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Strategic Use of Straw at Farrowing. Effects on Behaviour, Health 
and Production in Sows and Piglets 

Abstract 
According to EU-regulations, sows should be provided with suitable manipulable 
material, this in order to meet their behavioural needs. “Strategic use of straw at 
farrowing” means that loose housed sows are provided with 15-20 kg of chopped straw 
once at 2 days prior to the calculated date of farrowing. This gives them increased 
access to nesting material and creates a more suitable environment with an improved 
micro-climate and increased comfort during farrowing and early lactation, compared to 
a limited use of straw. After farrowing, the straw is left to gradually drain through the 
slatted floor and is then replaced by a daily supply of 0.5–1 kg straw in accordance with 
common Swedish management routines. The overall aim of this thesis was to evaluate 
if strategic use of straw at farrowing is technically feasible and to investigate its effect 
on behaviour, health and production in farrowing sows and suckling piglets by studying 
the sow’s nest-building behaviour and farrowing duration, the prevalence of bruising, 
piglet weight gain and pre-weaning mortality.   

Two studies were conducted in six conventional piglet-producing farms in South-
West Sweden. Study I shows that it is technically possible to achieve an efficient 
throughput of straw and to maintain good pen hygiene in partly slatted farrowing pens 
for loose housed sows. However, straw chop lengths need to be adjusted to the type and 
design of the slatted pen floor. Study II shows that strategic use of straw made sows 
spend more time nest-building pre-partum and less time during the first hour after birth 
of the first piglet, compared to limited straw access. The sows also gave birth to fewer 
stillborn piglets. In piglets, strategic use of straw reduced the development of skin 
abrasions and soft heel/sole erosions. It also increased the average daily weight gain 
and mean body weight at weaning. Under the conditions studied, the overall pre-
weaning mortality was not affected; however, the distribution of post-mortem findings 
differed, with fewer piglets dying due to starvation and more due to crushing. 

In summary, this thesis provides knowledge about housing around farrowing and its 
interaction with biological and behavioural mechanisms of importance for sow welfare 
and piglet survival and health.    

Keywords: pig housing, nest-building, farrowing sow, bruising, lameness, piglet 
mortality, loose housing, piglet weight gain, bedding material  
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Dedication 
To all the pigs out there… 

Swinet har sitt nöye uti dynge pölen.  
Peter Hernquist (1726–1808) 
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1 Introduction 
Once upon a time, the wild boar (Sus scrofa) walked the land of our ancestors. 
Originating from South-East Asia, it spread and ultimately colonised the whole 
Eurasia and North Africa (Scandura et al., 2011). As the wild boar conquered 
the world, so did mankind and wild pigs became important prey animals for 
early hunter-gatherers. Then, about 9000 years ago, man and wild boar found 
mutual interests in peaceful coexistence and in multiple places the first pigs 
were domesticated (Larson et al., 2005). Archaeological findings from 
Northern Europe suggest that, in this region, pigs were domesticated some 500 
years before the first reliable evidence of domestic cattle, sheep and goats 
(Krause-Kyora et al., 2013). Man and pig share a long history together.     

1.1 Domestication and nest-building behaviour 

In early domestication, pigs were allowed to roam freely in the woodlands 
surrounding human settlements. The Romans are known to have trained their 
pigs with food to return to the sound of a swineherd’s horn, but they also kept 
pigs confined in sties (D’Eath & Turner, 2009). As more and more land was 
cultivated during the Middle Ages, pigs were increasingly confined in order to 
prevent them from damaging the crops. During the 18th century, the practice of 
indoor housing of pigs began and over the centuries the housing system has 
changed completely from free roaming into total confinement in many 
countries. With few exceptions, use of farrowing crates is today common 
practice worldwide (Barnett et al., 2001).  
 
The behaviour of the pig has however not changed. Domesticated pigs are still 
equipped with competent behaviour to adapt and survive in the wild and on 
numerous locations successful feral populations have established (D’Eath & 
Turner, 2009). Behavioural studies of domestic sows and crosses between wild 
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boar and domestic sows reveal that nest-building and maternal behaviour 
characteristics have not been substantially modified by domestication (Špinka 
et al., 2000; Gustafsson et al., 1999). Under free-range conditions, 
domesticated sows build completely functional nests in the same way as their 
ancestors (described by Stolba & Wood-Gush, 1989; Jensen, 1986). First the 
sow seeks out a suitable nest site, away from the flock. Then she starts building 
her nest by digging a shallow hole in the ground. Next, grass and branches are 
collected in the mouth and carried to the hole where the gathered material is 
arranged into a nest. When completed, the sow lies down in the nest and awaits 
the arrival of the first piglet. Kept in pens, the same behavioural pattern is 
expressed (Jensen, 1993) (Fig. 1). In barren environment with no nesting 
material present, the behaviour is redirected to the bare floor (Jarvis et al., 
2002). Based on such research the EU Council Directive 2008/120/EC states 
that “in the week before the expected farrowing time sows and gilts must be 
given suitable nesting material in sufficient quantity…”. Yet, only a few 
farmers accomplish this. 
 

 
Figure 1. A sow collecting straw to her farrowing nest in a farrowing pen for loose housed sows. 
(Photo: Rebecka Westin)  
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1.2 Nest-building and piglet survival  

In nature, building of a proper nest is completely necessary in order for the 
offspring to survive. The piglet’s ability to conserve heat at birth is very 
limited because the hair coat is sparse; it has very little subcutaneous fat and is 
wet with foetal fluids. Further, its thermoregulatory ability is not fully 
developed (Herpin et al., 2002). Without protection, the chance of survival is 
small, especially in cold and wet weather. In semi-natural conditions, 
farrowing nests of straw built by free-ranging domestic sows have been shown 
to withstand rather severe cold (Algers & Jensen, 1990). Although farrowing 
nowadays takes place indoors, the sudden decrease in ambient temperature at 
birth results in a rapid fall in body temperature, usually by about 2ºC within 20 
minutes (Malmkvist et al., 2006; Newland et al., 1952). Then body 
temperature gradually rises to a value of 39°C, normally within 48 h. The 
extent of the drop and length of the recovery period are however highly 
variable depending on several factors such as environmental temperature, birth 
weight, hypoxia and ingestion of colostrum (reviewed by Herpin et al., 2002). 
Cold stress at birth reduces the vigour of the piglet, thereby predisposes it to 
crushing by the sow and makes it less competitive towards its littermates 
during nursing, resulting in reduced ingestion of colostrum (Herpin et al., 
2002).  
 
The pig’s reproductive strategy is to produce a large number of offspring. Pre-
weaning mortality rates vary between 12 and 25% and even though there have 
been technological changes and improvements of husbandry, housing designs 
and preventive measures, piglet mortality remains a major economic and 
welfare problem (Alonso-Spilsbury et al., 2007). Commercial strategies have 
often focused on modifying the farrowing environment to affect sow behaviour 
and increase human intervention (Edwards, 2002), but higher numbers of 
piglets weaned are still being achieved by increasing prolificacy rather than 
reducing mortality (Kirkden et al., 2013). The majority of deaths occur within 
3 days after birth (Marchant et al., 2000; Dyck & Swierstra, 1987) and 
starvation and crushing by the sow are reported as the most common ultimate 
causes of death in live-born piglets (reviewed by: Alonso-Spilsbury et al., 
2007; Edwards, 2002; Herpin et al., 2002). However, underlying causes 
reducing viability such as hypothermia described earlier, or hypoxia as a result 
of asphyxia during delivery have a major influence on the chain of events 
leading to death. As proposed by Baxter et al. (2008), the key survival 
characteristics for a newborn piglet is to get to the udder, show vitality and 
vigour at acquiring and maintaining a functional teat and thus ingest vital 
colostrum to aid energy needs, preserve homeothermy and ultimately survive.  
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Unlike other mammals giving birth to large litters, piglets are born in a highly 
precocious state (Fraser, 1980) where each piglet immediately is able to walk, 
suckle and interact with its environment and littermates. Still, good maternal 
care is crucial for piglet survival. Examples of such behaviour traits are 
responsiveness towards signals from the offspring and the nursing behaviour 
(reviewed by Grandinson, 2005). Also in confinement, maternal abilities are 
important. In a study of loose housed sows, Andersen et al.(2005) found that 
sows that did not crush any of their piglets within the first 4 days after 
farrowing showed a more protective mothering style compared to sows that 
crushed two or more piglets. These sows responded sooner on piglet distress 
calls and nosed more on the piglets during posture change. They also 
performed more nest-building activity from 8 to 6 h before onset of farrowing. 
A possible association between increased nest-building and increased maternal 
abilities has also been proposed by Yun et al. (2013) who found higher 
carefulness scores in loose housed sows provided with abundant nesting 
material compared to loose housed and crated sows without access to nesting 
material. At the same time there are studies with lacking evidence for a clear 
association between nest-building and reduced mortality (Damm et al., 2005; 
Cronin & Smith, 1992; Edwards & Furniss, 1988). Damm et al. (2005) were 
not able to demonstrate an effect of 2.5 kg long-stemmed straw as an additional 
nesting material on the rate of crushing in loose housed sows on a commercial 
farm, but conclude that this could be because too little or too few materials 
were provided. The authors also emphasise the need for further studies of the 
amounts and types of nest materials that should be given in order to fulfil the 
intention of the EU requirement for nesting materials to periparturient sows. 
Such studies are still needed.  

