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Rooting area and drinker affect dunging behaviour of organic pigs

Herman M. Vermeét, Henk Altend, Pieter F.G. Vereijkérand Marc B.M. Bracke
®Wageningen UR Livestock Research, Lelystad, Théétnds

"Wageningen UR Biometris, Wageningen, The Nethedand

Abstract —Hygiene is a common problem on outdoor runs of gigwrganic pigs. Manure and urine
are mainly excreted outdoors and tend to spreaulat the run. Reducing the soiled surface area may
be beneficial to animal welfare, hygiene, ammomiéssions and labour, not only in organic but atso i
conventional systems. The objective was to redoeeoiled surface area in the pen and to make the
outdoor run more attractive for pigs . Introduntif a rooting area and drinker in the outdoorwas
tested in a 2x2 factorial design. In total 4 reqiiés were studied in a room with 2 rows of 4 pens
containing 14 pigs each. More pigs went outdoorgeins with rooting area access than in pens without
arooting area (11.2 vs 8.5 %, P=0.003). This wesstd more pigs entering the rooting area and an
adjacent slatted floor. Addition of a drinker diotattract more pigs outdoors (P=0.53).

The rooting area improved the cleanliness of thelearhen (P<0.001). However, in some cases the
rooting area was also used as a dunging area.réaeaeound the additional outdoor drinker was
cleaner, but on the whole pens were dirtier (P=D.0htroduction of an outdoor drinker resulted in
more indoor pen fouling, especially around the orddrinker (P<0.001). An outdoor rooting area
makes the outdoor run more attractive for pigsraddices the dunging area. This study contributes to

the knowledge base on how to reduce the dungirigcgiin pens for organic pigs.

Keywords: Pigs, behaviour, dunging, organic, roptifrinking

! Corresponding author at: Wageningen UR Livestockedech, PO box 65, 8200 AB Lelystad, The Nethedand
Tel: + 31 320 293378. E-mail address: herman.ver@eeir.nl


http://ees.elsevier.com/applan/viewRCResults.aspx?pdf=1&docID=3365&rev=2&fileID=95806&msid={8B1A2466-F79F-4609-BCAC-26604DC52598}

25
26

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

1. Introduction
All organic pigs should have access to an outdaorEU, 2008). Growing-finishing pigs from 85 up to

110 kg liveweight require an indoor area of 1.3s@dded with straw and an outdoor run of 1.0 m2s Thi
is approximately 2.5 times the space allowancedowventional pigs. In the Netherlands, organic sows
should have access to pasture, but weaners andhgréinishing pigs have a bare, partly roofed, lyart
slatted concrete run. Environmental enrichmentagiy provided indoors. Commonly, the majority of
excretory behaviour occurs on the outdoor run aedtraw bedded indoor area remains clean and dry.
Up to half of the concrete outdoor floor space halatted. Consequently, a proportion of the manur
and urine will be excreted on the solid floor odésiThis soiling of the outdoor run necessitatesaex
cleaning labour to maintain hygiene and ammoniassiomn standards.

Domesticated pigs under semi-natural conditiongydairieast 5 to 15 m from their nests (Stolba and
Wood-Gush, 1989). Under husbandry conditions Ba(t@84) states that pigs also prefer to move away
from their selected lying area during excretiomiider to find a colder, safer and secluded dunging
location. Olsen et al. (2001) found that in pengain outdoor run most dunging took place outside,
away from the lying and roughage feeding area.

Halberg et al. (2010) demonstrated that organigpagluction places a higher burden on the
environment than conventional production in termsroneral leaching and gaseous emissions . When
excretory behaviour is restricted to a slatted amrafouling and mineral losses are reduced. Sfieent
information concerning excretory behaviour on th&loor run is limited, more information is availabl
for conventional pigs kept indoors (Hacker et 894; Fraser, 1985; Aarnink, 1996). Pen design,
equipment and climate control may affect excretmfiaviour (Pedersen et al., 2003). Further
reductions in area used for excretion behavioutdceventually result in the development of a pig
toilet for both organic and conventional systenisc& outdoor runs for pigs often lack any enrichtnen
materials, fibres or other items (i.e. feedersrorketrs), additional provisions may enhance useaut
runs, allowing species-specific behaviour like hogtimproving animal welfare and reducing pen
fouling (Bracke et al., 2006; Van de Weerd and ,[2809). Increasing outdoor activity will reduce th

potential area used for excretion.
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The objective of this study was 1) to reduce sasledace area of organic pig pens and 2) to make
outdoor runs more attractive for organic pigs, figtuding a rooting area and an additional outdoor

drinker.

