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ABSTRACT

Keeping sows in the outdoor pasture conveys higk on environmental pollution through
nitrate leaching which might be tremendously highautumn and winter. Integrating
grassland based free-range pigs with selected goevgs has been proposed as one possible
approach to reduce nutrient leaching; however tleetehas never been quantified. The eco-
efficient pig farming that takes care of pig’s aalnwelfare and possible reduction of nitrate
loss into environment may be achieved which wilhtcibute to the Danish Green Growth
Agreement of reducing up to 19,000 tons ofsN\Dbetween 2010 and 2015.

Apart from the main focus on NEN leaching potential, this experiment also invggestied Min

and phosphorus distributions at various soil deptitsdistances from willow plus estimating
farm N balance from a commercial organic pig faimthe experimental paddocks, two
willow rows each from one side of the paddock agasated by 18.5 m distance covered by
grass. In each of the four measurement rows eshedalj the ceramic suction cups were
installed at 1.45 m depth at 0.5, 2.5, 4.5, 6.5%Bdn from willow while the two soil samples
were taken at each cup at three solil layers, 0/25226-50 cm and 50-100 cm. Througha 1l m
soil column, the factorial ANOVA found significahighest (p<0.001) M close to sow’s
huts with 149 Kg N/ha followed by 101 and 100 Kdnaladjacent to feeders. TheilNcontent
however differed with distance with NHN of up to 90% near feeders while up to 84% ahN
was NQ-N close the huts. The phosphorus near feederthedughest level with 53 Kg P/ha
when considering 1 m soil depth. In bothifNand P, the lowest levels were found closest to
the willow (0.5 m) with 41 Kg N/ha and 39 Kg P/tedugh 1 m soil depth. In addition, the
N balance estimation of the farm where the totaltrwas 404 Kg N/ha, about 104 Kg N/ha
(26%) was converted into piglets while 39 Kg N/h&%) was estimated for willow N uptake.

Nitrate-N leaching as expected was the highest theahuts with an average of 37 mg NO
N/litre followed by 28 Mg NG@-N/litre at 6.5 m. Of all the distance points, teaching at only
4.5 and 6.5 were significantly to 0.5 m (p<0.01ipc® excretory behaviour of pigs was not
part of the experiment, the lower N leaching closest to willow could be due to blotier
excretion and also high water and nutrients upbgk&ees. However, even though the NO
N from soil samples at 2.5 m was the second highiesieaching wasn't as high as expected,
which was attributed to high uptake by the treessesignificant uptake by roots may extend
as far as 3.5 m away from willow. The 9.5 m clastetders had the low leaching which could
be due to low N@N as NH-N dominated with about 90 % of the totahiNwith 79% of this
being in top soil. With their long growing seasomdadeep root system, willow could
substantially reduce N loss through nitrate leaghin

The results from this study suggest that, paddsbksild be designed so as to maximize the
potential nutrients uptake by willow as pigs ar@wn to have high excretion activities near
shelter zones such as trees. In addition to thatysis of pig excretory behaviour will enable
the findings to establish a clear-cut relationstiipvhether lower nitrate leaching close to
willow is due to low excretion or high nutrientsndand by trees. The hotspot areas on the
other hand as observed in our experiment coultbsilcarrying high N loss potential and
therefore in addition to perennial crops, frequeralocation of feeders & huts, rotation of
pigs into new paddocks and regulate stocking dgnsitld be done together. These measures
could both improve grass cover and reduce nutheses into the environment.
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CHAPTER I: INTRODUCTION

1.1. Background Information

Free-range organic pig production is typically coisgd of pregnant and lactating sows with
piglets being grazing outside, roaming and restiregind the pasture in the day and sleep in
small huts during night time (Horsted al,. 2012: Webbet al, 2014). The EU regulation
requires organic free range pigs to have permaaesgss to pasture during summer for at
least 150 days a year even though some farmerkespithe pigs even longer. Weaning for
piglets according to regulation is done at 40 desy6EC, 2008) even though there are country
specific conditions which elongate the weaning agéh the indoors systems for weaners,
which include a small outdoor running space, thdl/bve fed until reaching the slaughter
weight (Hermansen, 2005). In some farming syste®gending on national standards, farm
specific objectives and local environment, diffdreombinations of both outdoor and indoor
settings can be practised (Vieuideal.,2003).

Like in other EU countries, the presence of grgarea in Danish free range pig production
have raised concerns about possible environmemiaddts including increased ammonia
volatilization (Sommeet al, 2001), denitrification (Petersaat al, 2001) and high nitrate
leaching (Eriksen et al., 2006). The high N andiplsis from the urine and defecations have
environmental implication of increased leaching rathich may lead to contamination of
ground water. This has negative health effectsumdn (Williamset al., 2000) and also
affects the aquatic ecosystems through eutropbrcatQuintern & Sundrum, 2006:
Honeyman, 2005). The N loss in free range systemoisdistributed equally over the
grassland as high N loss rates are more pronounceatspot areas such as near the huts,
shelters and feeders compared to the rest ofelee (\ndesen, 2000).

The study done by Eriksen and Kristensen (200duidoor lactating sows reported uneven
distribution of the mineral N concentration whegtatively higher N concentration was found
near feeding areas. The same results for outdgsr ywere found by Watsoet al. (1998)
where there was four times higher mineral N in pots close to feeding area compared to
other parts less utilized by the pigs. Apart frortess N and P loading problem to the
environment, the free range organic pigs have lassociated with higher piglets mortality
rate compared to indoors conventional pigs (Bild€95), management challenges due to

seasonal weather fluctuations (Honeymoon, 2005)naaititenance of the grassland cover



(Vieuille et al, 2003). The combination of high nent loss plus higher piglet mortality rates
in organic pig farming have let to lower N and Rog#ncies (Nielsen and Kristensen, 2005)

Integrating free-range pig farming with some sadcenergy crops particularly willow,
poplar and mischanthus has been one proposed apptoamprove animal welfare by
providing shelter and protection in adverse weatb@nditions (Horstedet al,. 2012:
Sorensen, 2012). Also the trees with their higrewand N uptake may reduce nutrients losses
to the environment as well as improving agricultwteversity important for ecosystem
services. With the average nitrate leaching in Blaagricultural land being about 70 kg N/ha,
perennial energy crops such as willow and mischenttave shown promising results of
reducing between 40 - 65 kg N/ha (Jorgensen €2Cdl5). There are several reasons for
reduced leaching when perennial crops are estallishmportant is the deep and permanent
root system, and the root zone for willow can bdeep as 1.3 m when well established even
though the root depth could vary with soil typellow clone type, nitrogen source and

management (Mortensen et al,. 1998).

A recent related study by Horstetlal., (2012) that investigated the influence of perennia
crops on defecation behaviour, preferential sitseikcretion and possible damage to the
crops found that the defecation for pigs is sigaifitly higher in areas with energy crops
(willow & poplar and mischanthus) compared with thst of the paddock. The pig excretory
behaviour didn't seem to be significantly affectecbig paddocks with 367 fiper sow as
compared by three times higher stoking rate of d#er pig. Willow trees close to the
feeding and drinking troughs experienced higheretian than the rest of the willows and
this area accounted for 49% of total excretion ebhengh the willow area was only 15% of
total area (Horsted et al., 2012). With willow sesharacterized by having tolerance to high
plant density and water logging conditions (Volkaak, 2006), coppicing ability and deep
rooting system that have been studied to reduchileg to underground water (Mortensen et
al,. 1998: Sevel et al., 2014). Hence in free rgpige these crops might as well be useful in
reducing nitrate leaching which are associated higher urination and defecations in areas
close to the willow. The question is therefore hawch benefit willow can contribute in
highly N-loaded free range pig systems.



1.2. Research Objectives and Hypotheses

Developmental Objective

This master project will contribute towards ecaadint organic pig farming that doesn't only
aim at improving animal welfare but also reduceimmental impacts caused by nutrient
leaching into environment. Also being a relativelgw production approach with its
knowledge and experience still sparse, the impleatiem of free-range pig farming with
energy crops through research is important for $@keholders particularly farmers and
policy makers. With their high water and nutrieptakes, willow trees in organic free-range
pigs may contribute reducing N leaching and this will be in line with DanisBreen
Growth Agreementvhich aimed for a reduction of about 19,000 tohkl@s-N into aquatic
environment from 2010 to 2015. In addition, thidl wiso contribute to the National target of
having 15,000 ha by 2015 and about 30,000 ha afygrezops by 2020 (EC, 2010).

Overall Scientific Objective

The overall scientific objective of this study wasinvestigate which benefits integration of
willow trees into free-range farming system mayéam animal welfare and environment. This
involved sampling of both soil and soil water frtime sow’s paddocks plus critically reviewing
the literature on free-range pig production systeamgnal welfare and nutrients dynamics.

Specific Scientific Objectives

1. To quantify the mineral Nitrogen distribution (Nite-N and Ammonium-N) and
Phosphorus at different soil depths (0-25, 25-50 2100 cm) and distances from the
willow trees (0.5, 2.5, 4.5, 6.5 and 9.5 m).

2. To quantify the Nitrate-N leaching at distances @.5, 4.5, 6.5 and 9.5 m from willow
row using ceramic suction cups which were instadlied replicated into four measurement
rows. From the experimental paddocks, the distémore a willow row in one side of a
paddock to the other was separated by 18.5 m graksl|

3. To estimate the nitrogen balance of a combinedowiland pig system by data sampling and

measurements in a commercial organic farm.



Research Hypothesis

The working hypotheses for this research projeziaarfollows;

1. The Nwin and phosphorus contents close to willow will bghler due to expected high
urination and defecation activities by sows in ghelter zone.

2. With their deep root structure and high water antlients demand, the nitrate
leaching close to the willow trees will be lowengoeared to leaching at increasing
distance away from trees.

3. Unlike NGs-N that is soluble to water and can easily be ledciNH-N can bound
with soil particles before it is nitrified. It ishérefore expected relatively largest

proportion of NH-N concentrations in top soils (0 -25 cm) thanubsoil.



CHAPTER II: LITERATURE REVIEW

2.1. Outdoor organic pig farming system

In recent decades, there has been an increasedenwhbpigs raised in outdoor settings in
Europe and parts of Northern America (USDA, 200@)UK for instance, the frequency of
outdoor pigs was 20% in 1995 compared to only 6%9r5 (Edwards, 1995). In the case of
US, 15% of farms with gestating sows, the sowskep outdoor while in addition 45% of US
farms with sows, the sows are being kept indoonbtit a permanent outdoor running access
(USDA, 2007). Free range pig farming is characestiby pregnant and lactating sows being
roaming and grazing in the pasture while they spagtt time in the small huts within the
paddock (Webb et al, 2014). The sows are suppadeel kept in outdoor groups except in their
late stages of pregnancy and during suckling (EQ9)

Weaning age for outdoor piglets according to EUslagion should not be less than 40 days
even though there are country specific regulatithiag are stricter. For Danish organic pig
production, the Friland A/S which is the biggestatnexporting company has cooperated with
Danish Animal Welfare Society to set what is sdechCode of Practise. The Code of Practise
are a set of rules and regulations that a farmentdaneet in order for their pork to be sold at
Friland A/S. These practises include weaning ageigiéts, housing requirements in outdoor
settings, disease and health control, water amdarieed, transport of animals and overall farm
management. For instance the weaning age of pigl®anish free-range organic pigs is more
strictly with 7 weeks since farrowing compared tdyo40 days under EU (Kongsted and
Hermansen, 2005). The area required per pig fashfers in the indoor facilities should be 1.0
and 1.3 m for outdoor running access and indoor space réispbc(EC, 1999). A typical
outdoor pig farming is composed of the optimum namif 20 to 30 pigs per hectare with the
pigs being moved into other paddocks in autumnpong after 1 to 2 years (Williams at al.,
2000).

Organic pig farming in Denmark is being done irefrange system but the difference with a
conventional free range system is that organigpagluction has to fulfil EU organic standards
and regulations plus some country specific prodactregulations and standards. Such
regulations according to 2007 EC regulation on oigaroduction and labelling of organic
products and repealing is prohibition of minerafeMilizers, pesticides, GMO and hormones
for breeding purposes. Others related to livesmadduction include disease prevention that

should be based on proper choice of breeds, huspanactises and adequate nutrition that



meets animal demands. In addition, the stockingithieand housing conditions of the livestock
should give pigs the opportunity to express thaiural behaviour that enable them to fulfil
their developmental, physiological and ethologive¢ds (EC, 2007). For instance, pigs raised
organically need access to outdoor pasture notthess 150 days in the summer even though
some farmers tend to keep the pigs on the pasluyeaa around (Kongsted and Hermansen,
2005).

In some countries, the combinations of both indoat outdoor housing are being practised in
which the pig farming settings take advantages aih thousing systems. In some outdoor
systems, weaners and finishers, regardless of faameess to outdoor run in their indoor
housing, they are being taken out for couple of ke summer (FiBL, 2011). In other
combinations, the sows are being penned in indadilities prior and up to four weeks after
parturition in individual farrowing pens. In thigstem, piglets can be able to move between
pens while also high chance for supervision prind after parturition can be achieved.
Therefore the practicability and combination of tbautdoor and indoor settings in pig
production system will depend on local environmenrdtional standards and farm specific
facilities and standards (Vieuille et al., 2003)r Example, with regards to the local conditions,
some countries along the Gulf Stream experience vadge of weather variation compared to
East European countries (i.e. more cold wintertastdummer seasons) and this may pose some
challenges in outdoor sows (Akos and Bilkei, 20@¥ong other advantages the free-range
pig rearing offers, animal welfare has been comeileas a major benefit (Eriksen and

Kristensen 2001; Kongsted and Hermansen, 2005).

2.2. Animal welfare and other benefits offered byree-range pig farming

The animal welfare, which is probably the most img@ot basis for free-range pig farming, has
been regarded as a complex concept that withtriibaes being differently perceived (Kling-
Eveillard et al., 2007). In most cases the "welfdras been related to effective state of the
animal that depends on both physical well-beingval as satisfaction of their behavioural
needs (Lindgren et al., 2014). In the study donéSpponer et al,. 2014) to find out attitudes of
farmers towards their understanding of "animal arelf, in most cases the farmers have related
the animal welfare with alternative terms such esnifort ", "care", "husbandry" and
"contentment”. Pigs in free-range organic farming r@quired by EU regulation to be kept on

pasture where there are diverse social and enveatahsettings for expressing their natural



behaviour. Also, this article number 14 of EC oigafarming regulation recommend
minimization of suffering to animals, reduced dimatof transportation, upgraded housing
conditions that will improve the demands of animdls addition to that, the personnel
responsible for taking care of animals should pessie basic required knowledge on
husbandry, health and welfare needs for animals 2BG7).

The naturalness has also been mentioned in a WROAM principle for organic farming
(principle of fairness) which states "animals sklobke provided with the conditions and
opportunities of life that accord with their phyleigy, natural behaviour and well-being"
(IFOAM, 2005). Therefore coupled with continual eagiven by a farmer, according to
production conditions, the animal welfare is ataioy provision to an animal with conditions
to express their natural behaviour (Edwards ef@ll4). In EU regulation, high animal welfare
standards that meet animals' specific behaviouealds is a result of housing conditions,
husbandry practises and stocking density (EC, 2087&ddition to that, the use of antibiotics
is restricted and natural immunity and diseasegrgon should be based on selection animal
breeds that suit the local conditions.