1.3 Strategic use of straw at farrowing 

Handwritten notes by Peter Hernquist (1726–1808), the first Swedish 
veterinarian, mention the provision of straw to pigs to be important for 
improvement of pen hygiene (Hernquist, 1790). Today, use of perforated or 
slatted floors with liquid slurry systems are recommended instead (Baxter, 
1984), and as a consequence, use of straw is limited within intensive pig 
production. In addition to hygiene, floor properties are important for the health 
of the animals, especially newborn piglets. Piglets born on slatted floor are at 
higher risk of suffering from prolonged hypothermia. In a study of loose-
housed sows in partly slatted farrowing pens, 11% of the pigs were born on the 
slatted floor area. These had a greater decrease in rectal temperature during the 
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first 30 min post-partum compared to piglets born on the heated solid concrete 
floor (Pedersen et al., 2013). At the same time, rough floors such as solid 
concrete can easily cause traumatic injuries on claws and limbs during suckling 
shortly after birth (Mouttotou & Green, 1999; Penny et al., 1971). 
 
In Sweden, with few exceptions the floor of most farrowing pens consists of 
≥50% solid concrete. Bruising of claws and limbs are therefore a serious 
problem in many piglet-producing herds and a common cause of lameness in 
young piglets. In a survey conducted by Holmgren et al. (2008), more than 
50% of 5408 examined piglets in 20 herds had carpal joint skin abrasions and 
10% had been medically treated for lameness within 10 days of age. Similar 
high numbers of injured piglets have been reported in the UK by Mouttotou et 
al. (1999) and KilBride et al. (2009). As a result of the survey (Holmgren et 
al., 2008), Holmgren developed a method for a strategic use of large quantities 
of straw at farrowing together with a few of the participating farmers. The goal 
was to provide a soft bedding on the whole floor area at farrowing, in order to 
protect the skin and claws of the newborn piglets. In these herds, they started to 
supply their sows with 15–20 kg of chopped straw once at 2 days prior to the 
calculated date of farrowing. The straw was left to gradually drain through the 
slatted floor and was then replaced by a daily supply of 0.5–1 kg straw in 
accordance with common Swedish management routines. The farmers soon 
reported that the number of medical treatments of lame piglets was 
substantially reduced but also that piglet weight gain increased and that the 
sows seemed calmer and more content (Fig. 2). Was this a result of the 
increased accesses to nest-building material? 

 
Figure 2. A sow and her newborn piglets in a farrowing pen where strategic use of straw is 
applied. (Photo: Rebecka Westin) 
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2 Hypotheses 
Strategic use of  straw (15–20 kg given once, 2 days before calculated date of 
farrowing), as compared to  limited amounts (0.5–1 kg daily) will trigger the 
sow to start nest-building earlier and to perform more nest-building before 
farrowing. The large amount of nest-building material will satisfy her 
behavioural needs and therefore she completes her nest before the onset of 
parturition, as a result less nest-building will be observed after birth of the first 
piglet. Her contentedness will make her less stressed during farrowing resulting 
in a shorter duration of parturition, hence fewer stillborn piglets. It will also 
have a positive influence on milk production and trigger the sow to express 
more maternal behaviour after farrowing. This will in turn reduce piglet 
mortality due to starvation and crushing.  
 
The soft bedding during farrowing and the first day of lactation resulting from 
strategic use of large quantities of straw will increase comfort and therefore 
prevent piglets from bruising their claws and limbs, and the sow from 
developing shoulder lesions. The bedding will also provide a suitable micro-
climate for the piglets and will reduce the risk of prolonged hypothermia, 
weakness and starvation.  
 
Strategic use of large quantities of straw is technically feasible in both plastic 
slatted pens and cast iron slatted pens.   
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3 Aims 
The overall aim of this thesis is to evaluate if strategic use of straw at 
farrowing is technically feasible and to investigate its effect on behaviour, 
health and production in farrowing sows and suckling piglets.   

 
The specific aims are to study the ability of slatted flooring to drain straw of 
different shop lengths i.e. throughput capacity, and the effects of strategic use 
of straw on: 
 the intensity and timing of nest-building behaviour and the duration of 

farrowing;  
 the number of stillborn piglets;  
 the prevalence of piglet limb skin abrasions and soft heel/sole erosions at 5 

days of age; 
 the daily weight gain during the first 5 days of life, and on body weight at 

weaning;  
 the post-mortem findings in piglets dying within 5 days after birth and the 

overall pre-weaning mortality;  
 the prevalence of sow shoulder lesions at weaning.  

 

  

17 



 
 

 

  

18 



4 Material and Methods 
This is an overview of the materials and methods used in the two field studies 
included in this thesis. Full descriptions of each study are found in Papers I‒IV.    

4.1 Study I (Paper I) 

4.1.1 Straw inventory 

Thirty-four piglet-producing farmers were interviewed about what type of 
straw they used in their herds and their routines for chopping and collecting 
straw at harvest (type of cereal, type of baler, distances between cutter knives 
in baler, chopping conducted after harvest, etc.). In case the farmer did not 
perform baling him/herself, contact was made with the company or person in 
charge of the baling. Farmers were selected from the Swedish Animal Health 
Service farm record based on the following criteria: (a) slurry system based on 
liquid manure; (b) situated within 150 km from the university campus in Skara; 
(c) farmer willing to participate.  

 
Based on the interviews, three groups with different handling methods of straw 
during harvest were identified (long distance between knives in baler (4–8 cm); 
short distance between knives in baler (2–3 cm); chopping conducted with 
silage harvester or stationary chopper). Three samples of wheat straw within 
each group were collected from 9 of the original 34 farms. All samples were 
harvested during the same season. Assessment of chop length distribution was 
then performed at the Swedish Institute of Agricultural and Environmental 
Engineering in Uppsala, Sweden. This was achieved with a special instrument 
built in accordance with specifications from the Silsoe Research Institute, UK 
(Gale & O'Dogherty, 1982). With this instrument the chopped straw sample 
was divided into eight different fractions according to length (<4.5, 4.5–8, 8–
12, 12–20, 20–33, 33–54, 54–90, >90 mm). Particles with a chop length 
exceeding 150 mm were sorted manually into two additional fractions (150–
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250, 250–400 mm). Each fraction was weighed and the Mass Median Length 
(MML) of each sample was calculated, denoting the chop length which divided 
the sample in two equally heavy parts, one with particles shorter than the MML 
and the other with particles longer than the MML. Three straw qualities with 
MMLs of 130 mm (long), 70 mm (medium) and 39 mm (short) were selected 
for further use in the field trial that followed.  

4.1.2 Animals and housing 

The field trial (Study I) was carried out as a controlled trial on two Swedish 
commercial piglet-producing farms with different flooring in 2007, using 45 
and 51 Swedish Landrace x Yorkshire crossbreed sows on farm A and B, 
respectively. All sows were loose housed in partly slatted farrowing pens. On 
farm A the slatted floor consisted of a plastic material with 31% of drainage 
openings (slat width 15 mm, opening width 10 mm, opening lengths 36 and 84 
mm). Farm B had a slatted floor of cast iron with 46% of drainage openings 
(slat width 11 mm, opening width 11 mm and opening length 200 mm). Solid 
concrete flooring covered approximately 50% (3.0 m2) of the total pen floor 
area on both farms. 

4.1.3 Treatments 

On each farm, sows were divided into three treatment groups, balanced with 
respect to parity (15 sows/group on farm A and 17 sows/group on farm B). All 
sows were provided with 15 kg of chopped wheat straw for nest-building from 
one of the three selected straw qualities (long, medium and short). For each 
sow, the straw was provided 2 days prior to the calculated date of farrowing. 
No more straw was given until day 4 after the actual day of farrowing (day 0). 
For unknown reasons, one bale of short straw had not been cut properly during 
baling. Eight pens on farm B provided with straw from this particular bale 
were therefore excluded from the study. 

4.1.4 Throughput capacity of straw 

Floor throughput capacity and hygiene were assessed from the day straw was 
provided in the pen until day 4 after farrowing. For assessment of throughput 
capacity, the stockpersons visually estimated the total floor area covered with 
straw in the sow’s available free space (range 0–4.5 m2 of totally 6 m2). 
However, on farm B only the slatted part of the floor area was monitored 
(range 0–3.0 m2), not the total floor area available as intended. Pen hygiene 
was assessed by visual scoring of the sow’s solid floor area (1.5 m2) and scored 
on a 4-level scale: (0: whole solid floor area clean and dry; 1: one-third of the 
solid floor area dirty and/ or wet; 2: two-thirds of the solid floor area dirty 
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and/or wet; 3: whole solid floor area dirty and/or wet). After the assessment on 
day 4 after farrowing, all straw bedding remaining was taken out manually and 
weighed on a scale. 

