissolved P in drainage water is signifi-
cantly correlated with inorganic P forms in
soil evaluated as P-Olsen and Pi. These cor-
relations show that content of inorganic forms
of P in soil affect significantly P content of
drainage waters. Levels of soil P as P Olsen or
Pi can be used as indexes to estimate risks of
P lost from soil to drainage waters. This result
obtained in field conditions agrees with the
conclusions of Horta and Torrent (2007) who
indicate a P-Olsen value of 20 mg P kg' as
the soil change point (Heckrath et al., 1995,
Zhang et al., 2005) for a significant increase
of transfer of P from soil to drainage waters
in acid Portuguese soils, data obtained in a
laboratory experiment. In this area P-Olsen
values around and above 20 mg kg (from
17 to 49 mg kg') are observed in the pad-
docks area with the lowest altitude and near
the eating points. The highest levels of P in
drainage waters (0.10 to 0.36 mg L") are also

R*=0.845 [Eq. 1]

found in these areas. This clearly shows that,
at field conditions, P-Olsen value of 20 mg P
kg could be considered as the threshold level
of this soil. Sector 1 in the paddocks exhibits
the highest potential to transfer P from soil
to waters with high environmental impact.
Therefore, P Olsen above 20 mg P kg exceed
soil P adsorbing capacity of this soil causing
a significant increase of the transfer of P from
soil to drainage waters.

P loss from soil to drainage waters is mainly
in dissolved form as shown by Eq. [1]. These
dissolved forms of P have a high potential to
eutrophication as they are highly and quickly
available to phytoplankton.

CONCLUSIONS

Outdoor pig production done as men-
tioned in this experimental area originates
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high increase on soil P levels. P daily inputs
by feed and by pig excreta are the P sources
in this area. Slope, fixed eating points and
pig behaviour are the main factors affecting
P increase and spatial heterogeneity on the
distribution of soil P. P content of food and
metabolic features of P pig digestion are im-
portant for factors of P accumulation.

Rainfall and slope have a great impact
on soil P movement by erosion and runoff.
Annual P dynamics in this area is charac-
terized by P accumulation at dry seasons
and P losses at rainfall. P forms show dis-
tinct behaviour in their mobility. Organic
P forms seem to have the lowest mobility
and tend to homogeneity in space and time
although inorganic P forms quantified by
Olsen procedure had the highest lability,
with great variability in space and with
time. The probability of increasing soil
P-Olsen above the background value is
higher than 50% and higher than 70% for
Pi or Po at rainfall season. Electrical con-
ductivity and P content of drainage waters
indicates high variability in transfer of
ions (phosphate or other ions) from soil
to drainage waters. The highest P levels
of drainage water are obtained in the area
with higher levels of soil P, i.e. above the
predicted change point of P Olsen value
of 20 mg kg'. Maximum values of P in
drainage water are above threshold levels
to prevent eutrophication of water bodies.
Results indicate a significant and positive
correlation between Pd in drainage water
and P-Olsen or Pi in soil. This work shows
that, irrespective to the factors governing
soil P dynamics, outdoor pig production
causes soil P accumulation above its re-
tention capacity, leading to high potential
of P transfer from soil to drainage waters,
increasing P non point source pollution of
water bodies. Best management practices
such as soil cultivation and grazing, mov-
ing huts and troughs at short intervals and
little animal charge seem to be appropri-
ate in order to diminish environmental im-
pact. Also, the choice of an area with less
erosion risk is strongly advisable.
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