With the outdoor pig system, studies have come eotisistent findings on higher activity rates
of outdoor pigs compared to confided pigs (Cromd Amerongen, 1991; Jarvis et al., 2002).
With more ability to carry out locomotion, the oot lactating sows and piglets have shown
extensive behavioural inventory by exploring th@iemnment and spent more time standing
and feeding (Jarvis et al., 2001, 2002: Hoétzel let 2004). With exploration of complex
environments offered by outdoor system, studie® Isétsown relatively low aggression rates of
piglets (Beattie et al., 1995; Hotzel et al,. 20@43$0 significant reduction of undesirable social
behaviour including belly nosing and agonistic iatdéions (Webster and Dawkins, 2000),
nibbling and tail biting (Lindgren et al., 2014kfbre and after weaning were observed. The
best explanation for this is the reduced piglet activities towards each other (Lindgren et al.,
2014) which was associated by presence of diversgsigal/environmental and social
environment provided by outdoor settings (Cox andger, 2001; Beattie et al., 2001; de Jong
et al.,, 1998). In addition to that, outdoor reapegls have shown less aggression behaviour

during pre-slaughter mixing (Terlouw et al., 2009).

With provision of more space that encourage cugp#ie outdoor pig system seems to offer
more adaptive skills to stress for piglets and ¢lais be explained through increased solid feed
consumption, exploration and social interactionX@ad Cooper, 2001). The outdoor system



also prepares the piglets for weaning as throughotitdoor active life which reduces their
contact with the sows, there has been higher $obd consumption rates before and after
weaning for piglets (Cox and Cooper, 2001; Horaelll Ortega, 2001). In relation to improved
food consumption, Spooner et al., (2014) acknowdddbat when animals are "happy", it might
possibly have positive implication to productivdf/the farm. Therefore, in order to make sure
that animal welfare is being considered in freegeasystem, the farmer needs to have strong

commitment.

2.3. Concerns and possible production challenges autdoor pigs

With a wide range of weather conditions throughtet year, there might be lower control of
outdoor environment compared to pigs in confinetirgges (Honeyman, 2005). In Denmark,
heat stress has been proposed to increase tHerrisigh piglet mortality (Pedersen, 2015) and
sudden death of lactating sows related to the siiseamplex called ‘summer-sows’ is also
expected to be related to heat stress (Jakobsenongdfed, 2015). All pigs of over 20 kg are
required to have access a wallow or sprinklinglitees when environmental temperature is
above 13C according to Danish regulations (Kongsted andntd@sen, 2005). This is in
particular important for sows in late pregnancy &udation due to a high production of body
heat. However, this is very time-consuming in langeds with individual paddocks for lactating
SOWS.

With regards to production, the pre-weaning pigletsival in outdoor settings has been among
main welfare and economic challenges (Bilkei, 19B&xter et al,. 2009). The pre-weaning
mortality rates has been recorded to be betweer20% (Leenhouwers et al., 2002). The birth
weight which is associated with size and shapeealkas thermoregulation have been studied
to be among key survival indicators (Arango et 2005). The survival rate also depend on
extent of weather fluctuations (Bilkei, 1995), fueapcy of changes in sows posture, infrequent
nursing, diseases and longevity of farrowing (Bexteal., 2009). Studies done by Edwards et
al. (1994) reported that mortality rate in thetfif@ hours since farrowing accounts for 75% of
total mortality before weaning. Therefore the sayef morbidity and mortality of piglets in
outdoor is highly depending on management and hpace management increase chances of
financial losses to a farmer (Akos and Bilkei, 2D04

With wet conditions in the grazing area, the sowghibring the mud into the hut’s bedding
that increases the chances for higher piglet mtyt#llso muddy conditions make it difficult
for sows to feed properly which results into redbo®lostrum’s and milk production thus



diminishing piglet survival (Akos and Bilkei, 2004)ith the main cause of piglet's mortality
being sows lying down on piglets, the extent otktoan supervision will highly determine
mortality rate on the herd (Bilkei, 1995). LastBnother concern in free range pigs is the
maintenance of pasture stand throughout the yedrthés has a lot to do with stocking densities
and rotational of animals between paddocks. Keehigh the level of grass helps to reduce
piglet’s mortality and this can be explained byihgwdry and clean, mud free pig hut (Kongsted
and Hermansen, 2005). In addition, having enougitupa will increase roughage availability
for pigs as their daily feed requirement (Kongsted Hermansen, 2005).

The presence of grazing area in outdoor setting®ase the risk of environmental pollution
particularly through excess nutrient loading, maiditrogen and Phosphorus (Staufferet et al.,
1999; Petersen et al., 2001; Sommer et al., 26@Myever, the extent of environmental impacts
will depend on intensity of outdoor production partarly stocking rate (Baxter et al., 2009),
management and suitability of location for prodoict{Quintern and Sundrum, 2006). Nitrate
leaching and ammonia volatilization potential inidnor systems is higher due to impossibilities
of controlling excretes and urine in outdoor pastand larger area required (Kumm, 2002;
Salomon et al. 2007, 2012). Also, uneven excretiod urination in grazing area creates
hotspots which results into heterogeneity in saoilrient distribution (Watson et al., 2003).
Stauffer et al., (1999) reported 20 times highacleng potential in front of the huts compared
to the rest of the pasture area. Similar resulteevieund by other studies done by Stolba &
Wood-Gush (1989) and Andresen (2000) where there tigher excretion frequency close to
dwelling areas compared to other parts of the pedkddoThe nitrate leaching potential is
increased with higher stocking density due to iaseel net nutrients surplus in the system
(Eriksen and Kristensen 2001).

2.4. Nutrient flow and dynamics in organic pig farmng

2.4.1. Nitrogen balance

The excess nutrient surpluses into the environnsgmtone to be lost out of the farm through
different pathways including nitrate leaching (Stexet et al., 1999), and gaseous N emission
to atmosphere occurs via denitrification (Peterteal., 2001) and volatilization (Sommer et al.,
2001). The major sources of N are urine which igniainly in form of urea together with
excrements that constitute organically bound N mnteral nitrogen. Urine and solid excretes
create hotspot areas where potential nutrientisossatively higher compared to the rest of the



paddock (Andresen, 2000; Eriksen and Kristensedil RINHs" and NQ-N from urine are plant
readily available forms of nitrogen with the latbering of highly ecological and environmental
relevance through leaching (Quintern and Sundrd@62 NH;" could also be produced after
mineralization of excretes and fodder even thobgké two sources possess relatively moderate
to lower leaching potential.

In determining nitrogen efficiency and potentiaddes in a farming system, nutrient surplus has
been widely used as an indicator (Watson et abD320lielsen and Kristensen, 2005). The
efficiency is expressed as how much of the inpwutoisverted into desired products (and co-
products) with the remaining being excreted andodiépd on the soil. The N deposited as
ammonium-N (as ammonia and nitrous oxide compouwdkbe lost to the atmosphere while
organically bound N will be mineralized into ammami-N and then nitrate-N that will be added
into soil mineral N pool (Watson et al., 2003). Triigate-N can be available for plant uptake,
leached and some of it anaerobically denitrified @tmospheric as nitrogen gasg)hh which
potent greenhouse gas nitrous oxidegNand NO are produced in the process (Williana.et
2000). However, the accuracy of nutrient balanck @épend on complexity of a farming
system as well as associated errors and unceeintguantifying the actual inputs and outputs
with the heterogeneity of nutrient distributioroatdoor settings being the main reason (Eriksen
and Kristensen, 2001; Nielsen and Kristensen, 2085gfficiency under Danish organic
outdoor farming has been reported to be relatielger than indoor conventional pigs i.e. about
28 +/- 4.6% for organic versus 35 +/- 2.5 % fordodpigs. Below is a sketch of typical Danish
outdoor organic pig farming that includes inputstpoits and emissions as simulated from

Nielsen and Kristensen (2005).

10



Figure 1: Flows accounted in nutrients balance caldation balance at farm level in

organic pig settings

Emissions (N2, NO, N,O, CH4, NH;)
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Farm balance accounts inputs and outputs (incluémgssions) from both herd and field
balances. For field balance, where feed crops @rerg the main nutrient input is manure,
atmospheric deposition, N fixation (in case there aitrogen fixing plants e.g. clover),
imported feed. Manure stored from the indoor wesiaad finishing pigs are in most cases used
in as major N and P sources for crops while algmitation of manure from other farms could
also be involved. The amount of manure to be agpler hectare per crop differs and this is
guided by harmony rule that aims at controlling esscnutrient loading to the environment
(Kongsted and Hermansen, 2005). With organic yietdcrops being lower, with reported
being 67% compared to the ones grown conventiond@igdgley and Perfecto, 2007),
importation of both grain and concentrate is irevé so as to meet pigs daily feed demand.
This will however depend mainly with land size ussdvell as the size of herd. For the grazing
area, the deposited is used as the main nutrientesdor the grass due to practical possibilities
of being able to collect manures from the outdaousing synthetic fertilizers in organic pig
farming (Nielsen and Kristensen et al., 2005). Tim@ortation of concentrates is crucial

because additional of synthetic essential amindsasias well restricted in organic pig farming
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together with lower feed efficiency that might rolfil pig nutritional demand (Nielsen and
Kristensen, 2005).

Apart from manure, atmospheric deposition is amothput source which in Denmark is
between 10 and 15 kg N/ha/year with the main sobeteg combustion and agriculture from
outside Denmark that accounts for 41 and 20% ré¢ispéc (Hertel et al,. 2013). Danish
agricultural activities contribute 36% while combas that comes within Denmark accounts
for only 2% of the total N deposition (Hertel et &013). The Nfixation for leguminous crops
also contribute to N input and it depends on themusition of the forage for example in
grass/clover pasture where clover covers over 2%/d\ fixation can be as high as 150 kg
N/halyear while around 20 kg N/ha/year can be abthwith low clover content (Daalgard et
al,. 2012). The seed for growing pastures and caspgell as straws for bedding materials add
another N in the system also. The grown cropssasiece of feed for pigs, are the output in the
field component of the farm so mostly they areizéd by the pigs in the herd component. It
might happen that a farmer may sell some of thp greld in order to buy some concentrate or
other cheaper and available animal feed, even thahig is not that common (Nielsen and
Kristensen, 2005).

The main farm output is meat (pork) which is cadtetl as how much N is present in one
kilogram of pork to obtain how much N is being expd out of the farm. The estimated amount
of N and P in one kilogram of pork is 26 g N/kg &8 g P/kg respectively (Olsson et al, 2014).
Also for the case of a new farm, one of the inmuseaen in figure 1 above is imported live
animals. Therefore with inputs and output, the kisrgan be computed and the difference is
the N that is left in the soil through urine anddas which can either be taken by plants, retained
in soil mineral pool or being lost. All the emissg either through NN leaching,
denitrification, nitrous oxide emissions or ammoviadatilization can be estimated from the N
surplus using the emission standards from theatiiee. However the comparison between
farms with regards to N and P surpluses differstduiwestock density in the farm, how much
of N and P is imported in feed or exported in manuranagement and imposed environmental
regulations (Nielsen and Kristensen, 2005). Fotamse with harmony rule that requires any
excess from 1.4 LU of pig manure to be exportedtteer farms, the environmental effects
might appear on the other farms. To summarize teerdlus, the positive N balance (N input

- N output) value means there is excess input ateBe utilization which brings environmental
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concerns while negative balance impacts the agranstatus of a system as much N is being
taken of the farming system.

In estimating the N balance at field level, thdatiénce between N input and N output which
is expressed into percentage (i.e. Field N bal@)e= Field N input/ Field N output* 100%)
where the same expression is also used for heehd¢xal(i.e. Herd N balance (%) = Herd N
input/ Herd N balance * 100%). The farm N efficigrexpresses the percentage of how much
of the incurred input have been converted intorddsbutput, pork. N from urine and faeces
from the grassland isn’t accounted in the estingasince it remains in the system. The same
is true for the home grown feed since is being useg@igs within the farm system. A lot of
studies have quantified a relatively lower N ety in organic pig farming and the
explanation could be due to two reasons. Firstig,High piglet mortality rate which could be
as high as 20 % from birth to weaning and thisctftiee efficiency since it lowers the N output
percentage. Also lower feed efficiency in outdasitiags is another reason as there is high risk
of feed waste and also difficulties in controlliagcretes on the pasture (Eriksen et al., 2002;
Sommer et al., 2001). Lastly the lower yield of legrown organic feeds as compared to
conventional feed means the increased need forrimgdhe more feed which could increase

the risk of both feed waste and surpluses.

2.4.2. Nitrate leaching potential

The excess surplus of nutrients in the outdooifgmigning is prone to be lost through leaching
which enters underground water that could lead intbeased eutrophication and reduced
drinking water quality (Watson et al., 2003; AkasdaBilkei, 2004; Quinter and Sundrum,
2006; Edwards et al., 2014). The loss ofN@hich is highly mobile in water is also assoadiate
with indirect emissions of nitrous oxide {&)) when NQ@' is being anaerobically reduced into
diatomic nitrogen (k) which is an inert gas (Bolan et al,. 2004). Agaytn NOs", ammonium
(NH4") and dissolved organic N (DON) may also be losiulgh leaching even though NHs
less prone for leaching due to its ability to bouwvith soil particles (Webb et al., 2014). The
NOs™ leaching potential in outdoor pig farming depeadssoil type and condition, subsequent
soil management, the vegetation cover and climatebp et al. 2014). High nitrate leaching
potential is expected in hotspot areas in the goapasture where there is point deposition of
urine and excretes, (Sommer et al., 2001; Erikselkri&tensen, 2001) and also where is a

combination of sandy soil with high moisture cont@gmanova-Peneva et al,. 2006). The extent
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of leaching is more pronounced with higher stockoensity which has implication of
increasing urine and excretes deposition togethir soil disturbances through overgrazing
and reduced grass cover (Webb et al,. 2014).

Under Danish outdoor pig farming conditions, theuMplus per hectare as reported by Eriksen
et al., (2002) could be as high as between 3@D@okg N/ha with N@N leaching potential
was estimated to be around 150 kg N/ha. Howevedistebution of mineral N within the
paddock is not always uniform due to hotspot aemasvell as excretory behaviour of pigs.
Eriksen and Kristensen (2001) found higher inorgasiconcentration close to the feeding
troughs which was 454 kg N/ha and only 10 metreayafsom the troughs the mineral N
decreased to the half. The same findings were tepby Eriksen (2001) where mineral N were
quite higher (500 kg N/ha) around 10 metres froedileg troughs and the concentration were
decreasing to 330 and 200 kg N/ha at 22 and 28emeatway from the feeding troughs
respectively. A similar two years study done by Web al., (2014) in a sandy soil with 12
sows per hectare quantified the lower first-yearate-N concentration that was even below
EC limit for water quality which is 11.3 mg N /L. However in two years’ time, the mineral
N levels from a system was estimated to be betv8dnto 316 kg N/ha which was in three
fold levels compared to the arable controlling nueasients. With such high surplus the nitrate
leaching potential was between 126 to 192 kg Ndrapared to only 52 kg N/ha in control
measurements. The increased N surplus in thesgdars according to Webb et al (2014) was
be explained by lower feed efficiency, increasedaiand excretes in the pasture as well as
ongoing mineralization.