2. Material and Methods
The experiment was performed over a period ol&dss from September to March at the organic

finishing unit of the research farm in Raalte (Netherlands). In total 4 replicates were studied in
room with 2 rows of 4 pens containing 14 pigs e&ach pen had an indoor area with a 1.50 x 3.15 m
kennel on one side, a feeder with 2 feeding placethe opposite side and a concrete outdoor area
roofed for 75%. Water was available ad libitum iadoin a bowl (Egebjerg, DRIK-O-MAT®
STANDARD) on the side partition above the slattiedif (Figure 1). Each pen was 4.57 m wide and
4.65 m deep indoors and 3.20 m deep outdoors.prbigded an indoor area of 1.5 m2 and 1.0 m?
outdoor area for each pig. Each pen containe@ arilraised concrete slatted floor indoors that was
4.57 m wide and 1.60 m deep near the side walbaddb0 m deep slatted floor on the outer sidaef t
outdoor run. All solid concrete floors had a slgpéd-2% towards the slatted floor. The pigs weckde
daily amount of approximately 0.5 kg of choppedL(bem) straw per pen on the solid floor in the
kennels. Pen partitions were solid to prevent r@ghing pens in different treatments affecting each
other, except on the outdoor run.

The upper 2 m of the 3.5 m high side wall consistied fabric with 50% apertures and a manually
operated wind-break curtain. An open ridge sengtha main air outlet. An indoor kennel 1.75 deep
and 3.00 m wide fronted with a transparent cun@ovided the required microclimate for the pigs. No

heating was provided in the finishing room.

The piglets (Large White x (Large White x Dutch Haace)) entered the room at 25 kg (10-11 weeks)

and were ready for slaughter at 110 kg (27 wedk®.animals were kept according to the EU

regulations for organic pigs (EU, 2008). Each pemtained a mixture of both gilts and barrows.

Treatments
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A 2x2 factorial experiment was designed to testetffiect of an outdoor rooting area and a drinking
bowl, resulting in 4 treatment combinations.

Rooting area - In half of the outdoor runs a rooting area waalable (“root”) that was covered daily
around 9 a.m. with a 10 cm layer of fresh choppeéine hay. Dirty material was removed on a daily
basis if necessary. The rooting area (1.60x2.0@/as)placed in Area 2 (Figure 1), i.e. on the stiidr
of the outdoor run with a 0.90 m high solid paotitiadjacent to the slatted floor with a low 0.2&igh
barrier as entrance. In the remainder of the outdots no rooting area (“noroot”) or materials aer
available.

Drinker - Half of the outdoor runs with and without rootiagea were installed with an additional
automatically filled frost free drinking bowl (Rhé& Thrifty King for Swine HG2) (“drink”). This as
placed above the slatted floor in Area 4 (FigureThe remaining pens had no additional drinker

available (“nodrink”).

Observations

A camera was installed 4 m high above the centtheobutdoor run in each pen to record still images
every 15 minutes. The outdoor run was divided fhtoveas (Figure 1) and the presence of pigs in each
of the four areas was counted using the imagds.presence was only recorded in the outdoor gart o
the pen. A total of 27,648 images were collectexplicates from 8 pens during 9 days for 24 hours
every 15 minutes. Recordings were analysed fromddgs, Wednesdays and Fridays in weeks 4, 9 and
14 after the start of each replicate. The meangstmm of pigs occupying an area per pen per capi
was used as experimental unit.

Pen fouling was scored by visual assessment twioeek indicated as percentage wet and dirty surface
on a scale with five 20%-classes from 0 (0-20%y¥liid 4 (80-100% dirty). Dry floor surface did not
contribute to the dirty surface. Pen fouling of theting area was assessed when best visible in the
morning prior to the daily cleaning and provisidrfresh lucerne hay. Due to the fact that various
amounts of excreta remain on top of solid andegdidftbors a comparison of scores in different areas
within a pen is impossible. A comparison of penlifayiscores was only possible between specificaarea

of pens in different treatments. Both the floorstef outdoor run and the indoor pen were divided in
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four areas resulting in 8 scores per pen per obtiervday (Figure 1). The mean proportion of the

maximum fouling score per area per pen per regiagts used as experimental unit.