4.2 Study II (Paper II – IV) 

4.2.1 Farms, housing and management 

Study II was carried out on four commercial piglet-producing farms (A–D) in 
2009. The farms were selected based on the following criteria: (a) farm situated 
within 50 km from the university campus in Skara; (b) liquid manure system 
capable of managing large quantities of straw; (c) piglet production based on 
batch-wise farrowing with at least 30 sows farrowing in the same batch; (d) all 
sows kept loose housed during farrowing and lactation; (e) the farmer and 
stockpersons willing to participate in the study. An overview of housing 
conditions and number of animals used on participating farms is shown in 
Table 1. In the farrowing units, all sows were loose housed in partly slatted 
farrowing pens (Fig. 3 and 4). Solid concrete flooring covered 50% of the total 
pen area. Feeding and management were in accordance with the farms’ regular 
routines. Male piglets were castrated within 7 days of age. Tail docking was 
not performed. The stockpersons were allowed to apply cross-fostering of 
piglets between litters within the same treatment group. All cross-fostered 
piglets were individually marked by making a small cut in one ear. All piglets 
were offered commercial piglet creep feed without antibiotics. Piglets were 
weaned at an average age of 5 weeks in accordance with current Swedish 
management practices. 

Table 1. Overview of animals and housing conditions on participating farms in Study II. 

 Farm A Farm B Farm C Farm D 

Breeds of sows1 L x Y L x Y L L x Y 
No. of sows in herd 600 540 266 594 
No. of sows entering study 67 56 54 68 
No. of litters entering study 103 90 74 96 
No. of piglets entering study 1328 1149 857 1240 
Size of farrowing pen  6.4 m2    6.2 m2   6.0 m2   6.2 m2  
Available space for the sow 4.6 m2  4.5 m2 4.9 m2 4.6 m2 

Type of solid floor Concrete Concrete Concrete Concrete 
Type of slatted floor Cast iron  Cast iron  Plastic Cast iron  
Slat width 11mm 15 mm 18 mm 11mm 
Width and length of openings 11x200 mm 10x200 mm 11x95 mm 10x200 mm 
1 L=Swedish Landrace; Y=Yorkshire 
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Figure 3. Overview of the types of farrowing pens used in farms A-D in study II when strategic 
use of straw at farrowing was applied (STRAW-treatment). (Photo: Rebecka Westin).  

 
Figure 4. Overview of the types of farrowing pens used in farms A-D in study II when limited 
amounts of straw were used (CONTROL-treatment). (Photo: Rebecka Westin) 
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4.2.2 Studied animals 

Before the sows entered the farrowing unit during the first study period, the 
researchers assigned pens to treatments; every second pen was decided to 
receive a large amount of straw (STRAW-treatment) while the adjacent pens 
were controls receiving limited amounts (CONTROL-treatment). The farmer 
was then asked to distribute the sows across pens, without knowledge about 
pen assignment. Therefore treatment was randomised and in each farrowing 
unit the sows were equally distributed between treatments. Each batch of sows 
was studied during two consecutive lactations, during the spring (farrowing 
between March 10 and June 6) and autumn (farrowing between August 10 and 
November 3). One hundred and twenty sows remaining in the batches during 
the second lactation switched treatment group. In total, 181 litters with access 
to large amounts of straw at birth (STRAW) and 182 litters with small amounts 
of straw (CONTROL) entered the study. Nest-building behaviour and 
farrowing duration was observed in 138 of these. At weaning, 177 STRAW 
and 173 CONTROL litters remained.  

4.2.3 Provision of straw 

In treatment STRAW, sows were provided with 15–20 kg of chopped wheat 
straw 2 days prior to their expected farrowing date (day -2; Fig. 5). The aim 
was to keep the floor of the pens, including the piglet corner, completely 
covered with straw bedding until at least one day after farrowing. If the straw 
drained too quickly through the slatted floor, making more than a third of the 
solid or slatted flooring visible before farrowing, the farmers were instructed to 
provide additional straw to cover the visible areas. Otherwise no additional 
straw was provided until 5 days after farrowing (day +5; Fig. 5). The 
stockpersons trimmed the bedding if needed. For instance, if a sow had pushed 
large amounts of straw into the piglet corner or the feed trough, the 
stockperson entered the pen and spread out the straw with a manure scraper. If 
any straw remained in the pen on day 5 the pen was cleaned by removing the 
remaining straw bedding manually. From this day onwards the pen was 
cleaned and 0.5–1 kg of chopped straw was given daily according to the farms’ 
regular management practices. In treatment CONTROL, sows received 0.5–1 
kg chopped straw on a daily basis, plus about 2 kg extra to be used for nest-
building when the stockperson judged the sow to be about to farrow (Fig. 5). 
Straw was also put in the piglet corner. At the onset of farrowing, the 
stockpersons put additionally 1–2 kg of chopped straw behind the sow and 
around the piglets for extra comfort according to the farms’ regular 
management routines. 
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Figure 5. Timeline of straw supply before expected farrowing (indicated by X) and after 
farrowing had occurred in treatments STRAW and CONTROL.  

4.2.4 Recordings 

Sows 
When entering the farrowing unit, back-fat thickness was measured using 
ultrasound equipment (Krautkramer USM 22). On the same occasion, presence 
of shoulder lesions was visually scored on a 5-level scale proposed by Jensen 
(2009), (0: no lesion; 1: lesion limited to the epidermis, sometimes covered by 
a scab; 2: lesion including dermis, sometimes covered by a scab and usually a 
small amount of granulation tissue or fibrosis bordering the lesion; 3: lesion 
including the subcutaneous tissue, accompanied by a heavy surrounding 
formation of granulation tissue or fibrosis; 4: lesion with exposed bone (tuber 
spina scapula), accompanied by a heavy proliferation of new osseous tissue). 
Scoring of lesions and back-fat measurement were repeated at weaning, 
approximately 5 weeks after farrowing. The rectal body temperature of each 
sow was measured on day 1 and day 2. Body temperature was later categorised 
as a binary variable (0: <39.5°C on both occasions; 1: ≥39.5°C on day 1 and/or 
2).  

 
Sow behaviour was recorded from the day sows entered the farrowing unit 
until parturition was completed using continuous time-lapse video recording (1 
frame/second) in the digital MSH Video Server 4.5 software (M. Shafro & Co, 
Riga, Latvia). In total, 159 farrowings were recorded but 21 recordings were 
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excluded due to too poor image quality, leaving 138 recordings for behavioural 
observation. Continuous observation of nest-building behaviour started 18 h 
pre-partum and ended 1 h after birth of the first piglet (Paper III). For each sow 
(n=138), the sum of time spent nest-building was calculated by hour (including 
the first hour post-partum), and for the whole pre-partum period. In addition, 
the point in time where the sow had performed 50% of her nest-building pre-
partum was calculated. In addition, the time of birth of each piglet was 
recorded and the total duration of farrowing and the mean piglet birth interval 
was calculated.  

Piglets  
For each litter, sow identity, parity, expected farrowing date, actual farrowing 
date, number of piglets born alive, number of stillbirths, and number of piglets 
cross-fostered were recorded. Live piglets (n=4574 in 363 litters) were 
individually weighed within 36 h of birth (day 0 or 1), on day 3–7 and again at 
weaning (n=3604 in 339 litters) (Paper II and IV). Clinical examinations of all 
piglet limbs, feet and teats were also performed on day 3–7 (Fig 6). Presence 
and anatomic locations of lesions were scored on binary scales (Table 2, Paper 
II). The number of medical treatments was retrieved from the farm record.  

 
Figure 6. Traumatic injuries on forelimb, soft heels and teats in a 5 days old piglet. (Photo: 
Rebecka Westin) 

All live-born piglets that died within 5 days after birth were collected and 
transported to the Eurofins laboratory in Skara for post-mortem examination 
(n=798) (Fig. 7). All post-mortem examinations were performed by one of two 
pathologists to whom the history of the individual piglet was unknown. 
Diagnoses were based on macroscopic lesions only and piglets were assigned 
to one of the four primary diagnoses; starvation, crushing, enteritis and 
miscellaneous. The diagnose starvation was assigned if the piglet was 
emaciated and/or if the stomach and intestines were empty. Crushing was 
diagnosed if internal or external lacerations with bleedings were present.  
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Figure 7. Post-mortem examination was performed on 798 piglets dying within 5 days after birth. 
(Photo: Rebecka Westin) 

Diagnosis of enteritis included flaccid and dilated small intestine, congested 
mesentery vessels and/or fluid content of the large intestine. Piglets with other 
findings (congenital deformation, sepsis, pneumonia etc.) or with no specific 
lesions were assigned miscellaneous. If a piglet was both starved and crushed, 
starvation was regarded as predisposing for crushing and the piglet was 
assigned starvation as primary diagnose. 

4.3 Statistical analysis 

All statistical analyses were performed using the Stata/IC 11.2 software 
(StatCorp, College Station, TX, USA).  

 
In study I (Paper I), sample sizes were small and thus non-parametric tests 
were used. Medians of daily records of floor area covered with straw and pen 
hygiene score during each day of observation were analysed as well as the 
amount of straw remaining at day 4. At first, overall comparison of the three 
straw qualities was conducted, using the Kruskal˗Wallis analysis of variance. 
In a second step, pairwise comparisons were performed where overall 
statistical significance was found (p<0.05), using the Mann˗Whitney U˗test for 
comparison of independent groups. Analyses were conducted separately for 
each type of slatted floor. 
 