Williams et al., (2000) also support the argumaat the first winter leaching could occur from
N residues which were present in the soil fromgrevious crop. Also there are some contrast
findings on higher N@® close to the feeding area as (Quintern and Sund2006) reported
lower concentration compared to the average niteatehing i.e. 9 kg N/ha compared to 59 kg
N/ha. The possible explanation for such differem@s due to higher denitrification rate.
Therefore with an outdoor pig system (without iméggd with energy crops), most of studies
have quantified that the N surplus that is losbtigh leaching is higher in areas close to the

huts and feeders.
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2.4.3. Ammonia volatilization

According to FAO, (2006), ammonia emission fromiagture accounts for 94% of global
anthropogenic Nkl emission with livestock sector having the biggesare of 68% of the
emissions. There is however well research docurtientdnat most of these emissions are being
produced from the buildings rather than in outdg@tems (Galloway et al., 2004; Philippe et
al., 2011). NH is of environmental importance as it contributegdly to acidification and
eutrophication of sensitive ecosystems and indiyéetve impact on ozone pollution (Webb et
al., 2014). With controlling the N emission (antiet pollution sources apart from agriculture)
in Europe, EC National Emissions Ceilings Directarel The Gothenburg Protocol which is
under UNECE (United Nations Economic Commission Eoirope) are among the specific
measures that have been taken to regulate emissiomisg member states (Bolan et al,. 2004,
Ivanova-Peneva et al,. 2006). For example, comp#wed980 NH emissions, with the
reference being Dutch ammonia legislation, thekeleeen a significant reduction of ammonia
emission of 40% in Netherlands (Ilvanova-Peneva lgt 2006). With reference to pig
production, ammonia is produced primarily from ufaad little also faeces) which is the main
form of urine through hydrolysis process under itifeience of an enzyme urease (lvanova-
Peneva et al., 2008; Olsson et al., 2014).

There is an established equilibrium between ammmor(ia aqueous form) and ammonia (in
gaseous form) in the deposited urine and excrateksthe partial pressure difference between
the soil surface and atmosphere will influenceetkient of NH volatilization from the aqueous
form (Philippe et al., 2011). The Nhproduction is affected by the temperature, pH,stuoe
content, ammonical N concentration, air velocitgd @#me (Sommer et al, 2006: Philippe et al.,
2011).

The relationship between solar radiation and irirggammonia emission has been explained
by several studies. Sommer and Hutchings (200paqn increased atmospheric turbulence
due to solar radiation could transport fvay from the atmosphere-ammonical N phase. Also
with the radiation, there is an increase of wateperation which increases the ammonical N
concentration that triggers the emission. With @lehce transport due to solar radiation being
mainly responsible for NiHupwardly, the horizontal NHloss will highly depend on wind
velocity (Sommer and Hutchings, 2001). Unlike idaor pig farming, the temperature effect

in free-range pigs can be difficult to control ahdrefore emissions might be relatively higher
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especially in summer periods compared to cold ns(Rhilippe et al,. 2011). Apart from solar
radiation, the ammonical N infiltration rate is #mer important factor that may affect hlldss.
High rainfall may dilute the ammonical N conceritratwhich reduces the Nd€mission even
through the emission might increase as the watgpaates (Sommer and Hutchings, 2001).
Also increased infiltration rate means some oN#Il be adsorbed with soil particles, which
technically reduces ammonical N concentration aedch low NH emission. The NH
sorption capacity will however strongly depend oil §/pe, soil moisture and pH. With the
pH, where by the optimum level for urease is slightkaline (7.5- 9), the activity rate is high
while decreasing as the pH becoming more aciditafBet al., 2004).

The dissociation of ammonia from ammonium is higaloured under alkaline conditions and
this is the reason that slurry acidification hawei used as a means to inhibit ammonia
emission in agricultural production. The contactaams well can be another influence on
volatilization rate as the bigger the area expo#iesl higher the chance of NHubjected to
emission factors including wind and temperaturelgBeet al,. 2004). As the pasture-covered
area being 80% or more of the total land area istroboutdoor settings (Williams et al., 2000),
urine and faeces usually spread in most of thevatilin the paddock and this might favour
temperature and wind as emitting factors. Thigus in organic settings as synthetic amino
acids are not allowed which requires an additicogiply of dietary protein that ends up with
lower N efficiency (Daalgard et al., 1998). The &N efficiency makes excess N excretion
in which about 50% is given out through urine apdraximately 20% in the faeces which may

increase the loss via ammonia volatilization (Ivem®eneva et al,. 2008; Olsson et al,. 2014).

2.4.4. The fate of dissolved Phosphorus in outdopig systems

Apart from Nitrogen, Phosphorus is also an essemditient in pig’s diet and as well it is of
environmental concern (Matula, 2011; Olsson et2014). There has been a significant P
reduction from point sources including householdsl andustries which leaves higher
contribution of diffuse sources in P loss (Heathwand Dils, 2000). In North Western Europe
for instance, 50 to 80% reduction from point sosaitas been achieved and this was contributed
by improved wastewater treatment plants as welkedsrgents free from phosphate (Smit et al,.
2009). Reports have shown that agriculture is tlagnmoontributor of P loss in countries of
Baltic Sea as well as North Sea Basins where Rebnssccount for more than 50% in countries

with high agricultural activities (Smit et al,. 280 Other P loss sources apart from agriculture
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include aquaculture, sewage treatment, industn@siral background losses and atmospheric
deposition (Bomans et al., 2005).

With pigs being non-ruminant mean they lack thditglnf extracting P in the cereals which is
in form of phytate (Nielsen and Kristensen, 200®)on-organic farming there is addition of
synthetic phytase, an enzyme responsible for diggshe phytate and make the P being
available in pig’s diet (Poulsen et al. 2000). Heemrewith EU regulation, where feed additives
are not allowed in organic farming, hence theransncrease of dietary P which result into
higher P excretion. For instance, in a survey f&Danish farms between 1997 and 2003, the
P in concentrate for outdoor sows was higher (#2%/kg P/ha) as compared to indoor pigs
(52 +/- 47 Kg P/ha) (Nielsen and Kristensen, 208@)wever, even with higher total input in
outdoor sows, the P herd efficiency has been asa®8.3+/-4.6 % which is according to a
survey under Danish pig farming (Nielsen and Krisen, 2005). The low P efficiency in
organic sows have also been pointed out by Olssaln €2014) where P body retention in pigs
range from only 37 to 40 % of the total P input ietabout 50 % is being passed out through
faeces. Also with low P extraction from the fedolpat 9% of P in the diet is being excreted via
urine (Poulsen et al. 2000). There is high varrafior a number of factors including farm
specific conditions, seasonality and dietary P used

In analysis of P dynamics in the soil, water exabte P is important to provide information
on P availability for grass stand uptake as wefl@ssible environmental impacts (Svanback et
al., 2013). In soil water analysis, water samplesused to analyse the total P and dissolved P
and the difference between the two makes the péateP (Matula, 2011). In general, a typical
total P in the solil varies from 0.2 to 2.0 g P/Kgsoil even though most of this P is not in a
form readily for grass uptake (Bomans et al,. 200&)th particulate P being a dominant form,
the dissolved P is in very small quantities (usulas than 0.1% of total P) even though when
reaching water it supports rapid algae growth asiit readily available form (Svanback et al.,
2013).

Surface run-off and erosion are important pathway® loss even though these pathways are
highly limited to high rainfall events where mosgigrticulate P bound with soil particles but
also dissolved P are lost (Heathwaite and Dils0200he extent of P loss through soil surface
will firstly depend on biochemical processes thetednines P form that will be lost, but also
the hill slope hydrology which have implication wriltration mechanisms and loss pathways.

The preferential P loss pathway through macropsrenportant to areas such as grasslands
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where there is little effect of surface runoff asull erosion (Heathwaite and Dils, 2000), and
the same is true to where the landscape terrdiati§Svanback et al, 2013). In the outdoor
grassland, depending on various factors such asageament, stocking density, soll
characteristics and precipitation, the dissolvdddehing for example can vary from very low
levels that are not detected to several mg per (Bvanback et al., 2013). With the influence
of landscape flatness, countries like Sweden anthd with flat landscapes and where the
soil is well drained, the major P loss pathway $sially the subsurface transport through
channels created by worms and roots (Svanback20HB). The preferential P loss differs with
soil characteristics particularly the soil textufde soils with high clay content are in most
cases dominated by preferential P pathway duekodiconnectivity of flow path and (absence
of hydraulic conductivity) (Nimmo, 2012).The riskrfdissolved P loss is however high in
sandy soil due to its lower adsorption capacitgdaes to early saturation with soil particles. In
addition, some farming practises such as no til parmanent forage stand might help in
preserving the soil structure and maintaining thacmoapore channels responsible for
preferential P loss

With an outdoor grassland in free-range pigs, exoesrient can be associated with increased
P loss through both matrix and preferential patrsaag/the surface run-off and soil erosion are
minimal. In a comparative study by Nielsen and témsen (2005), P surpluses per hectare in
four different farm types were being examined. Carefd to conventional dairy, organic dairy
and indoor pigs, the outdoor raised pigs produagifecantly higher P surpluses 42+/-7.7 kg
P/ha and this was three times more compared taimpigs (table 1). However, the possible
reasons for highest P surpluses for outdoor sowkambove study might be differences in
farming systems e.g. stocking rates, ability tota@nmanure and among others these two
factors may question the relevancy of comparisovigh harmony rules, manure exported
differs with farming system, for example, little mo can be exported from outdoor sows while
any excess from 1.4 and 1.7 LU should be exporteddoor pigs and dairy cows respectively
(Nielsen and Kristensen, 2005).

With the P uptake in the grassland according to BSRAT (2013) estimated to be 31% of the
P output, the increasing P surpluses through Ideexst efficiency with excrete deposition in

the pasture might pose significant ecological intp&e the environment.
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Table 1.The average surplus levels for N and P in foured#ht types of farms with 95%
confidence interval (Nielsen and Kristensen (2005).

Farm type Livestock Manure kg Nitrogen surplus® Phosphorus
(no. farms) rate LU ha™' Nha™' kg P ha™' kg N ha™' surplus kg P ha™'
Conventional dairy (25) 1.54 175 33 175+16.2° 16 +3.6"
Organic dairy (13) 1.14 148 26 113 +24.6° 7+5.5°
Pigs indoors (19) 1.54 108 29 123+21.6° 13+48
Pigs/sows outdoors (6) 1.69 182 53 251 +34.6° 2+71T

* Results followed by the same letter were not significantly different at P<0.05.

2.5. Willow trees in free-range pig production

Even though free range pig farming performs betteelation to animal welfare (Salomon et
al., 2007), various improvement possibilities tgpeavith weather variations and managing
nutrient loss have been carried out. Introductbperennial energy trees into this farming
system seems to be a promising and sustainableofvpyoducing renewable energy while
improving animal welfare, agricultural diversity daenvironmental benefits (Horsted et al,.
2012). In Danish free-range organic pig farms, diely farmers have already established
willows and poplar trees even though limited stadiave been done to come out with concrete

findings on prospects and challenges on integrdkiage crops in the paddocks.

Integrating trees into the pasture, also knownlaspasture or silvopastoral farming, has been
done since 1600s with diversification of agricudlumcome through wood production and
improving shelter and fodder for livestock being tbcal objectives (Garrett et al,. 2004). Most
of the approaches used in these agro-ecosystemesaretensive approaches and with less
potential for undesirable consequences to the emwient (USDA, 2012). By increasing
agricultural diversity, these systems offer a numieecosystem services including wind
control, soil erosion management, improved pollorgtsource of food materials, decorative
floral and biofuel. The presence of woody peremnialthe system also offers opportunity to
mitigate the impacts of global warming through sjration of atmospheric carbon dioxide
(Montagnini and Nair 2004).

A willow tree (Salix spp.), is a perennial energg that is characterised by having quick
juvenile growth, coppicing ability even after mple harvests, tolerance with high planting
density (Volka et al,. 2006) and deep rooting exyst{Mortensen et al,. 1998). The high
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transpiration as well as extensive and diffuse system of willows enables the trees to have
wide range of tolerance to water logging conditigiWslka et al,. 2006) as well as being
potential for other applications including reduatiaf nutrient loss to environment (Mortensen
et al,. 1998). In a free range pig system combwét willow crops, the pigs should be
introduced in paddocks with willow when the trees well established so as to avoid the
aggressive rooting behaviour the pigs may executd® willows (Horsted et al., 2012). This
is because with the rooting and manipulating behavof pigs, the young willow trees might
be destroyed. Garrett et al., (2004) reported birggvsf terminal shoots by the animals might
result into deformity or disrupt tree growth andstimight threat sustainability of integrating
trees in grazing areas. However, whenever thereaveasistant supply of nutritional fodder in
grazing area, Garrett et al., (2004) reported #mmals were less keen to browse the tree

shoots.

In relation to animal welfare, the well-establisheges provide shelter against wind, and the
microclimate created by trees is important for ppgsticularly for temperature regulation
during hot days (Horsted et al., 2012). A studySajlvik and Walberg (1984) to investigate
effect of wind velocity and temperature on outdpays found pigs prefer areas with lower
velocity regardless of the temperature. The samdysteported frequent cases of shelter
seeking when the temperature wa€ svhich was below their lower critical temperatu8bade
has been reported by Garrett et al. (2004) to ingranimal performance, with primary
emphasis placed upon heat stress amelioratiordditi@n to the behavioural shelter seeking,
previous related study by Horsted et al. (2012)aatbthat in presence of willow trees in the
paddocks, pigs excrete most of the time close @ovttiows compared to other areas. Also
willow trees away from the feed and water trouglesenfound to experience lower excretory
behaviour compared to willows close to the troudhdree range pigs without energy crops,
studies reported areas close to huts and feedeggtagher leaching potential compared to the
rest of the paddock. Stauffer et al., (1999) fo@fdtimes higher leaching potential close to
feeding and pigs hut. The higher leaching potentde to feeding troughs and huts have also
been reported by Eriksen and Kristensen, (2001)Satoimon et al., (2007).

With regard to reducing underground water pollutgmdies in US have reported the potential
of willow shrubs (with no combination with pigs) tiptake heavy metals and organics from the

soil as well as enhance the breakdown of orgamotetoxic compounds in a process so called
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phytoremediation (Ebbs et al,. 2003). Also willolaas/e shown some preliminary prospect on
regulating ground water and this could be explaiogds perenniality, fast above and below
biomass growth, high transpiration rate and toleeain wet conditions (Volka et al., 2006).

Nair and Graetz, (2004) reported higher nutrietéki by the soil and vegetation in the woody
perennials ecosystem with grazing animals whereéydss of nutrients into streams channels
were minimised. The potential nitrate leaching Wdlwever depend on one or combinations of

factors which include soil texture, water percaatand moisture content of the soil.