Analysis

The average number of pigs occupying an area malgsed depending on the number of pigs in the
pen. Influence of the treatment factors (Rootirepaand Drinker) on the average number of pigs
occupying an area was examined with a logisticaggon model for the proportion of animals in the
area. This model comprised a main effect of refdicaain effect and interaction for Rooting ared an

Drinker, i.e.
In (&) =c + replicate + rooting area + drinker + rooting area. drinker

Heremr denotes the expected proportion present in the afe observed average numbers of pigs (Y)

were considered as pseudo binomial data with vegi@noportional to binomial variance, i.e.
variance(Y) = pnr(1 — m)

Hereep denotes a dispersion parameter and n the numiaairoils in the pen. Estimates for the model

parameters and F-tests for the terms in the modes whbtained using the quasi-likelihood method (see

McCullagh & Nelder, 1989). An estimate fgrwas calculated from Pearson’s chi-square. When the

interaction effect was not significant(P>0.05), thedel was reduced to main effects only. Under the

latter model odds ratios (OR) for Rooting area Bridker were found to be constant.

Prob(present in area|Root))/(1—Prob(present in area|Root))

ORgoot =

Prob(present in area|NoRoot))/(1—Prob(present in area|NoRoot))

Estimates for the root of OR were obtained direedponentiation of the estimated root effect, i.e.
ORo=€°% ™ and similarly for drinker. The 95% confidenageirvals for the odds ratio were
computed after first computing a 95% confidencerivdl for the main effect on logistic scale (lower
bound, upper bound) and then with exponentiatioth@bounds to confidence interval

OR= (éower bound éjpperbounj

The other days averaged fouling scores per arepgpewere analysed in two steps. First the t¢B)ls

of fouling scores averaged over the eight areas wealysed with a logistic regression model to
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determine the proportions of total scores relaivhe maximum total score of 32. This approach is
similar to the analysis of the average number gé.pThent denotes the expected proportion and
var(Z) = 32¢n(1 —m) .

In the second step average fouling scores penveeeaanalysed dependant of the total fouling sobre
the pen, using the logistic regression approackiasino the analysis of the average number of pigs.
Thenn stands for the expected fouling proportion fordhea.

All calculations were performed with GenStat (VSiternational, 2012)

3. Reaults

Figure 2 shows the predicted proportion for octiopeof the outdoor run after fitting a logistic ol
allowing for interaction between Rooting area amahker.

Since the logistic model with Rooting area x Drinkgteraction resulted in no significant interaatio
(P>0.05), the interaction was dropped from the rhotiee main effects estimated for Rooting area and
Drinker, as calculated odds ratios with 95% confaeintervals are shown in table 1 together with
corresponding standard errors (s.e.).

More pigs occupied the Area 2 solid floor aftenadd been converted to a rooting area. The sldtied f

in Area 3 contained more pigs when a rooting aras present. In addition, more pigs occupied the
outdoor run in pens with rooting areas than imspegithout a rooting area. Fewer pigs were preisent
area 3 of pens with an additional outdoor drinket mnore in area 4 (with drinker) compared to pens
without additional drinker.

Figures 3 and 4 provide an indication of the numlodipigs in the outdoor run and in the rootingpare
throughout the day. It also provided an indicatiéthe attractiveness of the rooting area and & pta

outdoor activity in the late afternoon.

Predictions of the percentage fouling for each arehfor total pen area were calculated from ttiedi
logistic model including interaction. These preitios including standard errors are presented urdig

5 (outdoor) and figure 6 (indoor).
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Since interaction was significant for area 8 thd=ihtio for the comparison between drink and rakdr
differs according to the presence or lack of raptinea and is similarto the odds ratio for comparin

root with no root. The interaction was exploredtésting pairwise differences between treatment mean
on the logistic scale using t-tests. The calcul&adlues showed:

- a significant (P<0.05) effect of Drinker on aB#ouling only when no rooting area was provided.
The odds ratio for Drink versus Nodrink is sigrdfitly larger than 1. Effect of Drink using a rogfin
area points in the opposite direction, but wassignificant;

- a significant (P<0.05) effect of Rooting areaawaa 8 fouling only when an extra drinker was
provided. The odds ratio for root versus no raosignificantly smaller than 1. Effect of root ugino

drinker points in the opposite direction, but was significant.