In study II, linear regression models were used to study the effect of strategic 
use of straw on average daily weight gain (ADG) at 5 days of age and body 
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weight at weaning (Paper II), and on nest-building behaviour and farrowing 
duration (Paper III). Negative binomial regression models were used to study 
the number of piglets diagnosed with skin abrasions on their limbs, and with 
soft heel or sole erosions on their claws (Paper II). To analyse the number of 
stillbirths, starved and crushed piglets per litter until day 5 as well as the pre-
weaning mortality, Poisson regression models were used (Paper IV).  

 
Even though different multivariable models were used, model building 
strategies were quite similar. Initially, empty models were tested to estimate 
the random effect of sow since a large part of the sows had records from two 
litters included in the data. If found significant (p<0.05), the random effect was 
forced into the model. ADG was measured on the piglet level so in the ADG 
model, the random effect of litter was also tested (Paper II). Potential risk 
factors were then screened in univariable analyses. Only variables with p≤0.25 
were considered eligible for further modelling. Multivariable models were 
constructed using manual backward stepwise elimination and keeping variables 
with p≤0.05 in the model. Finally, previously excluded variables were forced 
into the model again and retained if p ≤0.05 or if they were judged to confound 
the treatment effect (changed its estimate by >15%). Biologically plausible 
one-way interactions were tested when they were deemed relevant. The fit of 
the models was evaluated using different approaches depending on model type, 
including visual inspection of plotted residuals and examination of outliers. 
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5 Results 
The most important results are summarized in the following section. More 
details can be found in each paper. Results regarding the “straw inventory” in 
study I and “sow shoulder lesions” and “medical treatments of piglets” in study 
II are not included in any of the four papers attached.  

5.1 Study I 

5.1.1 Straw inventory  

The majority of interviewed farmers chopped their straw (91%, 31 of 34 
farmers). This was mostly done during harvest by the baler or with a silage 
harvester (53%, 18 farmers). Thirteen farmers (38%) chopped their straw after 
harvesting with a stationary straw chopper on the farm. The remaining three 
farmers did not cut the straw.  

Table 2. Types of baler/chopping methods used in wheat straw samples from 9 selected farms.   

Sample no. Type of baler/chopping method Distances between 
cutter knives in 
baler, cm 

Mass median 
length1, mm 

1 Claas quadrant 2200 7-8 130 
2 Claas quadrant 2200 6 102 
3 Large square baler 4 64 
4 Claas quadrant 2200 3 70 
5 New Holland BB 950 3 80 
6 Claas quadrant "Fine cut" 2 39 
7 Chopped on field with silage harvester - 32 
8 Chopped in stationary straw chopper - 41 
9 Chopped in stationary straw chopper - 71 
1 Half of the sample mass amounts to particles shorter/longer than the mass median length. 
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Wheat was the most frequently used cereal for straw production (76%) 
followed by oats and barley. Rye was only used by one farmer. The distances 
between the cutter knives in the balers used varied between 2 and 8 cm.  

 
The MML:s of the 9 collected straw samples varied between 32 mm and 130 
mm (Table 2). In seven samples, straw of all ten assessed chop length fractions 
were present (Fig. 8). The highest MML was found in the sample from the 
farm using the widest distance between the cutter knives in the baler (sample 1, 
Table 2). The shortest MML was found in straw chopped on field with a silage 
harvester (sample 7, Table 2). Straw from the same batch as sample number 1, 
4 and 6 were chosen to represent the three straw qualities long (MML 130 
mm), medium (MML 70 mm) and short (MML 39 mm) in the field trial. 

 
Figure 8. Chop length distribution in 9 samples of chopped wheat straw. The horizontal line 
inside the boxes represents the mass median length.  
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5.1.2 Throughput capacity of straw (Paper I) 

The floor area covered with straw decreased with time for all straw qualities in 
both plastic slatted pens (farm A) and cast iron slatted pens (farm B) (Fig. 5 
and 6, Paper I). A slower throughput of straw before farrowing was noticed in 
plastic slatted pens (Fig. 7, Paper I) but also in cast iron pens when long straw 
was used (Fig. 8, Paper I).  

 
A larger amount of long straw remained on day 4 in pens with plastic slats 
(median 9 kg; range 0–19 kg) and in pens with cast iron slats (median 3 kg; 
range 0–16 kg) compared to 0 kg of short and medium straw. The difference 
was statistically significant on both farms (p<0.001; Table II, Paper I). 

 
The pen hygiene was in general very good in pens with cast iron slats for all 
straw qualities during the whole study period (Table IV, Paper I). On day 4, 37 
of 43 cast iron pens (86%) were completely dry and clean on the solid floor 
(score 0). However, in plastic slatted pens provided with bedding of the longest 
straw, hygiene deteriorated over time with increasing hygiene scores (Table 
IV, Paper I). On day 4 after farrowing, 10 of 15 plastic slatted pens with long 
straw (67%) received score 2 or 3. 

5.2 Study II 

5.2.1 Sow behaviour and health 

Nest-building behaviour (Paper III) 
Nest-building gradually increased over time and in most sows peaked around 7 
to 4 h before birth of the first piglet (Fig. 9). STRAW sows performed 19% 
more nest-building than CONTROL sows during 18 hours before birth of the 
first piglet (p=0.039). The multivariable model predicted the sum of time spent 
on nest-building activities to be 1.9±1.1 h (mean±SE) in STRAW sows 
compared to 1.6±1.1 h in CONTROL sows (Table 4, Paper III). The individual 
median nest-building time occurred 1.0 h earlier in STRAW than in 
CONTROL sows (p=0.012). The predicted median (±SE) time was 6.3±0.3 h 
before start of parturition in STRAW and 5.3±0.3 h in CONTROL sows. 
CONTROL sows were observed to bite the pen equipment more frequently and 
often tried to reach for straw in the creep area. STRAW was negatively 
associated with nest-building post-partum (p=0.044; Table 5, Paper III). Eight 
STRAW sows (12%) and five CONTROL sows (7%) did not perform any 
nest-building during the first hour after onset of farrowing. 
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Figure 9. Mean time spent nest-building by hour from 18 h pre-partum until 1 h after birth of first 
piglet in treatment STRAW (——, n=69) and CONTROL (– – –, n=69). Error bars indicate one 
standard error from the mean.  

 
Duration of farrowing (Paper III) 
The total duration of farrowing (mean±SD) was 303±179 min (n=131), with a 
mean birth interval of 23±18 min. The average number of piglets born (live+ 
stillborn) was 14.9±3.5 in CONTROL litters (n=65) and 15.2±3.2 in STRAW 
litters (n=66). There was a numerical difference between treatments with a 
farrowing duration of 319±186 min in CONTROL versus 287±171 min in 
STRAW. However, in the multivariable analysis no significant effect of 
treatment on duration of farrowing was found. When time spent nest-building 
was tested as an explanatory variable instead of treatment, the model predicted 
a 1-h increase in time spent nest-building pre-partum to be associated with a 
12% (95% CI=4–19%) reduction of farrowing duration (p=0.004; Table 6, 
Paper III).  
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Shoulder lesions 
Shoulder lesions were recorded in 328 sows at weaning, approximately 5 
weeks after farrowing. The prevalence of lesions was 43% in both treatments 
and 20% of the sows had developed lesions on both shoulders. Severe lesions 
(grade 3-4) were found in 15% of the sows. At farrowing 38 sows were very 
lean (<12 mm back-fat). Of these, only 2 of 19 STRAW sows had developed 
severe lesions at weaning compared to 8 of 19 CONTROL sows (Fig. 10). In 
sows that were very lean at weaning (n=132) a similar distribution was 
observed. Within the STRAW treatment, 11% of the lean sows (n=67) had 
severe shoulder lesions at weaning compared to 29% of the lean CONTROL 
sows (n=65).   

 
Figure 10. Distribution of shoulder lesions of different severity at weaning within very lean sows 
(<12 mm back-fat) at farrowing, in treatments STRAW (n=19) and CONTROL (n=19). The most 
severe lesion is included if lesions were present on both shoulders.   
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5.2.2 Piglet health and production 

Descriptive statistics of litter traits related to treatment are shown in Table 3 
and a summary of predicted margins (Least-Squares Means) of studied 
outcomes in the different multivariable models analysed in Table 4.  

Table 1. Descriptive statistics of litter traits in treatment STRAW and CONTROL. 

              STRAW              CONTROL 

Trait N Mean ± SD (Range)  n Mean ± SD (Range) 

Total born 181 14.2 ± 3.8 (4 – 23)  181 14.8 ± 3.4 (2 – 22) 
Live-born 181 13.4 ± 3.7 (3 – 21)  181 13.7 ± 3.3 (2 – 22) 
Stillborn 181   0.8 ± 1.1 (0 – 7)  181   1.1 ± 1.7 (0 – 11) 
Litter size after cross 
fostering 

180 13.6 ± 2.6 (8 – 23)  178 13.5 ± 2.1 (8 – 20) 

Litter size on day 5 180 11.2 ± 1.6 (6 – 15)  178 11.3 ± 1.6 (6 – 15) 
Litter size at weaning 177 10.7 ± 1.6 (6 – 14)  173 10.5 ± 1.6 (6 – 15) 
Pre-weaning mortality,% 177 18.8 ± 15.4 (0 – 70)  173  20.2 ± 14.0 (0 – 61) 

Table 2. Summary of predicted margins (Least-Squares Means) at the two levels of treatments for 
dependent variables studied in different multivariable analyses.   