Lastly, as the willows are part of pig productiofstem, there might be some concerns and
challenges brought by either presence of treelseir interaction with pigs and other system’s
components. In the preliminary stakeholder meeth§GFORWARD research project (co-
funded by the European Commission, Directorate @érier Research & Innovation) with
Danish organic farmers, among other issues thediaentified some possible consequences
of integrating energy crops into free range farmifdgmpared to indoor settings, the free-range
pig’s settings are less automated which means riore will be spent by a farmer with
machinery like daily transporting feed and watema$l as during restraining and inspecting
the pigs. Also the harvesting of willows may pobkalenges to a farmer especially when the
tree heights are too higher. In addition from eeoiropoint of view, a farmer has to foregone
a certain piece of land to plant willow insteadbeing been included in feed production or
grazing area for pigs. Therefore a farmer mightnteerade-off between the benefit they lose
for not growing crops if will be compensated by tapayment from energy crops. From Danish
legislation however, the energy crops have to bedséed before 10 years old and then the
subsidies can be ongoing similar to conventiorngbsr Regardless of the mentioned challenges
which might directly or indirectly affect a farmehjs integrated farming system seems to offer
a lot opportunity both for good animal welfare arironmental sustainability.
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Conclusions on Literature review

With EU regulation and country specific productgtandards, free-range organic pig farming
have been operated on a basis that conform witmanwelfare, product quality and
environmental protection. Outdoor pigs are abletpress their natural behaviour and the
restricted use of antibiotics, hormones and peghave been among major reasons for the
growth of organic pig farming globally. A good expl@ of country specific standards is by
Danish Friland A/S that works together with Damdstimal Welfare Society where a farmer is
required to oblige the Code of Practise in ordertfeem to sell their pork to this largest
exporting meat company in Denmark. While EU regatet apply for all European States, the
country-specific standards might be different doesbme factors including production
conditions and climate variability.

Being faced with some production challenges pddrtufor high piglet mortality rate, some
practises in outdoor organic farming could put iemophasis and/or introduced. Farrowing hut,
being the primary structure in reducing crushingtgcting piglets and principal modifier of
the environment, it has to be provided with suéfiti amount of straws without forgetting
sufficient grass on the paddock. With regard tdvargmortality rates in outdoor settings, close
supervision prior and after farrowing should be ioyed. The above proposed improvement
strategies should put consideration on improveroéfdarm breeding goals i.e. careful genetic
selection of pigs in order to improve piglet sualivates. The maternal genetic traits including
maternal behaviour and lactation output might h@osative influence in survival rate of piglets.
However in most cases pigs are being bred for asing growth rates and not improving
maternal traits for piglet survival.

Usually, with free range pigs there is an inevigablkkk of excess nutrient loading from
excretions in outdoor grassland. The relativelgéatand resources need for home-grown feed,
lower yield and poor feed conversion by pigs coragao conventional farms may question
the sustainability of organic pig production. THere some practises including frequent
rotation of pigs into new paddocks, having propetgock design, improved measures on pig’s
diet and integration of the perennial energy cliops paddocks are likely to reduce the excess
nutrients losses.

With the energy crops, the presence of willow mpladdocks increase farm structural diversity
that enhance the extensive behavioural inventorgigg which enable pigs to express their

natural behaviour. Environmentally, willow treestlwtheir long growing season, coppicing
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ability, deep rooting system and high nutrient dedysstudies have reported the potential of
these trees to act as buffers for ground waterupoli while at the same time produce
bioenergy. With the leaching especially with sasdif which in Denmark being as high as 70
Kg N/ha, these trees have been reported to hawteatmal to reduce N leaching between
45 - 65 Kg N/ha. However, the significance of waan reducing nitrate leaching might be
influenced by number of factors such as stockingsig, spatial allocation of features in the
paddock, pig rotational regimes, farm history, ampiate willow age to integrate with pigs and

general farm management practices.
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CHAPTER Ill: MATERIALS AND METHODS

3.1. Site description and experiment layout

The experimental part of this master project wasezhout in a free-range organic pig farm at
Hovborgvej Brorup, Region of Southern Denmark (bwgrej 1, 6650 Brgrup) located at 55°
34'35" N, 8° 59' 30" E. This farm is among tve biggest organic pig farms in Denmark with
established energy crops in the pig paddocks (AGMBRD, 2014). The lactating sows in
this particular farm which are approximately 186 kept in individual paddocks for all year
long. The weaning age is 8 weeks where the pigletsnoved in the indoor stables with access
to outdoor run until they reach slaughter weighttide weaned piglets are finished on the farm
(AGFOWARD, 2014). The willow together with poplaeés have been established back in
2009 in a 1 hectare area of grassland that is issddctating sows with the willow not have
been harvested at least by the time this studycamaged out. In order to investigate the nitrate
leaching which in Denmark normally occurs betweespt&mber and March (Blicher-
Mathiesen et al., 2014), ceramic suction cups westalled in autumn of 2014 (late October)

in the paddocks where the pigs had been removesk&sibefore installation started.

=

i
R

m;éhmve

Figure 2: The Google Earth map showing the Holm Brian’srfawhere experiment have been
conducted. The yellow pin on the left shows theymans old willow as when this Google Map
was produced in 2011. At the bottom left of theupecis the concrete stable with an outdoor
run for weaners and finishers.
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The individual paddock’s length dimension with oghazing area is 18.5 m while with willow
inclusion at both ends of the paddock makes it 28ngth and one paddock from another was
demarcated by an electric fence. Unlike the condenyth of the paddock, there is however
small variation in paddock width as seen in figBrevhere the average width value for the
paddocks used in this experiment was 12.3 m. Toex¢ihe paddock size for an individual sow
is 282, 9 M (12.3 m x 23 m) which makes the stoking densityttie lactating sows to be 35
sows per hectare. There were three willow clonegypat were included in the paddocks used
in this experiment. Tordis clone in particular wiasluded in both sides of the paddock while
there was also Inger and Tora clones as seenurefi§, The electric fence that marks the end
of the paddock was between the two willows rowsated on each side of the paddock.
However, the suction cups were installed in thedpall side with a row of willow clone which

was Inger.

Four measurement rows of 10 metres long from thiewviwere established with five suction
cups in each established measurement row at incgedistances of 0.5, 2.5, 4.5, 6.5 and 9.5
metres from the willow. The starting point of theasurement row was chosen to have a live
standing tree and this made the distances betvireméasurement rows to be different. The
distance between first and second row being 4 ogrekand third 9 m and lastly third and
fourth rows 14 m as shown in figure 3 below. Befiosgalling the suction cup, a small ditch of
0.7 m and 0.15 m depth and width, respectively vrg along the measurement rows to
facilitate required depth of the cups from the aoefand also to avoid the existed mud to run
down the measurement tracks. Due to nature of witmots which can go as deep as 1.3 m
from the surface, the points where cups were ilestadind the drilling machine made a hole of
1.5 m depth from the surface (this includes 0.7 th@ ditch). Also in order to make sure there
is a good contact between the suction cup andaadilavoiding spaces around the cup, 30 ml
solution of Silica Flour Millisil M 6.1 was applieat the bottom before inserting the cup. With
the soil being sandy and having some small staness not easy to have a uniform depth for
all the suction cups as shown in appendix 1 anaverage depth for all cups was 1.45 metres.
For the same reason, one pipe of the cup got brakdrthis made the total cups installed at
once being 19 instead of expected 20 cups. Thelsagrand vacuum control tubes from the
five suction cups in each row were connected in @aeuum control chamber/sampling

chamber (see appendix 3).
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Figure 3. The experimental layout for lactating sow
' Paddock Featur paddocks showing four measurement rows, each ivéh f
' ) suction cups (except in row 1 which had a defecticu
. e cup) established against the two rows of willovesrén
H each side. The grazing area in the paddock wasnigavi
oo e | insignificant grass cover during autumn and wintdmhe
| A defect Suction i
® Cup g hut is located at nearly 4.5 m while the feedesstaatween
[T 6.5 and 9.5 m as seen also in figure 12. The fiasidock
= Suction Cups | was not used in the experiment while paddock 2 doe4
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:'—"'"nmpmms taken. Note that 18.5 m is the distance coveregt&sing
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3.2. Soil Sampling

At 1.5 m on each side of suction cup installed,gbi drill was used to take soil samples at
three depth levels of 0-25 cm, 25 - 50 cm and 500 cm from the soil surface. The samples
were used to characterize both physical and chésodaroperties including soil texture, total
Carbon, Olsen P test for Phosphorus, mineral-Nildigton (NG and NH*) and soil pH.
Therefore for all the soil sampling units and &dabpth levels there were a total of 60 samples
which were deep frozen until the analyses were mBlde first analysis with soil was done to
quantify the Nitrate-N, ammonium-N and Olsen P athedistance and soil depths with the
remained soil samples being kept for further analgs texture and pH.

With the deficiency of enough soil to carry outldekture and pH analysis at each soil depth
and distance, the decision was made to pool the gbsimilar distances from the willow (a

total from O to 100 cm). By doing so it was therefaot possible to investigate the variation of
soil texture and pH with depth, and the analysis waly focused on a distance variation
perspective. The soil texture analysis alone ne&@@dj, while for total Carbon about 10 to 15
g of soil was required. As shown in table 2 beltve, new sample A for instance, was a result
of pooled original samples which were sample In@ &together with samples 16, 17 and 18.
All of the pooled samples came from the same digtafi 0.5 m from willow and the same was

true for the other distances. As a result of papsimilar distances, the number of replication

for new samples became two unlike the original daswwhich had four replications.

Table 2: The pooled new soil samples at similar distes from the willow for soil texture and soil comteanalysis

New Sample Distance Soil Sample numbers from where New| Total weight of New Sample
(metres) Sample was pooled from (grams)
A 0.5 1,2,3+ 16,17 18 146
B 25 4,56 +19,20,21 156
C 4.5 7,8,9 +22,23,24 161
D 6.5 10,11,12 + 25,26,27 192
E 9.5 13,14,15 + 28,29,30 214
F 0.5 31,32,33 + 46,47,48 111
G 25 34,35,36 + 49,50,51 279
H 4.5 37,38,39 + 52,563,54 272
| 6.5 40,41,42 + 55,56,57 162
J 9.5 43,44,45 + 58,59,60 172
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3.3. Laboratory mineral N (Nitrate-N and Ammonium-N) analysis

For mineral N analysis (N$Dand NH™"), samples collected from the field were being kapt
plastic bottles at the freezer with temperature® Q0in order to avoid volatilization of
ammonium which is triggered as the temperatureeaszs. One day before the analysis started,
the samples were taken off the freezer into a rtemperature in order to defreeze them. The
next process was weighing them and then mix with$zum Chloride (1 M KCI) before being
taken to a shaker in order for the solution andl aiticles to thoroughly mix. When shake
well, the soil samples were filled in test tubeady for centrifugation that took place for
approximately 5 minutes at 3000 rpm (rounds peruten With the test tubes, the samples
were taken for analysing the quantities of AmmoniNmand Nitrate-N using
Spectrophotometry method as used by Best (197@rebly autoanalyser was connected to the
sampler and spectrophotometer by using the tuidBs gppendix)4In Autoanalyser machine
there were separate tubes for both nitrate and amumothat pass through the pre-mounted
analyser membrane. Hydrazin was used to convedtaitnto nitrite under Copper catalyst
(CuSQ?). The nitrite was then reacted with sulphur angidd ethylenediamine §84(NH2)2)

to an azo dye (which can be range from brown-orgoige colour depending on the NO
concentration) while the actual concentration vadgtermined using spectrophotometer at 520
nm. For analysis of ammonium-N concentration, then@nium reacts with salicylate {8s03)

and sodium dichloroisocyanurate under the cat&8gsgium nitroprusside NfgFe(CNENO], to
form a pale green or emerald solution before bdetgrmined by the spectrophotometer at 660
nm. The separate concentration readings for nittateammonium from the spectrophotometer

were eventually being displayed in the connectedpder.

3.4. Soil water sampling

The soil water has been sampled every 2 weeks snstallation of cups with the first
measurement being on 7th November 2014 until 5thcM@015. A suction of 70 kPa was
applied 2 days before taking samples which madensder slowly penetrate into the suction
cup. After collection of 9 times, water samples evesent to a private and independent
environmental laboratory called “AnalyTech Miljgtadatorium A/S” for analysis of NO3-N
concentrations. This laboratory also investigated®Isen P concentration in the soil water in
only one sampling period from the last water sasptdlected on 5th March 2015. The method

used for analysing the nitrate-N was UV Spectropima&try as used by Navone, (1964) using
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the spectrophotometer with glass cuvette. The teets two opposite sides which are opaque
and transparent with the later sides being abl@temit Ultra Violet light (UV). The soil water
samples were kept in the refrigerator &C4before the analysis began. In laboratory anglysis
the wavelength of 220 nm was applied to obtaimilrate levels in the sample. However with
presence of dissolved organic matter in the samipleh could also be absorbed at 220 nm, the
UV of 275 nm was used where only nitrate cannaalimorbed and the difference between the
two wavelengths gives the approximate nitrate kewelthe soil water. In order to avoid or
minimize the interference effect of some suspemdatdrials such as hydroxide and carbonates,

simple filtration together with additional of hyaraoric acid was used

3.5. Laboratory Olsen P test

The method used for Olsen P determination wastdredard method developed by Olssn
al., (1954). The 10 g of dry soil was weighed into 9@exst tubes and filled with 20 ml NaHGO
aqueous solution of pH 8.5. The temperature ostietion was recorded and adjusted to the
range of 20 C. The NaHC@®stock solution was prepared by dissolving eigbty fgrams (84
g) of NaHCQ crystals in deionized water in a 2L volumetricskal0 ml of polyacrylamide
was added to the solution ad stirred thoroughlye pH was adjusted to 8.5 with 2M NaOH
and the solution filled with deionized water toit2el on the volumetric flask. Each dry soil in
test tube was then filled with 20 ml aqueous NaH@OIBtion. After samples were shaken in
a rotator for 30 minutes and centrifuged at 3008 fpr 5 minutes. One (1 ml) millilitre of
supernatant was taken with vacuum pipette andedilirt 9 ml deionized water for staining.

3.6. Statistical Analysis
Before sorting the data and conducted statistitalyais, both soil mineral N (NN and NG-

N) and P concentrations were converted from mg/Bgrnfo Kg/ha as seen appendix 6

3.6.1. Mineral Nitrogen and Olsen P distributions

A two way ANOVA factorial design with the main effs of distance and depths was used.
The distance consisted of five levels (0.5, 2.5, 8.5 and 9.5 meters) while the depth had three
levels (0-25, 25-50 and 50-100 cm) i.e. 3x5 faeladesign. With this design there were four

replications which were represented as four measemerows. The study was therefore carried

out to investigate whether the two independentaldes had interactive effects on mineral

nitrogen (NQ-N and NH-N) and Olsen P concentrations in the paddocks eviaetating sows
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were kept. Whenever there was significant diffeeerfavhen theF-test £<0.05) was
significant) the Tukey test was used to point obtclv pair of concentration means differed

significantly. The model for this two-way ANOVA ftarial design is as elaborated below.

Yijk = pn +ai + pj + (ap)ij +eijk whereby;

Yijk - the observed concentration at deipimd distance
* umean of the concentrations

» i - effect of depth

* pj - effect due to distange

* (ap)ij - interaction of depth i and distance j

* eijk - error term. Also =1, 2,3 whilej,1,2,3,4,5

The (3x5) factorial design can be presented imglka matrix table 3 below where by A, B and

C are concentrations that might or might not haweractive effects of both depth and distance
e.g. A3 is the concentration that is determinedh®yinteractive effect of distance 4.5 m and
depth 0-25 cm.