Since interaction was not significant for the areas 7 the logistic model with main effects exéhgl
interaction was fitted. The estimated dispersioapeter varied from 0.04 to 0.38. The estimatechmai
effects with standard errors (s.e.), P-values@bprodds ratios (OR) with 95% confidence intenzaiks
presented in table 2.

Floors were cleaner in pens where a rooting areapsesent, mainly due to a cleaner area 2. Areas 1
and 3 had higher fouling scores in the preseneerobting area. However, 10% of the pens of Root
area 2 had fouling scores 3 and 4 indicating tlarooting area had become a “toilet” (Figure 7), a
preferred location for urination and defecation.

The slatted floor in Area 4 (outdoors) was cleamleen it contained an extra drinker. The indoor srea
5, 6 and 7 were al dirtier in the presence of adaar drinker.

The predicted means for proportional pen foulingtfie treatments Noroot Nodrink, Noroot Drink,
Root Nodrink and Root Drink were respectively 438.1, 37.4 and 40.1% with s.e. 1.3 and significant
differences for Rooting area (P<0.001) and Drirn(leer0.011) and no significant interaction. This
means that provision of a rooting area reducesngn total fouling score and provision of an extra

drinker increases the total fouling score per pen .
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4. Discussion
The main objective of the experiment was to impritnehygiene of the outdoor run of pens for organic

growing-finishing pigs by providing attractive emmental enrichment. As stated by Stolba and
Wood-Gush (1989) and Baxter (1984) pigs separatetional areas and if an area is “occupied” by
other activities then the pigs search for an adtéve excretion area. The experiment resulted in
improvement of the cleanliness of the solid flabRioot, but it was not totally clean: In 10% ofsea

the pigs used the rooting area as a dunging akaame groups kept the rooting area clean, butitised
as a lying area. This confirms the conclusionsIse@et al. (2001) that the preferred dunging erea
away from the roughage. We did not collect spedaifiormation on rooting behaviour, but it was

obvious that the pigs became very active with thstf fibrous material provided around 9 am.

The majority of dunging behaviour took place in thedoor run as found by Olsen et al (2001) . This
occurred especially in the slatted far end of thieloor run behind the partition of the rooting af@ea
3) in the pens with a rooting area. The distanomfthe lying area in the kennels to the outdodtesda
area was 10 m, which is within the preferred raofgeto 15 m suggested by Stolba and Wood-Gush
(1989). In pens without a rooting area use of a&eatrated dunging area was less pronounced. A
partition alone could also restrict dunging behavim the slatted area and prevent dunging ondle s
floor. Subsequently, the solid floor at the rogtarea location can become a complicating factor by
becoming an attractive alternative dunging areauidtht become necessary to stimulate activities lik

rooting and exploration there to prevent dungingrensolid floor.

Indoor pens with only an indoor drinker resultedé&haviour similar to that described by Hacker et a
(1994): The pigs eat, drink, urinate and defeaai fixed sequence. After drinking the pigs go iolgts
to urinate and defecate. The slatted indoor flagreéns with an outdoor drinker had double fouling
scores compared to pens with only an indoor drirlkéine pigs don't use the indoor drinker thisaare
becomes a safe secluded place for the vulneraklggroduring excretion (Baxter, 1984). The animals
did not seem to use the indoor drinker when thexe an outdoor drinker available, however water

usage was not recorded. Possible reasons for enefefor the outdoor drinker could include the
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outside climate, less competition outdoors or the sf the outdoor drinking bowl compared to the
smaller indoor bowl. From the viewpoint of the fagmer indoor dunging is undesirable behaviour and
can be prevented by maintaining only an indoorkiinign bowl, so that pigs only drink from this indoor
drinker and keep the indoor area clean. When te is used for drinking or other specific behavibu

will not be regarded by the pigs as potential dnggirea.

In pens with 2.3 m2 per finishing pig and 60% sdlibr it is crucial to understand the sequence of
behaviours and offer pigs specific functional afeadying, eating, dunging and exploration. Sto#ral
Wood-Gush (1989) confirmed this separation under stural conditions. In this experiment the pigs
seemed to have a fixed route from lying to eatifrgnking, defecating and urinating, exploration and
back to the lying area, as stated by Hacker €t%94). Only when we offer pigs a pen with funcdbn
areas can they perform their natural behavioursaparate dunging from other behaviours and so

minimize fouling within the pen.