Dependent variable  STRAW CONTROL  

N LSM LSM p-value 

No. of piglets with limb skin abrasions1 354 1.7 4.5 <0.001 
No. of piglets with soft heel or sole erosions1 354 1.2 5.12 <0.001 
Average daily weight gain until day 5, g 3192  163 138 <0.001 
Body weight at weaning3, kg 326 9.73 9.41 <0.001 
No. of stillbirths1,4 362 0.61 0.84 0.007 
Deaths due to starvation5 358 0.54 0.89 <0.001 
Deaths due to crushing5 358 0.63 0.38 0.001 
Pre-weaning mortality, % 350 18.8 20.2 0.24 
1Per litter. 23.9 – 6.4 depending on farm. 3Mean body weight within a litter. 4Least-Squares Means of the fixed 
portion only. 5Per litter within 5 days after birth. 

Skin abrasions and claw lesions at 5 days of age (Paper II) 
Of all examined piglets, 46% had skin or claw lesions (range 35–56% between 
farms). In the STRAW group (n=1776), 24% were affected, compared to 67% 
in the CONTROL group (n=1875). Carpal joint skin abrasions were the most 
common type of lesion observed (28% of examined piglets) followed by soft 
heel erosions (24%) and coronary band lesions (9%) (Fig. 2, Paper II). The 
prevalence of teat lesions was 9.5% in STRAW piglets (n=1532) compared to 
23% in CONTROL piglets (n=1588). 

34 



 
STRAW was negatively associated with limb skin abrasions (IRR=0.38; 
p≤0.001), reducing the expected number of affected piglets per litter by 62% 
(Table 5, Paper II). Due to a significant interaction between treatment and farm 
found in the claw model, the effect of STRAW on claw lesions differed 
between farms (IRR=0.08–0.35, p<0.001) and reduced the expected count of 
affected individuals per litter by 65 to 92% (Table 6, Paper II). 

Daily weight gain and body weight at weaning (Paper II) 
Predicted ADG until 5 days of age was on average 25±4 g (±SE) higher in the 
STRAW than in the CONTROL group (Table 7, Paper II). Piglets were 
weaned at 23–37 days of age with a mean (±SD) body weight of 9.56±1.3 kg. 
The multivariable model predicted a 0.33±0.09 kg (±SE) higher mean body 
weight of piglets in STRAW compared to CONTROL litters (Table 9, Paper 
II). In addition to treatment, the body weight at weaning was associated with 
farm, season, parity, sow body temperature, age and litter size at weaning and 
the interaction between farm and season. Litter size at weaning had a large 
influence on body weight with a reduction of up to ˗1.42 kg in litters of ≥13 
piglets, compared to litters of ≤10 piglets.  

Stillbirths (Paper IV) 
Stillbirths accounted for 6.5% of all piglets born and occurred in 49.7% of the 
litters (n=362). The mean incidence rate (±SD) of stillbirths in STRAW litters 
was 5.2±8.2 per 100 born piglets, compared to 7.2±10.4 stillbirths per 100 born 
piglets in CONTROL. STRAW had a significant effect with a 27% reduction 
in the number of stillbirths per litter compared to CONTROL (p=0.007; Table 
3, Paper IV).  

Post-mortem findings (Paper IV) 
Overall, the three major post-mortem findings were starvation (34%; n=260), 
crushing (28%; n=220), and enteritis (24%; n=182). Remaining deaths (14%; 
n=110) were due to miscellaneous causes (congenital abnormalities, 
pneumonia, etc., 7.6%; no specific lesion, 6.6%). Among starving piglets, 22% 
(n=56) also showed signs of crushing which accounted for 7% of all examined 
piglets. In addition, 3 piglets were stillborn, 14 had non-readable identities and 
9 came from four litters that were omitted because all original piglets had been 
cross-fostered to other sows, leaving 772 of the original 798 examined piglets.  
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Figure 11. Mortality rate in live-born piglets during 5 days post-partum due to crushing (——), 
enteritis (- - -), starvation (· ‒ · ‒) and miscellaneous causes (‒ ‒ ‒) in STRAW (left; n=2428) and 
CONTROL treatment (right; n=2382), based on post-mortem findings in 772 piglets from 358 
litters in 4 farms. Day 0=day of farrowing. 

In examined STRAW piglets (n=405), the main diagnose was crushing (34%) 
followed by enteritis (27%) and starvation (24%). In CONTROL litters nearly 
half of examined piglets (n=367) were instead starved (45%) and fewer piglets 
were crushed (23%) or suffered from enteritis (20%). Deaths related to 
crushing and enteritis peaked on day 1 in both treatments, while deaths 
diagnosed with starvation were most common on day 2 in the CONTROL 
treatment and in day 1 in the STRAW treatment (Fig. 11).  

 
The multivariable model predicted a 40% reduction in the number of piglets 
dying due to starvation with a predicted count of 0.89 starved piglets in 
CONTROL decreasing to 0.54 piglets in STRAW litters (p<0.001). In addition, 
the number of starved piglets increased with a low mean birth weight (<1400 
g) and increasing parity (Table 5, Paper IV). Deaths due to crushing increased 
by 66% in STRAW litters (p=0.001) and the model predicted the number of 
crushed piglets to increase from 0.38 to 0.63 piglets per litter. Losses due to 
crushing were also influenced by season and parity with increasing counts of 
crushed piglets during autumn and in older sows (parity ≥5) (Table 6, Paper 
IV). 

Overall piglet mortality (Paper IV) 
The total mortality until weaning was 19.5±14.7%. There was a numerical 
difference between treatments with 18.8±15.4% mortality in STRAW versus 
20.2±14.0% in CONTROL litters, but the effect was not statistically significant 
(Table 7, Paper IV). Pre-weaning mortality was however influenced by farm, 
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parity and mean birth weight. Mortality increased gradually with higher 
parities and was almost twice as high in parities ≥6 as in parity 1 (IRR=1.84, 
p<0.001). Mortality decreased with higher mean birth weights; at a mean 
weight of ≥1800g, mortality was reduced by 54% compared to if the piglets 
within the litter in general weighed <1400 g at birth (p<0.001). 

Medical treatments 
No instructions regarding recordings of medical treatments were given by the 
researchers before or during the study. Therefore all farms used different 
methods of recording and different criteria for when to start a treatment, 
according to their usual routines. As a result, the medical records retrieved 
from each farm were very different. All four farms recorded the kind of drugs 
used in specific treatments, but in one of the farms the person giving the 
treatment did not always specify the reason for treatment. Regarding lame 
piglets, only one farm used separate diagnoses for “soft heel/sole erosions”, 
“claw abscesses” and “swollen joints/arthritis”. Another farm used the 
diagnoses “claw” and “joint” in lame piglets. The remaining two farms stated 
just “lameness” and only occasionally wrote “claw abscess” or “joint”.  
 
In the 350 litters (177 STRAW and 173 CONTROL litters) followed until 
weaning, diarrhoea was the most common cause for medical treatment (33% of 
live-born piglets), followed by treatment due to any cause of lameness (19%) 
and small/weak piglets (6%). In 24 STRAW and 6 CONTROL litters, no 
piglets were treated at all. Fewer piglets were treated for lameness in STRAW 
than in CONTROL litters (Fig. 12).  

 
Figure 12. Causes of medical treatments in live-born piglets until weaning in STRAW (n=2385) 
and CONTROL piglets (n=2366) on 4 farms, retrieved from the farm records. 
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6 Discussion 
 
 Strategic use of straw gives the sow increased access to nesting material and 
creates a more suitable environment with an improved micro-climate and 
increased comfort during farrowing and early lactation compared to a limited 
use of straw. The results support most but not all hypotheses put forward in this 
thesis (Fig. 13).    

 
Figure 5. Overview of expected (white and blue circles) and measured (blue circles) outcomes 
related to strategic use of straw and their hypothesised associations. Green arrows = expected 
outcome has been verified within this thesis. Question mark = expected outcome has not been 
verified. Red arrow = contradictory association was found.   
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6.1 Increased access to nesting material 

The amount of straw provided to STRAW sows before farrowing (15–20 kg) 
was substantial compared to what is normally given to farrowing sows. 
Worldwide, farrowing sows are often confined in crates or sometimes barren 
pens without any material for nest-building which does not allow performance 
of their natural nesting behaviour. In a study by Arey et al. (1991) loose 
housed sows with free access to straw used 8–25 kg for building their nests. 
The strategic use of 15–20 kg of straw could therefore be supposed to be 
enough to satisfy the behavioural need of most sows.  

6.1.1 Intensity and timing of nest-building 

Earlier studies within this field of research in general compare “straw” with 
“no straw” treatments. Associations between provision of straw and the timing 
(i.e. earlier start of the nest-building phase and termination more in advance to 
farrowing) and quantity of nesting behaviour (i.e. increasing the proportion of 
time spent nest-building) have previously been demonstrated by Cronin et al. 
(1994) and Thodberg et al. (1999). The result presented in Paper III confirms 
their findings but also indicates that nest-building is affected not only by the 
presence of straw, but also by the quantity of straw provided.  