Table 3: The 3 x 5 factorial matrix to investigatbe distribution of Mineral-N and Olsen P

at different soil depths and distance from the wily

Depths
Distances (m) 0-25 cm 25-50 cm 50-100 cm
0.5 Al B1 C1l
2.5 A2 B2 Cc2
45 A3 B3 C3
6.5 A4 B4 C4
9.5 A5 B5 C5
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3.6.2. The analysis of Nitrate-N in soil water

A factorial design with two way Analysis of VariamANOVA) was used with the main effect
with this analysis being distance from willow amtié of sampling. The effect of time is due
to the fact that the soil water sampling has beenex out from autumn (early November) to
late winter (early March). The soil water was ccliéel 9 times after every two weeks between
the whole sampling periods mentioned. This patteas replicated with four measurement
rows. Unlike nutrient distribution where soil weeken at different depths, the effect of depth
in nitrate leaching is not considered since allghetion cups were installed at an average depth
of 1.45 m from the soil surface. The ANOVA was usetest whether there was an interaction
of time of sampling and distance from willow on thi&ate leaching potential or whether the
nitrate concentrations were affected by time of @arg or the distance from willow trees.
Tukey test was conducted when theéest P<0.05) was significant. The statistical model for

this analysis is as follows;
Yijk = p +ai + Bj + (ap)ij +eijk where by

* Yijk - the observed Nitrate concentration at samplimgt and distance
e umean of the concentrations

* i - effect of sampling time

* pj - effect due to distange

* (ap)ij -interaction of sampling time i and distarjce

* eijk - error term Alsa =1, 2, 3 whilg,1,2,3,4,5

The (5x9) factorial design can be presented immgpoka matrix table as follows where by letter

A - | represent the first to the last soil watemgding period at various distances.
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Table 4: The 5 x 9 factorial matrix for investigatg the NO3-N concentration in soil water
at different distances from the willow from Novembieom 2014 to March 2015

Distance from Sampling time (November 2014 to March 2015)
Willow (m)
A B C D E F G H |

0.5 0.5A 0.5B 0.5C 0.5D 0.5E 0.5F 0.5G 0.5H 0.51
2.5 2.5A 2.5B 2.5C 2.5D 2.5E 2.5F 2.5G 2.5H 2.51
45 4.5A 4.5B 4.5C 45D 4.5E 4.5F 4.5G 4.5H 4.5]
6.5 6.5A 6.5B 6.5C 6.5D 6.5E 6.5F 6.5G 6.5H 6.5l
9.5 9.5A 9.5B 9.5C 9.5D 9.5E 9.5F 9.5G 9.5H 9.51
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CHAPTER IV: RESULTS

4.1. Nitrate-N distribution at various soils depthsand distances from willow

In relation to N@-N distribution in the lactating sow paddocks, istatal analysis found a
significant interaction effect of the depth andaixe (DF=8, p<0.05). There was also a strong
significant difference in N®N distribution due to distance at various pointsaga from the
willow trees (DF = 4, p<0.001) while analysis foumaimain effect due depth variations (DF=2,
p>0.05) as seen kRigure 4below.

Figure 4. Nitrate-N distribution at different soitlepths and distance from the willow
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The NQG-N distribution tended to increase from 0.5 m befiached peak levels at 4.5 m and
then sharply decreased to the last distance paindistance 4.5 m from the willow, NEN
concentration was significantly higher at all tlod slepths compared to other distance points
(Figure 4. When considering the total average :\NOthrough the whole soil column (0 - 100
cm), the N@-N at 4.5 m was 124 Kg N/ha which was about 2, 4né 11 times more of the
total average at 2.5, 6.5, 0.5 and 9.5 m distaresggectively. In the lower soil profile (50 - 100
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cm) that is susceptible for leaching, thefNDat 4.5 m was as high as 42 Kg/ha with the closes
levels came from 2.5 and 6.5 meters with 23 ank@08l/ha respectivelytdble S5below). With
NOs-N variation with depths, the major significantfdience in depth levels was at 6.5 m
distance where the lower soil level (50-100 cm) B&dKg N/ha which was more than three

times compared to topsoil.

Table 5. The average and total Mineral Nitrogen aRthosphorus (Kg/ha) at each soil depth

and distance from the willow trees

Distance | depths NO3-N Total NH4-N Total Mineral Total Phosphorus | Total P
(m) (cm) (Kg/ha) NO3-N (Kg/ha) NH4-N N Mineral (Kg/ha) in each
at each in each N in each distance
distance distance distance (Kg
(Kg/ha) (Kg/ha) P/ha)
0.5] 0-25 8 18| 17 24 25 4p 25 9
25-50 7 5 12 11
50-100 3 1 4 2
25| 0-25 19 65) 19 2 3y 8b J1 39
25-50 23 2 25 7
50-100 23 1 23 1
45| 0-25 36 124 19 24 5p 149 30 13
25-50 46 4 50 11
50-100 42 1 43 2
6.5| 0-25 6 31 56 71 6P 10 J1 33
25-50 4 13 17| 17
50-100 20 2 22 g
9.5| 0-25 1 10 71 9] 73 10p 28 30
25-50 2 18 20 19
50-100 6 1 8 2

4.2. Ammonium-N distribution with soil depths and dstances variations

The statistical analysis also showed the interaatitect of depth and distance on distribution
of NHs-N in the lactating sow paddocks (DF= 8, p< 0.0%jere were also a strong significant
influence of both distance (DF=4, p<0.001) and kdépi-=2, p<0.001) on the distribution of
NHas-N. The NH--N from willow to 4.5 m was similar at all the tlersoil depths even though
large proportion of NN was found in top soil. NHN was however significantly higher at
6.5 and 9.5 m distance with 70. 5 and 90.6 Kg Néspectively which were 3 times higher
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compared to the NHN in the first 4.5 m from the willow tree&igure 5. In all the distance
points from willow, the top soil (O - 25 cm) corduted between 73 to 87% of the total NW
in the whole soil profile. The distances 6.5 arslrf.are where the feeders were located in the

summer and early autumn before the experiment coroee

Figure 5. Ammonium-N distribution at different soilepths and distance from the willow

80
70
60
50
40
Soil Depths

30 0-25cm

25-50 cm
20

Ammonium-N distribution (kgN/ha)

50-100 cm

10

0,5 2,5 4,5 6,5 9,5

Distance from the willow (m)

4.3. Total mineral-N distribution at different soil depths and distance from the willow

When considering the total average of the four mmeasent rows for mineral N, the statistical
analysis did not find the interactive effect of the@ main factors (depth and distance) ganN
distribution (df=8, p>0.05). There was however strsignificance due to the main factors
depth variations (DF=2, p<0.001) and distance (Qp=4€.001), se&gure 6below.

35



Figure 6: Mineral -N distribution at different soildepths and distances from willow
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Figure 7. The total mineral N and Olsen P concenti@ns in a 1 m soil column with

various distances from willow

160
140
120
100

e Mineral N
80

Olsen P
60

Nutrient distribution (Kg /ha)

40

20

0,5 2,5 4,5 6,5 9,5

Distance from willow (m)

36



From the willow up to 9.5 m distance, the mineradidwed a significant increasing trend for
the top soil (0- 25 cm) with the lowest levels 6f2Kg N/ha at 0.5 m and the highest of 72.6
Kg N/ha at 9.5mf{gure 6. The constituents of this Mineral N differed witlstance. For
instance the highest contribution of &M in the top soil (0-25 cm) was found at 4.5 mhwit
about 64% of mineral N while 90 and 98% of NN accounted for total mineral N at 6.5 and
9.5 m respectivelytéble 5. For the other lower soil profiles, there wasrareasing trend for

mineral N up to 4.5 m while at 6.5 and 9.5 m theeral N seemed to decrease.

When taking into account the total mineral N at Wigole soil column (0 - 100 cm), the
distribution levels at 4.5 m distance with 149 Ktha&lwere significantly higher compared to
other distance pointsigure 7). The NQ-N at 4.5 m contributed 83% of the total miner&iN
the whole soil column and this is the highest propo of NGs-N followed by 76% (64.5 Kg
N/ha) at 2.5 m distance. In the other way roune Nk4-N accounted for about 70 and 90% of
total mineral N at 6.5 and 9.5 m distances respelgti

Therefore in summary, N-N seemed to concentrate more close to 6.5 anthdistances
which were the location for feed and water trougbseen ifigure 12 The mineral N at 6.5
and 9.5 m distances had nearly a similar mineraMent of 101 and 100 Kg N/ha respectively
(as seen itable 5andfigure 7 even though they had different proportions ofsNNHand NG-

N which will be explained in the discussion pant.addition, the N@N was found in higher
levels at 4.5 m distance which was the closesttpoithe lactating sow huts. This was followed

by the 2.5 m distance which was also close to thésshuts.
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Table 6: ANOVA output summarizing the significanéevels existed on the Mineral N, Olsen
P and NQ-N in the soil water

Variables

NO3-N concentration in
soil

NH4-N concentration in
soil

Mineral N concentration in
soil

Olsen P concentration in
soil

NO3-N in Soil water

Main Factors &

Interaction

Distance: Depth
Distance

Depth
Distance: Depth
Distance

Depth
Distance: Depth
Distance

Depth
Distance: Depth
Distance

Depth

Distance: Sampling Time

Distance

Sampling Time

Degrees of Freedom

Legend: NS - Not significant} - Significance level

Significance codes

NS

**

P >0.05

P <0.05

P <0.01

P <0.001
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P-value

0.0206

8.952e-09

0.1709

0.01832

1.798e-08

< 2.2e-16

0.06761

0.0002116

6.348e-07

0.2182

0.01147

< 2e-16

0.9012

0.001523

0.939754

Significance

*kk

NS

*kk

NS

*k

NS



4.4. Olsen P variations in the paddock

The ANOVA analysis found no interaction effect @jpth and distance on the distribution of
Phosphorus. The effect due to depth variationssivasgly significant (DF=2, p<0.001). There
was also an influence of distance on P distribugieen though the effect was not as strong as
due to depth variation (DF 4, p< 0.05). The Phogph the top soil (0 - 25 cm) was nearly
the same from 2.5 to 6.5 m distances with 30 - §Pkda with the lowest value came from the
closest point to the willow with 25 Kg P/ha. Theseiations in top soil were not significant.
For the subsoil (25 - 50 cm) however, there wamareasing of P levels from the 2.5t0 9.5 m
as shown irfigure 8 below. On the total P through the soil column (@-X@n), the 6.5 m
distance had the highest P with the total of 53®HKwa followed by 50 Kg P/ha at 9.5 m while
the lowest value was found in the closest pointh® willow with 39 Kg P/hatéble 5.
Therefore, most of the Phosphorus in topsoil wersd close to feeders than near the trees

when considering the distribution in a 1 m soiluroh.

Figure 8: Distribution of Olsen P at various soilepths and distance from the willow
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4.5. Nitrate-N concentration in the soil water

Even though there was an interaction effect ofatis¢ from the willow and sampling time on
the NQ-N concentration in the soil water, the statistiaalysis didn’t find them significant
(DF=32, p>0.05). The concentration level was owlynd to be significantly affected by the
distance variations (DF=4, p<0.01) while NN variation at each distance due to time

measurement were not statistically significant (BF5>0.05).

Figure 9: The average N@N concentrations in the soil water at different sgling periods

and different distance points
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With variations due to distances, the Tukey tesnébonly significant difference of NEN
concentration at 4.5 and 6.5 distances when theg s@mpared to the closest measurement
point to the willow (0.5 m) and at 9.5 m. The othariations with distances were not

statistically different. There was an increasirentt for 4.5 and 6.5 m distances with the two
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having the average peak levels of 57 and 44 mg-NWitre respectively, with the former
recorded the highest concentration compared tor aliseances. The sampling time for peak
concentration at 4.5 m was 18th December 2014fdtin¢h sampling) while for 6.5 m distance

was 19th January 2015 (sixth sampling).

The average N&N in soil water didn’t show high variations witarapling dates throughout
the experiment where highest and lowest averageldewvere 24 and 18 mg NOI/litre,
respectively. Unlike sampling dates, distance vwiams revealed high N&N differences
during sampling period. For example 4.5 m recottiechighest average level of 37 NiWlitre

for all sampling times even through the highestcenrtration was 57 N&N/litre in 18" Dec
2014 (fourth sampling). Unlike other distances, M@s:-N at 9.5 had the lowest average
difference between the highest and lowest levells &/NG-N/litre while 4.5 m had the biggest
average difference with 45 N@\/litre.

It was important to make a comparison betweens-N@oncentration in soil water and the
NOs-N levels from the soil samples. Figuré aandb below display an average N® for 20
suction cups (x-axis) for all sampling period witte trend of soil N@N. Note the missing
value for a defective suction cup number 3. Suatigrs 8 and 13 (4.5 m) found at measurement
rows 2 and 3 from the experimental site had thédsgNQ-N from both soil water and soil
samples. The pattern for measurement row numbesAnet consistent as previous two rows
since highest N&N in soil water was at 6.5 m (suction cup 19). Tinech better trend could
however be observed in figure 10 b where 4.5 mrdsmbhighest N®N levels in both soil
water and soil samples. Even though the 2.5 m hgd NOs-N in the solil, this didn’t
corresponded into N&N in soil water as compared to 6.5 m which hadhkagncentration in
soil water. It can also be observed the more & $asilar soil water N@N at 0.5 and 9.5 m
even though their soil nitrate levels differed. Bxplanations for these can be seen in the next

chapter of discussion.
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Figure 10 a: The relationship showing the trend &fOs-N concentration in soil water with

the levels in soil samples
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4.6. The result for soil properties

From the soil texture classification using the Barsoil classification system (JB-system), all
of the soil samples were Coarse sand (JB 1) witlegbion of 6.5 m distance where by the
classification was Coarse Loamy Sand (JB 3) wily clontent 5.4 %. The clay content at 6.5
m distance was twice as much as that of 0.5 mrdistéable 7). For total Carbon in 100 g of
soil, the C tended to increase from as you moveydman the willow (0.5 m up to 9.5 m) with
9.5 m distance having nearly twice of C found & ®. distance and the same was true for
amount of humus. The only measured parameter thawvexd consistency with different
distances was soil pH which was moderately acidil an average of 5.8 as shown in table 7
below. The soil pH just like the other parametaduding soil carbon and soil structure was

from an average of 0-100 cm soil column depth.