5. Conclusions

A rooting area replenished daily with fresh chophasrne hay on the solid floor of the outdoor run
attracted more pigs to spend time outdoors anddwggl the cleanliness of the total pen and partilyula
the outdoor run.

An additional outdoor drinker resulted in a cleaarya around the drinker, but reduced cleanliness

indoors.
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Table captions:

Table 1. Estimated main effects of presence of paysarea of the outdoor run with standard errex)s

P-value effect and estimated odds ratios with spoading 95% confidence intervals

Table 2. Estimated main effects on pen foulinggrea with s.e., P-values (tprob), calculated odds

ratios with 95 % confidence intervals

Figure captions:

Figure 1. Layout of the room with 4 pens on eade;sthe upper left pens show the area codes used in

this study with areas 1 and 8 always on both sifi¢ise exit.

Figure 2. Predicted % presence with standard efiroms fitting logistic model with interaction beter

Rooting area and Drinker.

Figure 3. Proportion of pigs present in the 4 asddahe outdoor run per treatment combination based

on the predicted values per hour with standard®rro

Figure 4. Proportion of pigs present in area zefdutdoor run per treatment combination baseden t

predicted values per hour with standard errors.

Figure 5. Predicted percentages pen fouling petamutarea with standard errors from fitted logistic

model with interaction

12
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Figure 6. Predicted percentages pen fouling pexdndrea with standard errors from fitted logistic

model with interaction.

Figure 7. Distribution of fouling scores of arefoR the treatments Noroot and Root.
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Table 1

Table 1. Estimated main effects of presence of pigs per area of the outdoor run with standard error

(s.e.), P-value effect and estimated odds ratios with corresponding 95% confidence intervals

Root vs Noroot Drink vs Nodrink
Area Effect (se) P-value” odds ratio Cl odds ratio Effect (se) P-value odds ratio Cl odds ratio
Area 1 -0.15 (0.11) 0.182 0.86 (0.69,1.08)  0.12(0.11)  0.293 1.12 (0.90, 1.41)
Area 2 0.82(0.18) 0.000 2.28 (1.56,3.32)  -0.32(0.17)  0.080 0.73 (0.51, 1.04)
Area 3 0.41 (0.08) 0.000 1.50 (1.26, 1.79) -0.30 (0.08) 0.001 0.74 (0.62, 0.88)
Area 4 0.05 (0.09) 0.563 1.05 (0.88, 1.27) 0.32(0.0.9) 0.002 1.37 (1.14, 1.66)
Total outdoor 0.31(0.10) 0.003 1.36 (1.12, 1.65) -0.06 (0.09) 0.534 0.94 (0.78, 1.14)

DP-value, referring to an F-distribution, correcting for the remaining main effects



Table 2

Table 2. Estimated main effects on fouling scores with se, P-values, calculated odds ratios with 95 %
confidence intervals from reduced model with main effects only.

Root vs Noroot

Drinker vs Nodrinker

Effect(se) P-value”  odds Cl odds ratio Effect(se) P-value odds Cl odds ratio
Area ratio ratio
Area 1 0.21 (0.06) 0.002 1.24 (1.09, 1.40) -0.21 (0.06) 0.002 0.81 (0.72, 0.92)
Area 2 -0.84 (0.18) 0.000 0.43 (0.30, 0.63) 0.14 (0.17) 0.429 1.15 (0.81, 1.63)
Area 3 0.19 (0.04) 0.000 1.20 (1.10, 1.32) -0.03 (0.04) 0.429 0.97 (0.88, 1.06)
Area 4 0.21(0.12) 0.092 1.23 (0.96, 1.57) -0.80 (0.12) 0.000 0.45 (0.35, 0.56)
Area 5 0.14 (0.25) 0.582 1.15 (0.69, 1.92) 0.76 (0.27) 0.010 2.15 (1.22, 3.76)
Area 6 -0.93 (0.45) 0.051 0.40 (0.16, 1.00) 1.21(0.48) 0.019 3.35 (1.25, 9.00)
Area 7 0.10 (0.112) 0.356 1.11 (0.89, 1.39) 1.07 (0.12) 0.000 2.92 (2.28, 3.73)
Area 8 Root x drink interaction
Total area -0.29(0.05) 0.000 0.74 (0.67,0.83)  0.15(0.05) 0.011 1.16 (1.04, 1.50)

DP-value, referring to an F-distribution, correcting for the remaining main effects
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Figure 5
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Figure 7
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