 
CONTROL sows did perform nest-building behaviours to a quite large extent; 
however, they begun later and performed somewhat more nest-building after 
onset of farrowing. They also bit the pen equipment more frequently and often 
tried to reach for straw in the creep area. It has been proposed that the 
termination of nest-building depends on physiological changes associated with 
the onset of parturition (Algers & Uvnäs-Moberg, 2007) and feedback from the 
completed nest (Jensen, 1993; Arey et al., 1991). The daily amount of ~1 kg 
and additionally 2 kg on the day of farrowing given to CONTROL sows in 
study II, does not seem to be enough to give sufficient stimuli in order for the 
sow to terminate the nest-building well in advance of farrowing.  

6.1.2 Duration of farrowing 

The increased access to straw was also hypothesised to reduce farrowing 
duration and as a result reduce the number of stillborn piglets. Numerically 
STRAW sows had a shorter farrowing (287 versus 319 minutes, Paper III) but 
the variation was large and the difference was not statistically significant. On 
the other hand, a strong association between increased nest-building and 
reduced farrowing duration regardless of treatment was found, i.e. sows that 
performed a lot of nest-building behaviour had a shorter farrowing compared to 
sows that were less engaged in nest-building. The number of stillbirths was 
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reduced in STRAW litters as hypothesised when records from all farrowings 
were included (Paper IV). Fewer piglets were also starving to death (Paper IV) 
which partly may be as a result of fewer piglets being weak at birth in STRAW 
pens. An association between prolonged farrowing and an increased 
probability of stillbirths has been demonstrated in several studies (Canario et 
al., 2006; Borges et al., 2005; van Dijk et al., 2005) and is explained by the 
higher risk of hypoxia due to occlusion or damage of the umbilical cord or 
placental detachment as farrowing progresses (van Dijk et al., 2006). It thus 
seems like strategic use of straw will positively affect the farrowing process 
with fewer piglets at risk of being stillborn or weak at birth although the effect 
on farrowing duration still needs to be verified.  

6.1.3 Influence on milk production 

High colostrum and milk yields are essential for piglet growth and survival. At 
farrowing, the sow changes her metabolism from an anabolic to a catabolic 
state in order to make her body resources available for milk production and 
there is evidence that the ability of a sow to turn catabolic soon after parturition 
may reduce piglet mortality (Yun et al., 2014; Valros et al., 2003). Both nest-
building, progress of parturition and milk output is influenced by hormonal 
regulation (Algers & Uvnäs-Moberg, 2007) and it has been speculated that 
alterations of the endocrine state of the sow during late pregnancy affecting the 
birth process might also affect the milk production and milk intake (Yun et al., 
2014; Quesnel, 2011; Foisnet et al., 2010). In a recent study by Yun et al. 
(2013) access to abundant nest-building material (chopped straw, sawdust, 
branches, shredded newspaper and ropes) improved sow metabolic status with 
increased plasma oxytocin and prolactin concentrations and a tendency to 
higher non-esterified fatty acids (NEFA) concentrations. Low oxytocin 
concentration is associated with prolonged parturition (Castren et al., 1993) 
and prolactin is essential for lactose synthesis and for colostrum production by 
mammary epithelial cells (Foisnet et al., 2010). An elevated NEFA 
concentration is suggested as a sign of high capacity by the sow to effectively 
switch to the catabolic state after farrowing, improving the overall milk output 
(Valros et al., 2003). Access to abundant nesting material also resulted in a 
more successful colostrum intake with a tendency for higher piglet IgG and 
IgM concentrations during early lactation (Yun et al., 2014). The results in 
study II also suggest that increased access to nest-building material may 
positively influence the milk production. On all farms, fewer piglets died from 
starvation (Paper IV) and surviving piglets had a higher weight gain (Paper II) 
which may be due to a higher milk yield in STRAW sows. However, it may 
well be that part of  the increased weight gain is explained by fewer piglets 
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suffering from bruising (Paper II) which is known to reduce weight gain 
(Johansen et al., 2004).  

6.1.4 Influence on maternal behaviour 

A possible association between access to nest-building material and increased 
maternal abilities have been proposed in several studies (Yun et al., 2013; 
Damm et al., 2010; Cronin & van Amerongen, 1991). Therefore it was 
hypothesised that strategic use of straw would result in fewer crushed piglets 
and a reduced overall piglet mortality. On the contrary, under the conditions 
studied more piglets died from crushing in STRAW pens. A common opinion 
is that piglets may get trapped when long, uncut straw is used. However, in 
study I and II only chopped straw was used and trapped piglets were not 
identified as a problem either by the staff or the researchers. A more probable 
explanation is poor pen design. Although sows in Study II were kept in large 
pens of 6.0–6.4 m2, the free space available for the sow was only 4.5–4.9 m2 
which is just targeting the minimum space recommended (4.9–5.0 m2) to meet 
the behavioural need of the sow (Baxter et al., 2011; Weber et al., 2009). In 
addition, farrowing rails on the maximum three sides of the farrowing pen were 
only present on one farm (Fig. 3 and 4). Another possible reason is that the 
straw bedding present in STRAW pens may have reduced the piglets’ use of 
the creep area and consequently the piglets spent more time out in the pen 
close to the sow at risk of being crushed. Considering this possibility, a poor 
pen design may have had a larger impact on piglet mortality due to crushing in 
STRAW than in CONTROL pens, even if STRAW sows possibly were more 
careful. Further research needs to be performed before the hypotheses about 
influence on maternal behaviour and reduced pre-weaning mortality and deaths 
due to crushing can be rejected. 
 
The proportion of deaths diagnosed with enteritis (24%) and the number of 
piglets treated for diarrhoea (33%) was exceptionally high and is suspected to 
be due to a new type of diarrhoea by some authors referred to as the New 
Neonatal Porcine Diarrhoea Syndrome (NNPDS) (Kongsted et al., 2013; Melin 
et al., 2010). Presence of this disease could also have influenced the number of 
crushed piglets since many piglets were not healthy and perhaps not as alert as 
otherwise. More piglets were diagnosed with enteritis at post-mortem 
examination in STRAW-litters but at the same time fewer seem to have been 
medically treated for diarrhoea. Fewer treatments could perhaps explain the 
higher death rate due to enteritis in STRAW pens.  
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6.2 Increased comfort during farrowing and early lactation 

6.2.1 Prevention of bruising 

The straw bedding present during farrowing and early lactation strongly 
reduced the number of piglets with skin abrasions and soft heel/sole erosions in 
STRAW pens as expected (Paper II). Piglets with claw and skin abrasions are 
less active than healthy littermates (Mouttotou & Green, 1999) and the lesions 
are associated with lameness (Zoric et al., 2008), which indicates that they are 
painful. Poor claw health of suckling piglets is thus regarded as a major 
welfare issue in current pig production. At birth, the piglet’s hoof horn is 
hyper-hydrated and therefore soft and vulnerable to abrasive flooring such as 
concrete (Gardner & Hird, 1994). It has been suggested that protecting the 
newborn piglets’ feet from coming in contact with hard surfaces such as 
concrete by providing sufficiently deep bedding during the first days after birth 
reduces the prevalence of lesions (KilBride et al., 2009; Mouttotou & Green, 
1999). The result from study II clearly confirms this.  

6.2.2 Development of sow shoulder lesions 

The increased comfort was also hypothesised to prevent development of 
shoulder lesions since soft bedding is present during the time period when the 
sow is laying down the most. Behavioural observations of part of the sows in 
study II (18 sows on farm C) shows that in general the sows spend 80% of their 
time in lateral recumbence during the day of farrowing and that they may lay 
down on the same side for up to 7 hours (Rolandsdotter et al., 2009). 
Unexpectedly, STRAW sows did develop shoulder lesions to the same extent 
as CONTROL sows why the results do not support this hypothesis. Either the 
soft bedding was not soft enough to reduce pressure or, perhaps more likely, it 
was provided in a too short time period. Sows were also often observed to push 
away straw with the snout before lying down so that the underlying floor was 
exposed.  
 
Development of decubital shoulder lesions in sows is considered a 
multifactorial problem connected to risk factors at both individual and herd 
levels, such as the body condition of the sows, their lying behaviour and the 
physical properties of the flooring. It may also be inheritable (reviewed by 
Herskin et al., 2011). Especially sows in poor body condition are at higher risk 
of developing shoulder lesions. When looking only at lean sows at farrowing 
and weaning (<12 mm back-fat) it seems as these are less likely to develop 
severe lesions (grade 3–4) in STRAW pens although further multivariable 
modelling is needed to fully evaluate the effect. Sows with a history of 
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previous shoulder lesions are predisposed to develop more lesions in 
subsequent lactations (Herskin et al., 2011). Prevention of severe lesions are 
therefore important in order to reduce pain and suffering for the animal itself 
but also from an economical point of view since these otherwise healthy 
animals are likely to be slaughtered or euthanized.  

6.3 Improved micro-climate at farrowing 

Straw bedding has good qualities of thermal insulation suitable for pigs as 
demonstrated under experimental (Stephens, 1971) and out-door conditions 
(Algers & Jensen, 1990). Prolonged hypothermia predisposes piglets to 
mortality by other causes such as starvation, crushing and disease (Herpin et 
al., 2002). The body temperature at 24 h after birth has also recently been 
proven to be important for growth performance during the suckling period 
(Panzardi et al., 2013). The results from study II with reduced mortality due to 
starvation (Paper IV) and increased ADG until day 5 and body weight at 
weaning (Paper II) therefore indicate that the straw bedding present at 
farrowing as a result of the strategic use of straw indeed provides a suitable 
micro-climate for the newborn piglets, preventing prolonged hypothermia.    