Table 7: The output for laboratory analysis for $aexture and other soil contents

Distance Clay (<2 | Silt (2-20 | Course silt (20-63 | Fine sand (63-200 pm)| Humus JB Total C | pH
(m) pum) um) pm) + Course sand (200- Number
2000 pm

m g/100 g g/100 g g/100 g g/100 g g/100 g g/100g | N/A
0.5 2.35 2.65 4.79 89.0 1.p L 0.10 5.8
25 3.36 2.89 3.74 88.41 1.6 1 0.94 5.8
45 3.36 2.89 3.24 88.3 2.p i 1.7 q.8
6.5 5.23 5.02 4.94 82.64 2.2 3 1.27 5.8
9.5 4.11 2.89 3.95 86.7 2B i 1.36 q.8

4.7. Climate conditions

The climate data for rainfall, daily temperaturel @oil temperature were obtained from the
Danish Metereolical Institute database using a @fidlO x 10 km for Ulvehgjvej. This
investigation was done when the daily temperatimeged from 14C in mid-October to below

5 °C in March which was more or less similar to thiaga@il temperature. The rainfall received
from the area showed consistent high precipitatiom early August to mid-October while
also there were some high rainfall spells in boiti-Becember and mid-January.
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4.7. Estimation of Nitrogen balance for organic fre-range pig paddocks

In order to estimate the Nitrogen balance at tihe flavel, several input and output data were
required, both from a particular farm and otheosrfistandard values obtained from literature.
For the input data, the daily intake of sows wittllets was 10.8 kg of feed per sow per day
where by 15.8% of it was crude protein. The nundiguiglets per sow at Brian’s farm was

11.2 where they are being weaned after 8 weeks wWiggnhave 12 kg (Brian Holm, personal

comment). Other input data including grass yield lpectare, atmospheric deposition and N
fixation were taken from literature and availabtenslard emission factors that are valid in
Danish organic pig farming as according to Nielaad Kristensen (2005). To estimate the N
balance in Kg N/ha the number of sows per paddaetewonverted into 1 ha which is equal
to 10,000 r. With the paddock dimension being 23 m by 12.%hardfore the paddock size

which means an area required by sow was 288aw or a total of 36 sows per hectare.

For the output, we had two major N output whicheviire piglets and as N uptake into willow
biomass. Piglets have been weaned after 8 weekdeaingd taken to be finished in indoor
settings with an outdoor run. The total weight aiirsgle pig was multiplied for all number of
weaned piglets per hectare which for this experimeme 322 (after deducting 20.2% mortality
rate from farrowing until weaning) with obtainedabvalue also being multiplied by N in 1 kg
of piglet meat which is 27 grams as used by Erileteal,. (2002). The difference between the
above total input and exported out of paddock psgkewhat is being deposited on the paddock.
Some of the N deposited will be taken by willow @ndss (even though there was almost bare
land in the paddock), atmospherically lost, incogbed in soil organic matter or be leached

below the root zone.

The N uptake by willow was estimated from the N leggpion rate of 120 Kg N/ha by
Pugesgaaret al., (2014) and Cavanagh et al., (2011). The laterystudere pig slurry was
applied to the willow gives about 110 Kg N/ha ugddy willow when the recommended N of
120 Kg N/ha would be applied. The willow samplealgsed by Cavanagh et al., (2011) were
from the stem and the total uptake value was usel balance estimation. However, since not
all the paddock in this experiment was covered bpw, the N uptake considered was only
willow area which was 2 metres covered by a paddatiween the willow rows plus 2 metres
on each side of the paddock into a grazing are#h ¥ich implication, the area technically
covered by willow per paddock was 98.4 (& m x 12.3 m) which makes the potential N uptake
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by willow to be 39 Kg N/ha. The herd calculatiordas balances at the farm level are as shown

in tables below.

Table 8. Herd calculations per hectare for free rga sows integrated with willow trees

Herd Calculations Paddock size Units
Number of sows 36 lenght 23 m
Number of piglets /sow 11,2 width 123 m
Number of piglets 403 Paddock area 282,92 m
Mortality before weaning 20,20% 1 hectare 100002 m
Dead piglets 81 Number of sows /ha 36

Area covered by willow

Total weaned piglets 322 length 8 m
width 12,3
Willow area/paddock 98,4 %m
Willow area’ha 3542,4
N uptake by willow 38,9 KgN/ha
% willow area/paddock area 35%

In computing the N balance of the farm per hecsareeral important assumptions were made.
Even though according to Danish harmony rulesNlggiota estimates the grass yield with no
clover (which was the case for our study) to be RgN/ha, the grass-covered area within the
paddock was nearly insignificant both as feed fgs s well as its significance for N uptake.
This was therefore ignored during the estimatiomhWuch assumption, the N surplus after
deducting the N uptake by willow and piglets bec&@, 8 Kg N/ha as seentable 2 With

the associated N emissions both directly and iotdireemained N in the soil which has a
potential to be leached as MO (plus soil pool changes) became 201 Kg N/hanc&ithis
study didn’t analyse some of the parameters frarciculations such as N uptake by willow
and other N losses apart from leaching (e.g. déc#tion, ammonia volatilization and @
emission), we therefore used the standard values fterature even though we understand
there might exists variations due to a number ctioia including farm-specific conditions and

tree-grass biochemical processes. The last thinly fealance calculation was to compute the
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N efficiency which express how much of the N inpatve been converted into desired products.

The overall N efficiency for this investigation waé% of the N input whereby out this 26%

was converted into piglets and the other 10% frbm éstimated N uptake by willow into

biomass which is responsible for bioenergy produncti

Table 9: Input, output and balance for Nitrogen ia free-range pig farm integrated with

willow trees

N Balance
Input
Grass yield
Imported feed
N fixation
Atmospheric Deposition
Straws

Seeds
Total N input
Output
Weaned piglets = 322

Uptake by Willow

N surplus

Emissions Emission Factor
NHs during grazing 0,13
Denitrification 0,1

Potential NQ leaching + Soil
pool changes
N Efficiency (%) = 36%

N willow uptake (%) 40% (38,9/403,9 Kg N/ha)

N to piglets (%) 26 % (104,2/403,9 Kg N/ha)
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CHAPTER V: DISCUSSION

5.1. Spatial Mineral N distribution in sow’s paddodks

Several studies have documented the heterogenedyatial distribution of mineral N in the
outdoor pig paddocks. The defecation behaviour fatte nutrients distribution have been
most influenced with the spatial allocation of feas such as feeding and drinking troughs,
huts (Webket al.,2014) and perennial trees within paddocks (Horsteal.,2012). In semi-
natural environment, where there are diverse enmenmtal and social stimuli, Stolba and
Wood-Gush, (1989) studied that pigs use mostly wdoand bushes areas for their shelter
compared to other areas in the paddock. If aval|ghbs tend to find the shelter especially for
temperature amelioration and where there is lessssfrom wind velocity. This would however
results into increased excretory behaviour and déentrients loading close to these shelter

Zones.

The current study observed an increasing trendnforeral N from willow up to 4.5 m.
Compared to the closest measurement to the willgtv 42 Kg N/ha, the mineral N at 4.5 m
was three fold with 149 Kg N/ha (with about 84%nrgeNQs-N). At further distances of 6.5
and 9.5 m, even though the mineral N wasn’t asdrigl at 4.5 distance, there were about two
fold Nmin as compared to willow zone (0.5 m).When soil samgplvas carried out in autumn
of 2014, pigs had been removed four weeks eanliethe sow huts had been located at nearly
the same distance as 4.5 in the summer just fewha@arlier. This was however against our
experimental hypothesis in which we expected highegreral N near trees due to usage of
shelter zones as preferential sites for excretiosemi-natural environment. The study by
Horstedet al., (2012) in free-range pigs with willow and mischaurg reported high excretory
behaviour near the willow zones. From this studgr@tedet al,.2012) where pigs spent 54%
of their activities for resting near the trees ahdut 49% of the excretion behaviour close to
willow zone, we expected these results to be reftbon mineral N concentration on the current
study. Also, another similar experiment with fre@ge pigs and energy crops done by
Sorensen, (2012) found thenNthe 0-75 cm soil profile in willow zone was hightean the

distribution close feeders, mischanthus and coniimaf willow and mischanthus.

These contrast findings on mineral N distributienoéserved in our study could be explained
by two main reasons: firstly being high N uptakeAajyow and secondly the spatial allocation

of features in the paddock particularly by consitgthe trees, huts and troughs. Firstly, the
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low mineral N near willow could be due to highedBmand by the willow as mineral N was
increasing as moving away from the trees from 42\Kwp at 0.5 m and reached peak levels of
149 Kg N/ha at 4.5 m before having a nearly unifonmeral N at 6.5 and 9.5 m with 100 Kg
N/ha. Willow with their fast biomass growth, longging season and deep root system carries
potential for a significant mineral N uptake (A014). The N balance estimated the uptake by
willow which covers nearly 35% of the experimeratdock area could be as high as 39 Kg
N/ha (see table 9). The high N uptake for energpshave also been reported by Jorgersen
al., (2005) to have potential of reducing up 40 - @Nha of NQ-N that could be easily lost
by leaching in sandy soil. With the willow in a dyuarea being about 6 years old
(AGFORWARD, 2014), the root system would be expadtebe well established up to few
metres horizontally away from the trees and thidaossibly reduce thenfM concentration

close to the trees.

The higher mineral N at 4.5 m throughout the soiffiie could mainly be due to excretions
deposited by sows close to their hut since therimriton of Nwin from bedding materials is
normally low. The Nin distribution results from the current study haoakported by Eriksen
and Kristensen, (2001) for an outdoor pigs witlirees where there was an increase of mineral
N as moving closer to the huts. High concentraitonotspot areas have also been reported by
Salmonet al., (2007) whereby about 95% of nutrients excretecevdieposited to a small area
in a mobile system that covers only 24% of thelfeéaldock area. The distribution close to the
hut alone covered about 39% which was the higl@&wed by 37 and 19% on feeding and

drinking areas respectively.

Also, the second possible explanation for lownlose to the willow than what we expected
was due to spatial allocation of trees, huts aedifeg & water troughs. The distance between
huts and feeders was only about 4 metres apanvaiuh was nearly the same distance from
the huts to the trees. The experiment by Horstedl ,g2012) reported high excretion activities
close to the willow, with the willow zone locateéttveen the huts and feeders while in our
current study the hut was located between the witlees and feed & water troughs. Unlike
our experimental paddocks, the study by Horsted. £€2012) was in particular complex with

different zones within a single paddock which imigwones of grass, willow, mischanthus plus
willow + poplar for both small and large paddockke grazing area for pigs in our study area

had little grass cover for the sows and this haaeempigs to depend most of their daily diet
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from the imported feed. This might be the reasohigher levels of Min between the hut and
feeding troughs where pigs could spend most of tirae. High NH-N concentration at 6.5
and 9.5 which were about 71 and 91 % of total Mespectively, reflect the high urination

hotspots as the two distance being close to thedewater troughs.

The pig’s urine that’s mainly in form of urea coulpidly change into NHN before being
oxidised over time when favourable conditions dfifications are available (Salmon et al.
2007). This has hence resulted into higheuNHevels that were about 3 and 4 times more at
6.5 and 9.5 m respectively as compared ta-NHtlose to the willow. Eriksen et al., (2002) in
the outdoor pig farming found higheskiNin the feeding area particularly at the 0-40 cih so
depth which was similar to our experiment. Frons tl@ported study, ammonia volatilization
in the feeding area as well in shelter vicinity evéine highest with ammonia emission ranging
between 0 — 28 Kg Ng-IN/ha. The main source of NHN was presence of urine patches near
the feed & water troughs which was the same case@as experiment. Eriksen and Kristensen
(2001) with the detailed mapping of spatial N disition showed highest in the topsoil
close to the feeders of up to 454 Kg N/ha whichwite decreasing levels of up to 50% as
moving just 10 m away from the feeders. In additmthe feed and water troughs in the current
study, there has been some muddy pools in the enmfdhe paddock (between 6.5 and 9.5m)
as seen irfigure 11 below which could be another reason for highersiNHin this zone.
Quintern and Sundrum, (2006) explained that evengh the mineral N available in feeding
zones and muddy pools are readily plant availaisi® fthey can be in a high risk of being lost

through ammonia volatilization and denitrification.
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Figure 12The experimental site showing the lactating sotg kalose to the willow trees on the
left side while feed and water troughs are neanlyhie mid of the paddock that is covered with
little grass cover. The truck tire marks betweemttioughs and huts are for farm management
including feed and water supply. The picture waetaduring reconnaissance survey ¢h 8
October 2014 nearly three weeks before both suctips were installed and soil samples were
taken.

5.2. Phosphorus distribution and transport potentidin the sows paddock

With pigs being non-ruminant which means they ldekability to extract phosphorus in cereals
that is in form of phytate, there is always an &iddal of an enzyme phytase for non-organic
pigs responsible for phytate digestion (Poulse®020However for organic pig production,
feed additives including phytase are prohibitedollmakes a farmer to provide excess feed so
as to meet pig's daily feed requirements. The estofu of feed additives especially under
Danish free-range pigs has resulted into less & ééeciency which could be as low as below
30 % (Nielsen and Kristensen, 2005). The majors®oif P loss in outdoor pigs is through
excretion of faeces that accounts about 55% (Olesah,2014) while other sources are urine
that is about 9% of P input (Poulsen et al, 200@) the rest is from feed spillage coming from
the feed troughs. For these reasons, pig excretmse to feeding and drinking troughs is
expected to create higher P levels as when compairtke rest of the paddock.
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In our study where through 1 m soil profile theraswan increasing P levels at increasing
distance where the highest concentration was ¢totee feeders. With the P characteristic of
being able to attach with soil particles (adsomtionost of P excreted and spilled from feed in
the paddock tend to concentrate mostly in the tils sven though soil pH and texture could
have major influence on its transfer through thié mofile. The same theory was true as the
current study expected where on average 65% of Rotaas at the top 25 cm soil surface.
Watson et al., (2003) with outdoor pigs also fotimel similar trend in loamy sand paddock in
which a top soil (0-30 cm) had 59% and 62% as ®tahd inorganic P, respectively. Also, in
the current study total P in the whole soil colu@nr100 cm), the 6.5 m distance which was
close to the feeders had the highest P levels3@tkg P/ha with the lowest levels found close
to the willow (0. 5 m) with 39 Kg P/ha.

Salomon et al.,, (2007) with a mobile outdoor pidtefiaing system reported highest P
concentrations near the hut with 40 g/m2 (equivialert00 Kg P/ha) followed by the levels
close to feeding and drinking troughs which wagy862 (equivalent to 360 Kg P/ha). In this
study (Salomon et al., 2007), the P loading froenfdeders and huts accounted for 95% of total
P load while the other 5% came from the grazing aneen through the latter was responsible
for 76% of the total paddock area. However unli& c¢urrent study, the study by Salmon et al
(2007) had clay soil but the magnitude of P distiitm were more or less similar with our
experiment. The fact that the total P in soil catuf@®-100 cm) was increasing from the willow
up to the troughs (0.5 to 6.5 m), even though thexe a slight low levels at 9.5 m, this shows

the importance of feeders in P distribution in sudy.

Just like relatively lower mineral N in the closdgttance to the willow, the P distribution was
also the lowest at 0.5 m and this could partly X@aned by both higher uptake N and P by
the trees and possibly low excretion activitieshis zone. Unlike the topsoil which showed
slight significant difference with distance varaats, the subsoil (25 — 50 cm) indicated quite
significant variation. There has been an increasirigvels from 2.5 to 9.5 m with the later
having 19 Kg P/ha which was nearly two and threm# more than what was at 0.5 and 2.5 m
respectively. The highest P levels in subsoil &tatd 9.5 m (17 and 19 Kg P/ha) were close to
feeders where there is expected to have high mdch§ and excretion. The P distribution in
the soil column and amount of extractable P (ORBand P-AL) that could be transported down

the soil profile depends on how P can be adsorinéddasorbed with soil particles. The P
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adsorption depends on a number of factors inclusiaiigpH, soil texture and amount of rainfall

received by soil (Andersson et al., 2013).

The adsorption capacity to soil particles decreasepH increases (and vice versa) and the
same is true when the soil is too sandy which @eseréhe sorption as a result of early saturation
of soil particles. For instance Sato and Comerf¢2®05) reported a 13% increase in P
desorption as the pH increased from 5.9 to mor&@eat 7 and this might have an implication
of more P being available for plants uptake or ggrone for leaching. There are however
some variability in P adsorption and desorptioesatith the mentioned determining factors
above. With 5.8 pH level in our experiment whichrégarded as moderate acidic soil, the
Aluminium is the dominant ion that reacts with ppleate and most of the formed complex
compounds are amorphous Al, Si and Fe phosphaiasglet al. 2010). These complex
compounds will then result into very insoluble pblogte compounds with high adsorption
which makes them not available for grass uptakeedlsas being leached below the root zone.
This has been partially justified with the Olserdncentration in the soil water where by on
average it was less than 0.01 mg /litre. The lose®IP in soil water with the highest being
0.02 mg/litre could be due either the soil havéeén reached saturation and also the P in the

soil being not in extractable form (Eriksen et 2006).

Some P leaching studies have reported that loveenBentration in the soil water could be do
absorption of some of P by the porous ceramic chpace might not reflect the actual P
leaching potential (Magidt al 1992). In this study where lysimeters and pomaugion cups
were installed at 90 cm depth, the inorganic Bsimieter was more than 2 times than the one
from suction cups. Unlike suction cups which measenly the immobile pore water, the
lysimeter could also measure the preferential flohe fact that suction cups sample a small
portion of the soil pore network, the preferentialv especially in soils with more clay would
be underestimated in the analysis. This may thexefoestion the technique effectiveness in
determining the actual P leaching potential downgil. Increasing replications could enable
having representative samples even though this atsycome with an additional operation
cost with the suction cup technique normally ineobasy to installation, little disturbance to

the soil as well as low capital cost (Carrick et 2013).

Also, the soil pH analysed from the soil samplethia study was however the sum of soil in
the whole soil profile (0-100 cm) even though pHyhtipossibly differs with different levels
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of soil depth due to pigs activities such as urgmgtdefecation and feed fouling which results
into varied concentrations within the paddock. Thportance of pH in relation of P transport

have been studied by Andersson et al., (2013) ied&k in sandy soil with an average pH of
5.9 in a 1 m soil depth. The study found the P {eik this soil was lower compared to the

other site with clay soil with average other siiéhvpH of 7.5. The explanation for this was due
to high adsorption capacity of sandy soil in topadiich makes low P leaching compared clay
soil that the high pH has resulted into increasiegorption. Therefore the high P sorption index
and low P saturation from this study found lowee&ching in sandy soil even though there
was high P concentrations in topsoil. There are dvaw other studies that reported the
importance of subsoil characteristics in extragab(Olsen P and P-AL) leaching. A study by
Peltovuori, (2007) in Finland found the highestdBaption capacity at soil depths from 30 to
70 cm which significantly affected the P transpoetow the root zone even though topsoil

didn’t have very high adsorption capacity.

With free-range sows being kept in outdoor pastoiré¢he whole year, maintenance of pasture
stand is particular important in order to increlsend P grass uptake from the soil before they
are lost. The research site for the current studyhdwever have little portion of the grass-
covered land which makes little grass uptake frowreted nutrients by pigs. According to
EUROSTAT (2013), when well established the grasstake as much as 31% of the P output.
The presence of bare soil could therefore incréaseisk of P loss into ground water. This is
because unlike Phosphorus, the excreted nitrogen the paddock can be lost through a
number mechanism such as via ammonia volatilizafiMifs), denitrification (where N is
being reduced to Nwith N>O also being emitted) and nitrate leaching. Alsmpared to nitrate
leaching, the extractable P leaching is howeveeliatively small quantities which subject the
rest of the P surplus to accumulate in the soil.

5.3. Estimated Nitrogen balance

The high N surplus in the outdoor sow paddocksgsssa high risk of N&©N being transported
into ground water which might result into eutrogtion. The fact that these excreted manure
and urine cannot be exported out of the farm, hgested the outdoor paddocks with hotspot
areas with high environmental problems (QuinterB#hdrum, 2006). Being widely accepted
as a nutrient use indicator in Europe, severalistudave reported the N surpluses in Danish
grazing paddock used by sows being as high as 30-Kg N/ha (Eriksen, 2001). The N
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surplus estimate in our study was in a close ravifeabout 261 Kg N/ha, where 36 % of the
total N input was estimated to be converted intth lpglets and willow biomass. The 39 kg
N/ha as N uptake by willow used for N balance eatiom in this study have alone contributed
to 10% while the other 26 % was accounted intogisghs seen in table 9.

Using the potential N uptake by willow as studigddavanangh et al., (2011) with a potential
estimate of 110 Kg N/ha, the willow in the experite¢ paddock could uptake as much as 39
Kg N/ha since they occupied only 35% of the totadighock areasge table B Since grass-
perennial trees within the sow’s paddock involvenptex relationships between soil, grass,
trees and pigs, the ongoing physical and biochdnpoacesses might include a lot of
uncertainties in the estimation. The estimate aolysider the total amount of N in the farm
and with difficulties to both understand and quigngome internal flows increase a risks for
not accounting all of the N . This is the main meathat our N balance calculation is barely an
estimate and this has also been observed by stwitie®utdoor pigs without perennial crops
for instance by Erikseat al.,(2006). In addition, even though the willow migldssess high
uptake of the deposited mineral N, existence ofpats may overwhelm the potential trees to
uptake potential N and hence the improvement ok&l efficiency. This is true since trees in
the paddocks occupy only portion of the paddoadaafor instance in our study willow
estimated to cover 35% of the land and this letwesther 65 % of the area prone for hotspots.
The typical hotspots areas in the current inveBbgavere where we had the highest NO
close to the huts and highest NN levels near feeders (between 6.5 and 9.5 m)tHeo4.5 m
distance for example, there was a lot ofsN\Din lower soil than it was in the top soil i.6 3
Kg N/ha at 0-25 cm versus 42 Kg N/ha at 50-100 cm.

The sufficient grass cover have in grassland has lbeknowledged by a number of outdoor
experiments as important practice that could takemal hundred kilograms of nutrients. Both
NOs-N and NH-N which are in plant available forms could be iBathken by grasses which
are very efficient in taking nutrients mostly irettop 25 cm where most of the grass roots are
found. Most grazing lands in outdoor pig farming &owever associated with insignificant
grass-covered land which increases the N losdnask the urination and defecation activities
by pigs (Eriksen and Kristensen 2001; Nielsen andt&nsen, 2005). NN in particular
which is high soluble to water could easily trangpd into ground water especially in urine

patches and near the huts and feeders. HigitNElose to feeders which makes between 70
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to 91 % of total Nin could easily be lost through ammonia volatilizatgince there were some
muddy pools in the paddocks. The equilibrium batardetween the ammonia-N and
ammonium-N will however depend on several condgiamclude wind solar radiation, soil
temperature, moisture content and infiltration m@iteammonical N (Sommer and Hutchings,
2001). Also since NHN is in readily available form they can be takgnhy grass or being

later oxidized by the bacteria into N® when conditions for nitrification are favorable.

The farm N efficiency of 36% with the main outpuiy piglets and N uptake into willow
biomass was however higher compared to some résesmglts with only outdoor pigs without
perennial trees. Nielsen and Kristensen, (2005n&iance reported an average of about 28.3%
of herd balance in 6 different organic outdoor farima pilot study carried out under Danish
conditions. Eriksemt al., (2006) with lactating sows also found only 25%td total N input
which was 748 Kg N/ha were converted into pigletfhwhe N surplus being 562 Kg N/ha.
Some studies with outdoor sows without pigs howéname reported better N efficiency better
than our study. For instance, Eriksetnal., (2002) with outdoor sows in sandy soil paddock,
about 44% of the N input in the feed (880 Kg NAval converted into piglets which was 390
Kg N/ha.

The relatively high N efficiency in the current dyuhowever might not be so meaningful and
conclusive as there are high variations even wathes outdoor pig farming. Such variations
might be due to differences in stocking densitgjvidual farm-specific conditions, year and
season variations as well as imported feed (lvaierzevaet al., 2006). This has been
critically analysed by Nielsen and Kristensten,020during the Danish pilot study with the
data available from 2 to 7 years between year 372003, which included 6 outdoor pig
farms. The statistical analysis from this studyndwsignificant differences due to year which
data were collected (p<0.001) and effect of a $jgefairm under concern even though all the
farms had outdoor sow settings. In this study, evkan the investigation was carried out in
the same outdoor farm for different years the déifees were significant (p<0.001). This study
suggested these variations due to “farm type” cdwdiever be minimised by short-term
management practises such as through changingnteeedgimes and manure management
while also some long term practises such as spallatation of farm facilities including
housings and crop rotation practises could be densd. Therefore in order for willow to

overwhelm the effect of substantial N levels in sjpots, there is a need for regularly changing
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the position for feeders and huts within the pa#tdod closer to the willows. This is important
both for the even mineral-N distribution and alsaimaining the pasture stand with the later
help in improving N uptake which for most of thet@aor pigs is quite low.

5.4. Nitrate leaching and Water balance

5.4.1. Potential Nitrate leaching in the sow’s padutks

Nitrate leaching from the outdoor paddocks are @ated with excess NEN that could result
into eutrophication which is an environmental pesblparticularly in Denmark (Erikseat al,
2002). While most NN would be attached to soil particles, the NDis highly soluble to
water and high concentration in the soil with iramed percolation especially from autumn and
winter could increase its loss into ground watdf4f with time is mineralized into N&N
which could either be denitrified, taken by cropseing added to the NN pool which is
prone for leaching (Webét al.,2014).

In the current study, the NN in soil water was statistically significant widlistance variations
from willow (DF=4, p<0.01). When the soil samplingis done back in autumn of 2014, the
nitrate-N in the soil was average the highest @t for all the soil depths compared to other
distance points (figure 4). This has been prevaitethe first four samplings of soil water
between  November and 8with 4.5 m having highest levels than other distarthat range
between 40 to 57 mg N&N/litre. These extreme leaching levels could belaxed by
presence of higher NEN concentration throughout the soil profile angrhwater percolation.
This can be seen from climatic datdfigure 11where the precipitation has been persistently
high particularly up to late October where theres\aa average of 11 to 37 mm/week just a
month before this experiment started. Also, apantnfhaving highest nitrate concentrations
compared to other distances, the higher nitratewidl$ at lower soil profile (50 — 100 cm) than
on top soil fable 5 has predicted higher initial leaching. In additiohe high leaching rates
from late December to late January for all distgmmets (with exception of 4.5 m) was a result
of precipitation and melting snow. Evapotranspmatduring this period could however be
insignificant since both daily temperature and smihperatures were on average of 2 af@ 4
respectively. At 4.5 m there was a decrease to thare half of N@N from mid-January and

the levels tended to slowly increase up to Mardte NQ-N leaching between November and
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early January was on average 47 mg/litre while fnoich-Jan to March was as low as 14 mg/litre
(see figure 9). The higher early percolation iruaut and early winter resulted into lower NO

N from mid-January. The existed nitrate-N during soil sampling however could have been
accumulated from previous production season throtlgh mineralized organic-N and
ammonium-N. This means the distribution might poigsnot accounted only for NN from

the sows kept in the paddock during spring and senah2014.

The 2.5 m distance from willow which was somehowaselto the sow’s huts also had secondly
highest N@-N from soil samples apart from 4.5 m as showfigare 4 Unlike for 4.5 m, the
2.5 m didn’t reveal higher leaching as recordedhfswil water sampling. This could possibly
due to N@-N uptake by extended roots of these perennialscetiyse to 2.5 m. The experiment
done by Ali, (2014) found out tHé&N uptake by willow top-shoots was significantly hey up

to 3.5 m from trees. These results shown consisteqtake with this distance even when three
different nitrogen sources were used i.e. dairflecatanure, NPK fertilizer and sewage sludge
even though the later N source had relatively lo¥ruptake. With comparably lowéPN
from control plots, this study (Ali, 2014) suggektle importance of N source availability in
the growth and abundance of willow lateral roothe TN uptake efficiency of willow is
relatively high compared to many annual crops dlewihave long growing season plus deep
roots that could be functioning and viable evenrduautumn and also little during winter when
there are low temperatures (Mortensen et al. 1998)ke the 2.5 m, the 0.5 m distance which
had the second lowest NO® from the soil samples prevailed lowest leachihige lowest
nitrate leaching at 0.5 m and unexpectedly higklyuced nitrate-N in soil water at 2.5 m
favours our hypothesis which expected low leachiegr willow zones. This could however be
the result of both low excretion activities and theiptake by willow roots even though the
clear-cut influence of two could be difficult to lestablished as analysis for sow’s excretion

behaviour wasn’t conducted.

On the distances which were close to the feedegs §i5 and 9.5 m), most ofriN was
dominated by NE&N particularly at 9.5 m which made us to anticglatv leaching rates. With
mineralization rate being insignificant during el of low soil temperatures, most of the/NH

N was assumed to be adsorbed by soil particleshasthas resulted into low leaching rates at
9.5 m. However, contrasting a 9.5 m distance whiati only a N@N total of 9.6 Kg N/ha
through a 1 m soil column, the 6.5 m had 30.7 kgNha with the latter having about two
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third of the amount (20.4 Kg N/ha) in the 50 — Dd® soil layer. The high N&N in the lower
soil at 6.5 could be the reason of higher leachiage than at 9.5 m. This has made the 6.5 m
to have second highest leaching next to 4.5 mavitaverage of 28 mg/litre throughout the soil
water sampling where the highest leaching at thlstadce was at 44 mg/litre in mid-January
and lowest levels came a month after. Mineralizatete or nitrification depends mainly with
soil temperature and the moisture (Campbell andidleeck, 1972). The rate of nitrifier
activities (of generdlitrosomonasandNitrobacten responsible for mineralization decreases
with low temperatures. From our experiment’s sanhperature which have progressively been
decreasing from an average of°C3in October to the lowest levels #Clin February suggests
some nitrification might have still been takingg#aup to autumn. The activity rate of nitrifiers
is insignificant at temperatures below 6 while the rate increases with temperature and the
significant N mineralization can be achieved frofPC (Wang et al. 2006). The soil moisture
content may however influence the nitrifiers’ attyivrate and so is the N mineralization.
Therefore this high NHN levels remained in the grassland especially feeders will be

mineralized and being available from spring and reem

5.4.2. Water balance between willow and grassland

The high nutrient and water demand for willow congglato most of annual crops could be
better explained by their long growing season agepdoot system that is viable for most of
the year. These are the reasons make energy erdpsding willow and poplar being suitable
in areas carry high risk of nutrient loss suchastary landfills, buffer zones and also outdoor
pig grazing paddocks. Under Danish climatic condsi the willow put their leaves in April
and the high water demand throughout this period stonmer coupled with high
evapotranspiration may result into soil water dephe(Jorgensen and Mortensen, 2000).
Mortenseret al.,(1998) and Pugesgaagtial.,(2014) explained the risk of high leaching during
the establishment phase with the low root uptakeesroots are still not well established.
Pugesgaareét al., (2014) in particular with the sandy loam soil fduower N leaching with
old willow than in younger ones with 42 and 65 Kdgh&lyear respectively. Similarly,
Mortenseret al.,(1998) reported high nitrate-N concentration ane100 ppm N@-N in the
first year of establishment which was then reduceds low as 5 ppm N£N in the next 4
years since establishment. This reduction fronséo®nd year with course sand soil was similar
for 0 Kg N and even when 75 Kg N/ha fertilizatioasvapplied. Unlike this rapid reduction,

the similar experiment with loamy sand have sholewly reduction of N@-N concentration
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as the levels in the two soils matched aftér year since establishment. This hence
recommended that fertilization during establishnstuld be evaded as most of the applied N
doesn't increase the willow productivity but rath@trate-N leaching. However since the
willow in the current experiment are 6 years oldickhare regarded as “old willow”
(AGFORWARD, 2014), we assumed there was high Nkepparticularly at 2.5 m. This is why
even though there was high soil NN at 2.5 m, the leaching levels was on averagestow
compared to 6.5 m (see figure 10b). With a mildteirnvhere temperature is slightly above 0
°C, the melting snow could carry high risk of leaghbecause of increased percolation and
lowered N uptake.