6.4 Throughput of straw 

The throughput capacity was clearly influenced by the chop length distribution 
since throughput of short and medium straw qualities (MMLs of 39 and 70 
mm) drained quicker and to a larger extent compared to long straw (MML 130 
mm). It is well known that drainage capacity of manure through slatted 
flooring is correlated with the floor properties (percentage and size of slat 
openings) (Vermeij et al., 2009). The results from study I also suggest that the 
design and percentage of slat openings may influence the drainage of straw as 
well since more straw bedding of the long quality remained at day 4 in plastic 
slatted pens with small openings (36/84 mm long) compared to cast iron pens 
with large openings (200 mm long). In fact, elimination of short and medium 
straw was perhaps too quick in the cast iron pens. In most of these pens, straw 
bedding did not cover the whole pen floor area at farrowing and prevention of 
bruising and prolonged hyperthermia can therefore not be expected. Use of 
straw with very short chop length on a slatted floor with large openings is thus 
not preferable. In order for strategic use of straw to be feasible and to utilise its 
full potential, straw chop lengths needs to be adjusted to the design of the 
slatted floor.  
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In most cases, the pen hygiene was good in spite of the large quantities of 
straw used. Under semi-natural conditions, the sow spends 90% of her time 
within the nest and only 10% out foraging during the first two days after 
farrowing (Stangel & Jensen, 1991). Also under commercial conditions the 
sow’s feed intake is very low during early lactation (Schinckel et al., 2010). 
Consequently, low amounts of manure are produced during the short time 
period when straw bedding is present in the whole pen. Possibly the low 
production of manure also facilitates the throughput of straw since it is mainly 
pure straw passing through the slats. 

6.5 Methodological considerations 

To carry out experimental trials on commercial farms is a challenge. Several 
employees have been involved on the different farms and there are many things 
that have been done differently due to different routines on each farm or due to 
different interpretation of the information given by the researchers. On the 
other hand, field experiments are robust and if an effect of a treatment is 
consistent over time and between farms, it is very likely that it really is a true 
effect not caused by chance.  

 
Assessment of several measures was done by visual scoring in both study I and 
II which gives some limitations to the studies. One obvious example is that the 
visual scoring of throughput capacity was unintentionally not done in the same 
way on farm A and B in study I (only slatted floor area instead of total floor 
area scored on farm B). This makes comparison of throughput capacity 
between farms difficult and was therefore not performed. Due to long distance, 
it was not possible for the researchers to visit the farm every day during the 
study period and scoring performed by the staff members was the only 
practical solution. The misinterpretation could however have been avoided if 
more information and feed-back were given at an early stage. To minimise 
bias, I myself performed all visual scoring of pen hygiene, piglet bruising and 
sow shoulder lesions in study II. Records from this study are therefore more 
consistent and comparable between farms.  

 
The results regarding medical treatment of piglets should be treated with great 
caution. Farm records of medical treatments were incomplete and not detailed 
enough to make any strong conclusions. Criteria for when to initiate a 
treatment also differed, making the results even more difficult to interpret.  
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The behavioural recordings of nest-building and farrowing in study II had 
many limitations. Although infrared cameras were used, night vision was often 
impaired. This led to the exclusion of many observations and additional light 
had to be turned on during night. Still the quality of the recordings during night 
time was often poor. It is also possible that many sows were disturbed by the 
presence of unknown people at farrowing. Fear of unknown humans may 
increase the duration of farrowing (Andersen et al., 2006) and has been 
demonstrated to increase the number of stillborn piglets (Hemsworth et al., 
1999). In study II, one researcher and one assistant were present during most 
working hours, in addition to the regular working staff. The scientific staff did 
not directly interact with the sows during farrowing, but it is possible that the 
alarm arising when weighing piglets in adjacent pens were stressful for some 
sows. This could have compromised the farrowing process and eventually 
masked the effect of treatment on the duration of farrowing.  

6.6 Practical implications 

The results from this study clearly show that applying the method of strategic 
use of straw at farrowing is beneficial for farrowing sows and their piglets. 
From the farmer’s point of view, this alone is often not convincing enough. 
Practical and economic considerations must also be taken into account.   

6.6.1 Is strategic use of straw economically beneficial? 

At first sight, additional use of straw will increase both cost and labour. 
According to Swedish animal welfare legislation (SFS 1988:539), bedding of 
straw or other equal material has to be provided in the farrowing pen and thus 
the use of straw in Swedish piglet-producing farms is already significant when 
the whole suckling period is included. Calculating the amounts used over the 
whole period in the farrowing unit, CONTROL pens were provided with at 
approximately 45 kg (1 kg daily in 40 days + 5 kg on the day of farrowing). 
The amount used in STRAW pens during the same period was 50–55 kg. The 
price of straw varies depending on the conditions during harvest and the 
availability in the geographic area of interest. Calculations of direct costs will 
therefore differ between countries, regions and years. The current price used by 
advisors in Sweden is 0.08 € per kg straw (Svenska Pig, 2014). Using this 
figure, the cost for the extra straw provided to STRAW sows in study II was 
0.8–1.2 € per sow.  
  
On the other hand, the positive effects of the STRAW treatment on the 
animals’ health and production are likely to generate economic benefits. One 
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example is the increased body weight at weaning. The daily cost for raising a 
pig in Sweden during the post-weaning growth period has previously been 
estimated to 0.3 € per day (Wallgren et al., 2011). To reduce the post-weaning 
growth period by one day due to a higher body weight at weaning (+0.3 kg per 
piglet) would then reduce the production-cost with about 3.6 € per litter (0.3 € 
x 11 piglets x 1 day). A heavier piglet will also get through the weaning 
process more easily. Another example is the fewer treatments of lame piglets 
that will decrease the direct cost for antibiotics and other drugs used. To treat a 
lame piglet also takes a lot of time since each individual has to be identified 
and repeatedly picked up to be treated. The labour time used for medical 
treatments will therefore decrease considerably. Average labour requirement 
within Swedish piglet production is 41 minutes per produced piglet (15 h per 
sow and year) and the time spent on health control and medical treatments 
contribute with as much as 8% (Mattsson et al., 2004). In herds with very high 
prevalences of lame piglets the time used for medical treatments will be even 
higher and in these herds, reduction of labour requirements is likely to be 
substantial if bruising can be prevented. The reduced number of stillborn 
piglets and eventually reduced removal of sows due to prevention of severe 
shoulder lesions is also likely to be economically beneficial.  

 
There may also be effects difficult to evaluate in economic terms, such as a 
greater job satisfaction and a more positive atmosphere among the employees. 
Two of the farms participating already applied the method of strategic use of 
straw in full scale before study II was conducted. The employees on these 
farms were complaining a lot about not being able to provide as much straw as 
they were used to in the CONTROL pens. They strongly pointed out that the 
sows were much more satisfied when they received large amounts of straw and 
that this generated a much quieter and nicer environment to work in. There is 
growing evidence showing that positive human-animal interactions may result 
in behavioural and physiological changes with consequences for the animal’s 
performance (Hemsworth & Coleman, 2011) so also from this perspective, 
applying strategic use of straw could be a good investment.  

6.6.2 Is strategic use of straw practically feasible? 

As mentioned earlier, EU Council Directive 2008/120/EC states that “in the 
week before the expected farrowing time sows and gilts must be given suitable 
nesting material in sufficient quantity unless it is not technically feasible for 
the slurry system used in the establishment”. The quantity that should be 
regarded as “sufficient” is however not defined. The results presented in this 
thesis indicate that it is possible to provide the sow with 15–20 kg of chopped 
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straw around the time of farrowing in partly slatted pens with a sufficient 
throughput of straw, thus maintaining good pen hygiene. However, to 
overcome all technical obstacles with provision of straw in sufficient 
quantities, the slurry systems must also be adjusted to cope with equally large 
amounts of straw or other material. Both study I and II were carried out on 
farms with liquid slurry systems and with mechanically operated scrapers 
directly under the slats which worked sufficiently during the study period. 
However, there are several known problems that can arise such as straw piling 
up beneath the slats (Ohlsson et al., 2011). To design proper housing and slurry 
systems able to manage large quantities of straw is therefore a necessity and a 
future challenge. 
 
Outside Sweden and a few other countries, most farrowing sows within the 
conventional pig production are housed in crates and not given any straw or 
other nesting material at farrowing. Many present slurry systems are also not 
designed to cope with straw. Thoughts about implementation of strategic use of 
straw on a large scale are therefore perhaps ahead of its time since this requires 
that sows are loose housed in large pens. On the other hand, more and more 
consumers are concerned about the welfare of the farm animals and are 
therefore willing to pay a higher price for more animal-friendly food products 
(Eurobarometer, 2007). At the same time, alarming reports about the rapid 
increase of multi-resistant bacteria also indicate that the use of antibiotics 
within animal production must decrease significantly. To do this, the currently 
prevailing way of keeping animals and producing meat must change. Strategic 
use of straw at farrowing is both animal-friendly and reduces the need for 
medical treatments at the same time as piglet weigh gain increases. Under the 
conditions studied, it may also be economically profitable. Implementation is 
therefore a win-win situation, for the sow and her piglets, the farmer and the 
society.  
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7 Conclusions 
 It is technically feasible to achieve efficient throughput of straw and to 

maintain good pen hygiene in partly slatted farrowing pens for loose housed 
sows provided with 15–20 kg of chopped straw before farrowing. However, 
straw chop lengths need to be adjusted to the type and design of the slatted 
pen floor.  
 

 Sows with access to large amounts of straw spend more time nest-building 
pre-partum and less time during the first hour after birth of the first piglet 
compared to sows with limited access.  
 

 Strategic use of straw at farrowing reduces the number of stillborn piglets. 
 
 Strategic use of straw at farrowing reduces the developing of skin abrasions 

and soft heel/sole erosions in piglets. 
 

 Strategic use of straw at farrowing has a positive effect on the average daily 
weight gain in early lactation, increasing the mean body weight at weaning.    
 

 Under the conditions studied, the overall pre-weaning mortality was not 
affected; however, the distribution of post-mortem findings varied, with 
fewer piglets dying due to starvation and more due to crushing when 
strategic use of straw was applied. 

 
 The overall prevalence of shoulder lesions at weaning is not affected by 

strategic use of straw, but development of severe lesions in very lean sows 
seems to be reduced.   
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8 Future research 
Through the work in this thesis, several associations between strategic use of 
straw and the behaviour and health of the animals have been verified but more 
can be done and new questions to answer have emerged. 
 
 Will strategic use of straw reduce overall piglet mortality in properly 

designed pens with enough space? 
 

 Does increased nest-building influence colostrum yield and overall milk 
production, or is the increased weight gain found solely a result of more 
viable piglets able to ingest more milk due to reduced risk of prolonged 
hypothermia or bruising? 

 
 Does strategic use of straw really reduce the prevalence of severe shoulder 

lesions in lean sows?  
 

 Will teats that are completely worn off on a female piglet be able to 
function properly at her first lactation?  
 

 How should the optimal farrowing pen for loose housed sows and the 
optimal liquid slurry system coping with large amounts of straw be 
designed?  

 
 Can the level of noise emitted from the animals in the farrowing unit be 

used to indicate the sows’ contentedness? 
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9 Populärvetenskaplig sammanfattning 
Konceptet ”strategisk halmning” innebär att en sugga, i en vanlig, 
konventionell grisningsbox, ges 15-20 kg hackad halm vid ett och samma 
tillfälle, två dagar före beräknad grisning. Halmen får sedan passivt dräneras ut 
genom spaltgolvet under loppet av några dagar, varpå man övergår till 
traditionell halmtilldelning med en mindre daglig giva. Den strategiska 
halmningen erbjuder suggan goda möjligheter att få utlopp för sin naturliga 
instinkt att bygga bo till skydd för smågrisarna vid förlossningen. Grisen 
domesticerades för ca 9000 år sedan men trots att det var så länge sedan har 
många av dess beteenden inte förändrats. Även i väldigt torftig miljö uppvisar 
suggan sitt medfödda beteendemönster när förlossningen närmar sig, det så 
kallade bobyggnadsbeteendet. Tidigare studier har visat att när suggan hindras 
från att ge utlopp för sin vilja att bygga bo, t.ex. genom att hon fixeras (dvs. 
stängs in på mycket begränsad yta i en grisningsbur utan att kunna vända sig 
om) eller inte får tillgång till något bobyggnadsmaterial, påverkas 
förlossningsprocessen negativt genom längre förlossningstider med ökad risk 
för att smågrisarna får syrebrist och därför är svaga eller döda vid födseln.   
 
Den stora mängden halm gör också att en halmbädd bildas på boxgolvet som i 
Sverige vanligen utgörs av en fast liggyta i betong i kombination med 
dränerande spaltgolv av gjutjärn eller plast. Bädden utgör ett mjukt och 
isolerande underlag som skapar en god miljö för både suggan och smågrisarna. 
Nyfödda smågrisar är mycket känsliga för nedkylning då de inte har någon päls 
och nästan inget skyddande underhudsfett. En kraftig och långvarig nedkylning 
gör smågrisen svag, vilket i sin tur ökar risken för dödsfall på grund av svält 
eller klämning av suggan. Att tillfredsställa smågrisens behov av värme vid 
födseln är därför livsavgörande. Den nyfödda smågrisen får också mycket lätt 
förslitningsskador på klövar och ben i samband med digivningen under sina 
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första timmar i livet. Även här spelar golvets struktur en viktig roll och halmen 
gör golvet mjukare. 

 
Syftet med denna avhandling var att studera och försöka mäta effekterna av 
strategisk halmning på beteende, hälsa och produktion hos suggor och 
smågrisar. Syftet var också att undersöka om denna metod för halmtilldelning 
är genomförbar på vanliga gårdar. Kan halmen fås att passivt dräneras genom 
spaltgolvet så att lantbrukaren inte behöver lägga ner extra arbete på att få ut 
halmen ur boxen? 
 
Två fältstudier genomfördes. I den första undersöktes hur halm med olika 
genomsnittlig strålängd (130, 70 respektive 39 mm) passivt dränerades ut 
genom ett spaltgolv av plast med små öppningar (36/84x10mm) respektive ett 
spaltgolv av gjutjärn med stora öppningar (200x11 mm). I varje grisningsbox 
lades 15 kg halm in två dagar före beräknad förlossning. Personalen på gården 
bedömde dagligen hygienen och noterade hur stor golvyta de såg var täckt av 
halm. På fjärde dagen efter grisning vägdes den halm som eventuellt fanns 
kvar. Resultatet visar att halmen gradvis dränerades ut i mycket stor 
utsträckning på både plast och gjutjärnsspalt och att hygienen var 
genomgående tillfredställande. Enda undantaget var när den längsta halmen 
användes i boxar med plastspalt. I hälften av dessa boxar fanns då mer än 9 kg 
halm kvar 4 dagar efter grisning. Det visade sig också att när den korta och 
medellånga halmen användes i boxar med gjutjärnsspalt, dränerades den ut så 
fort så att väldigt lite av halmen fanns kvar vid grisningen. Strålängden måste 
därför noga anpassas till det golv man har i sin besättning om man vill utnyttja 
den strategiska halmningens fulla potential. Det är också viktigt att 
utgödslingssystemet är anpassat för att ta hand om den ökade mängden halm. 
 
I den andra studien studerades den strategiska halmningens biologiska effekter 
på fyra olika gårdar. Produktionsresultat och mätningar från totalt 363 kullar 
ingick i studien. Dessa var jämnt fördelade i en försöksgrupp som tilldelades 
15-20 kg halm två dagar före beräknad förlossning, och en kontrollgrupp som 
fick dagliga givor om ca 1 kg halm plus 2 kg extra inför förlossningen. 
Resultaten visar att strategisk halmning effektivt minskar förekomsten av 
förslitningsskador på hud och klövar hos 3-7 dagar gamla grisar. Bland 3651 
undersökta smågrisar observerades någon typ av förslitningsskada hos 46%. 
Skador på framknän var vanligast och andelen grisar med denna typ av skada 
minskades med 62% i strategiskt halmade boxar. Smågrisar i försöksboxar 
växte också snabbare och vägde därför i genomsnitt 0.3 kg mer vid avvänjning 
jämfört med smågrisarna som växt upp i kontrollboxar. De smågrisar som dog 
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inom 5 dagar efter grisning obducerades och totalt sett var svält (34%), 
klämning (28%) och diarré (24%) de vanligaste fynden. I de strategiskt 
halmade boxarna var det dock en större andel av smågrisarna dog till följd av 
klämning (34%) och diarré (27%), jämfört med kontrollerna där nära hälften 
(45%) av smågrisarna istället hade svultit ihjäl. Däremot sågs ingen skillnad i 
smågrisdödlighet totalt sett fram till avvänjning.  
 
En del av suggorna filmades och observationer av 138 förlossningar visar att 
när suggor får tillgång till mycket halm börjar de bygga bo tidigare och gör det 
i större utsträckning innan förlossningen startar. Någon statistisk skillnad i 
förlossningens längd kunde inte visas mellan grupperna men suggor som 
ägnade en större del av tiden åt bobygnad hade en snabbare förlossning oavsett 
om de fick mycket eller lite halm. Likaså minskade andelen dödfödda 
smågrisar när resultaten från 362 förlossningar togs med i analysen. Statistiska 
beräkningar av resultaten från de undersökta kullarna där man tagit hänsyn till 
kullstorlek, suggans ålder osv. visar att effekten av strategisk halmning i 
försöket minskade antalet dödfödda med i genomsnitt 0.2 smågrisar per kull.  

 
De företagsekonomiska effekterna av strategisk halmning har inte utretts inom 
ramen för denna avhandling. Positiva effekter i form av färre dödfödda, samt 
friskare och tyngre smågrisar vid avvänjning kan dock förväntas medföra även 
ekonomiska vinster. Strategisk halmning kan således vara av värde för både 
sugga, smågris och lantbrukare.  
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