When comparing leaching from willow with that ofraral crops such as grass, cereals, rape or
pea, the energy crops have considerable lower ilegchtes. Jargensen and Hansen, (1998)
report shown lower percolation in willow compareditheat with 404 versus 522 mm for 1993-
94 year and 537 versus 648 mm in the 1994-95 whregervbalance EVACROP model was
used. The low percolation which indicates highetewaptake in willow was estimated using
the soil water content and climate data which sstggihe importance of the energy crops in
protecting ground water quality. Under Danish ctinds, a mixture of mischanthus-willow
both as summer and winter crops carry leachingnpiadeof 15 -30 Kg N/ha which can be of
similar or slightly lower levels compared to grasel (26 Kg N/ha). However, since the sow’s
grassland in our study was nearly bare from auttonwinter, it is quite obvious that the
leaching will be higher than 26 Kg N/ha. Companwvitjow and other annual crops, the nitrate
leaching levels are even higher in grain crops Wil 100 Kg N/ha even though there might
exist variations due to replication number usethm experiment, soil properties and winter
crop. In addition to that, Jargensen and Hans@98)lshown effect on animal manure presence
in the winter following the cereals as a summepdhat it carries the highest leaching of up to
120 Kg N/ha.
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CHAPTER VI: Conclusions and Perspectives

6.1. Conclusions

The perennial trees within sows paddocks have bmerd in earlier studies to influence the
defecation behaviour of pigs close to willow zorn@ak could result into higherhh near this
zone (Sorensen, 2012: Horseted et al. 2012). Indhent study however both+WN and P were
lower at closer distances to the trees with tha hegels found near the huts and feeders. Apart
from the known high water andnN uptake by willow, the other possible explanationthis
contradictive finding was the influence spatiabedition of feeders, willow and huts. Pigs were
assumed to spend most of their activities betwieerntits (4.5 m) and the feeders (between 6.5
and 9.5 m) since the grass cover was insignififesat source and they almost entirely depended

their feed intake from the feeders.

With the N balance estimation, only 26 % (104 Kd&)/of the N input which was 404 Kg
N/ha was converted into piglets, while about 10% K8 N/ha) were estimated to be taken by
willow. Since the N uptake by willow was not expeentally analysed, it was estimated using
the standard values from the literature by consideonly the total area covered by willow
which was 35 % of the paddock area. Low N conversito piglets is quite common under
organic pig farming settings due to high mortalétes which under Danish conditions is 20.2%

of piglets from farrowing to weaning.

With the main primary objective of the experimethie nitrate leaching as expected was the
highest at 4.5 m with an average of 37 mgsN\itre followed by 28 mg N@N/litre at 6.5 m
with the lowest levels found at 0.5 m with 13 ntgdli The reduced leaching at 2.5 m than what
have been anticipated may be explained with higlakgby extended willow roots could
extend their lateral roots for N uptake up to 3.5om the trees. Willow high water use and N
uptake may have influenced lower leaching rat&ssm. However the lower NEN at 0.5 m

in soil samples and hence soil water could poss$iblgiue to both lower excretion near the trees
and/or higher uptake by willow. It is thereforefidifilt to conclude that lower leaching near
willow zone was due to high uptake as thesN\Dfrom the soil samples were low. With the
Nmin concentrations at 9.5 m in which 90% wassNNHand 79% of it being at top soil (0-25
cm), the low leaching at this distance was presutndé@ due to adsorption of M with soil

particles since the mineralization rate could tseginificant with very low temperatures.
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The last thing was to conclude whether the 18.5artdor willow rows would help reducing
the nutrient loss and also proposing the optimdeiter design. Firstly, the stocking density
for pigs in the current study which is 38 sows/Heere the willow and grassland estimated to
cover 35% and 66 % of the paddock, respectivelys Stocking density isn’t far from the
optimal density as suggested from other outdoalasuvhich was estimated to be between 20
and 30 by (Williams et al. 2000).

By using the results of this study and experienaenfa paddock design by Horsted et al. (2012),
we could suggest a type of paddock design thatmalkimize the potential N uptake by trees
in willow zone. This is since the aim of energygsas far as free-range pig system is concerned
is not only to improve animal welfare but also reglmutrient loss into environment. Perennial
crops could be used to separate feeders and hatway that will influence excretion near the
trees so as to take advantage of high nutrient@ddnthe crops have. The first possible design
may be to allocate troughs in one side of the tlwsecwillow and a hut on the other as seen in
figure 11 b below. The placement of huts and treuglong one side of willow row may also
be an alternative design with both suggested dedmgtving the same area as the current
paddocks. These two designs might increase thetexgractivities near willow zone which in
return reducing the excess load that might have beposited on the grassland. In addition to
improved paddock design, other management optioaiscould help reducing nutrient loss
including frequent reallocation of feeders and hagsthis reduce the enormous loss from
hotspot areas as well as improving grassland cdver last mentioned suggestions have been
also recommended by several studies with outdays without perennial crops which include
Salomoret al.,(2007), Stern and Andresen, (2000) and Erikead, (2002).

Figure 13 a: The current experiment paddock layonhere the single willow row was located at eachesat

the paddock. Note the black line between the willmws separates the paddock.

ﬁ I 12 metres

23 m
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Figure 13 b: The first proposed paddock design wklgy the two close willow rows separate the feedermne
side and huts in the other side of the paddock

W W

12 metres

24 m 24 m

Figure 13 c: The second proposed paddock designrettke feeders and huts will be allocated alonga
long willow row
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6.2. Perspectives

The complex interaction of different componentdree-range sows integrated with energy
crops might bring some concerns which some relkmedanagement while others are natural.
Firstly, some of the variations due to distancenges might not reflect the actuakiN
distribution for couples of reasons. For instanoe placement of huts in the experimental
paddock during autumn (early November) were natratorm distances from willow (see
figure 12. And since the lactating pigs in the paddockshwiillow are being rotated after
every 24 weeks, and this includes the frequeniaeation of huts and feeders within the
paddock, the one-time sampling could have a latnafertainties. The existing.iM with one-
time sampling could be due to previous accumul&tgd which suggests the importance of
having “before and after” study experiments. The ofreference points alone in the outdoor
experiments that involves one-time sampling couddvéver not overcome the effect of
accumulated Ninin the paddock which have been mineralized frompileeious herds. The
before and after experiments could be able to titaese variations at a particular investigation
time or season(s) fordwh and phosphorus plus the associated losses weélerefes being the

seasonality differences, stocking density or thewm of imported feed.

Secondly, the nutrients in both soil samples andveater were taken at barely a small soil
volume. In our study we understand that there edisiigh Nnin variations even at the same
distance within different measurement rows. This been prevailed from our sample results

for both soil water and soil samples. For instance;

For nitrate-N soil water: On 9" Jan 2015 sampling for 0.5 m from willow, the four
measurement rows had 43, 37, 15 and 2.2 mgN@itre even though the measurements was

done at the same day and at uniform distance frolovw

For Nmin in soil samplesThe NQ-N in the top soil (0-25 cm) at 4.5 m on the othand had
shown a high variations in the four measurementsrovith 28, 93, 11 and 13 Kg N/ha.
Therefore these variations are natural with thelooit grazing paddock and they should be
handled. Some of these variations may be minintizexigh management options as suggested
in the conclusion part which were frequent reallmreaof feeders and huts, rotation of pigs into
new paddock and consideration of appropriate pdddesign so maximize the benefits of

system’s components.
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Lastly, the existing complexity of willow, pigs apasture could be scientifically important to
be thoroughly investigated with variations dueltocation of feeders and huts and seasonality.
It is clear that pig’s activities and especiallycextory behaviour could not only be influenced
by the presence of shelter provided by willow, &isb varies with the location of the feeders
and huts like current experiment observed. The Ngh and phosphorus distribution in this
study was higher between the huts and feeders Wiale were less close the willow and this
has been prevailed in both phosphorusi, Bind the N@-N in the soil water. One of the two
major reasons was the estimated high water angutake by the well-established willow
particularly during the summer. But the other re@ag@s the high pig activities close feeders
and huts which were closer compared to the distlooe the feeders to the willow. In order
to establish clear-cut relationship whether it's thfluence of high N uptake by willow or less
excretory activities close to the willow it is tleéore important to conduct both the analysis for

excretory big behaviour and N & P uptake by thespeial crops.
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7.2. Appendices

Appendix 1:A table showing variations in depth of ceramictguccups with the average

depth for all the cups being 1.45 metres from thikessirface

Suction cup Row 1 Row 2 Row 3 Row 4
number

1 1.35 1.40 1.42 1.42

2 1.43 1.43 1.45 1.46

3 15 15 1.46 XX

4 14 1.55 1.55 1.49

5 15 1.43 1.45 1.37

NB: XX indicates a defective suction cup

Appendix 2 A typical diagram of suction cup showing its gaments and the control chamber

(below-left) and the actual suction cups used meaRkperiment (below-right) where the tubes

were insulated and were of different length. Inreaeasurement row, the length of the tubes
varied from 4.5, 6.5, 10.5, 12.5 and 15.5 metrasthrs was due to differences in distances of

each suction cup to the vacuum control chamber

and wentlaon
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Appendix 3:A vacuum control chamber as seen after samplingvacdum control tubes of
five suction cups in one measurement row are ajreathnected

Appendix 4:The Laboratory set up for Spectrophotometry wittoAnalyser machine in (a),

the sampler in (b) and spectrophotometer in picia)e

(a) (b) ()
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Appendix 5:The average nitrate-N concentrations in soil wdterall suction cups as

measured from"7November 2014 td"™BMarch 2015. Note the missing values at suction cup

number 3 which was defected during installation

Suction
cup
number

O 0O NGO UL WN =

N R R RRRRRRRB@&B
©O WO NO UL AWNIRO

Distance
from
willow
(m)
0,5
2,5
4,5
6,5
9,5
0,5
2,5
4,5
6,5
9,5
0,5
2,5
4,5
6,5
9,5
0,5
2,5
4,5
6,5
9,5

7th
Nov

15
8.6

18
2.6
6.9
8.1

28
4.5

12
5.3

23

99

42

15

15

11
1.3

31

24

21st
Nov

16
9.4

12
8.1
8.0

11

17
7.3

12
4.4

22

96

29

13

13

15
7.1

46

21

Nitrate-N Concentration (Mg NO3-N /Litre)

4th
Dec

12
11

15
6.4
6.8

11

27
7.8

14
6.0

24

110

40

22
6.0
9.9

11

53

21

77

18th
Dec

2.2
11

18
8
8.4
3
50
3.7
14
7.4
41
81
45
6.5
4.8
3.9
39
57
15

9th
Jan

43
14

17
9.2
37
14
10
7.2
14
15
74
48
25
6.2
2.2
7.5
9.9
84
22

19th
jan

40
12

37
11
21
26
9.0
9.7
15
11
71
17
51
12
2.7
8.6
9.1
78
29

28th 19th

jan Feb

31 12
11 8.9
13 6.2
12 12
22 25
32 28
13 14
8.6 6.0
16 17
8.0 12
29 54
27 39
25 3.1
8.6 3.2
4.8 6.1
5.3 10
10 13
71 39
31 32

5th
March

12
13

12
10
18
15
16
10
17
5.6
52
43
6.9
18
5.7
11
16
55
24



Appendix 6:Conversion of soil mineral N and phosphorus conegiains from mg/Kg of soil
into Kg/ha

The formula used in the conversion was as usetibgi{ Company, 1992) whereby;

Nutrient distribution in Kg/ha = Concentration (rdg/ of TS) x Bulk Density (g/c) x Soil
Thickness (m) x (0.000001 kg/1 mg) x (1,000,00G/ct?) x (0.001 kg/1 g) x (10,000 3h
1lha). Considering the bulk density was not analyizewh the soil samples, 1.55, 1.5 and 1.5
g/cn? for 0-25, 25-50 and 50-100 cm were assumed wighiéferences being a typical Danish
loamy sandy soil. For example, when convertingntONGs-N/ Kg of topsoil (0-25 cm) using
the above formula, the calculation was 10 mg/ Kig56 g/cm3 x 0.25 m x 10 = 39 kg N/ha.

Appendix 7:The distribution of mineral N and phosphorus frdma 60 sampled soils for all
the four measurement rows with the variations duaepth and distances expressed in both
mg/ Kg TS and Kg /ha

Measurement Distance | Soil Nitrate-N Nitrate- =~ Ammonium = Ammonium-  Mineral Phosphorus = Phosphorus
Row number = from Depth N N (Kg N Kg/ha (Kg P/ha)
willow (cm) (Mg N /kg (Mg N/kg /ha) (Mg P/kg
(m) TS) (Kg/ha) | TS) TS)
1 0.5 0-25 2.07 7.76 4.53 16.99 24.75 6.6 24.83
1 0.5 25-50 1.52 5.69 1.52 5.69 11.37 3.1 11.64
1 0.5 50-100 0.86 3.21 0.34 1.27 4.48 0.3 1.20
1 25| 0-25 4.79 17.98 7.28 27.3 45.29 6.9 25.78
1 25| 2550 2.12 7.94 0.52 1.94 9.88 1.8 6.79
1 25| 50-100 1.92 7.19 0.19 0.70 7.39 0.3 1.09
1 45| 0-25 7.39 27.72 3.80 14.25 41.97 6.8 25.56
1 45| 25-50 20.12 75.45 0.92 3.45 78.90 2.3 8.48
1 45| 50-100 22.80 85.51 0.23 0.87 86.38 0.5 1.83
1 6.5 0-25 0.38 1.44 24.02 90.08 91.52 8.3 31.20
1 6.5 25-50 0.43 1.61 7.17 26.89 28.50 6.1 22.82
1 6.5 50-100 7.76 29.09 1.03 3.87 32.96 2.5 9.22
1 95 0-25 0.00 0.00 32.17 120.65 120.65 5.4 20.29
1 9.5 25-50 0.16 0.58 6.60 24.73 25.31 8.4 31.47
1 9.5 50-100 1.01 3.78 0.60 2.23 6.02 0.5 1.83
2 0.5 0-25 2.11 7.91 4.71 17.65 25.56 6.7 25.25
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