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Stellingen 

1. De lengte van het interval spenen-bronst is gerelateerd aan de worpgrootte en 
het partuspercentage in de volgende reproductiecyclus. Het interval spenen-bronst 
is dus niet alleen van (economisch) belang in verband met het aantal verliesdagen. 
Dit proefschrift. 

2. Reductie van de toom tot de zes lichtste biggen vanaf één week voor spenen 
heeft, tegen de verwachting in, geen significant effect op het interval spenen-bronst 
en de worpgrootte in de volgende reproductiecyclus. 
Dit proefschrift. 

3. Het overslaan van de eerste bronst na spenen bij eersteworpszeugen is zinvol. 
Dit proefschrift. 

4. In tegenstelling tot bij eerste- en tweedeworpszeugen is er bij meerdereworpszeu-
gen geen relatie tussen gewichtsverlies tijdens de zoogperiode en lengte van het 
interval spenen-bronst gevonden. 
Dit proefschrift. 

5. Door het aanpassen van de inseminatiestrategie van zeugen aan het interval 
spenen-bronst zijn de resultaten van inseminaties te verbeteren. 

6. Groepshuisvestingssystemen met grote dynamische groepen (de "eerste genera
tie groepshuisvestingssystemen") zijn nadelig voor de reproductie en het welzijn van 
de daar in gehuisveste eerste- en tweedeworpszeugen. 

7. Het is geen toeval, dat in 1991, het jaar waarin de varkensziekte PRRS (Porcine 
Reproductive and Respiratory Syndrome) voor het eerst in Nederland werd vastge
steld, de Pestvogel (Bombycilla garruius) weer in Nederland werd waargenomen. 

8. De belasting van het milieu en de kans op voedselschaarste zijn vooral een 
gevolg van de bevolkingsgroei. Het afzien van nageslacht is dan ook het meest 
effectieve wapen tegen milieuvervuiling. 
( Vrij naar Midas Dekkers). 

9. Hoewel de gebarentaal die tijdens bepaalde verkeerssituaties tot expressie komt 
het tegendeel doet vermoeden, is het gevolg van dergelijke verkeerssituaties juist 
libidoverlagend. 

10. Het schaatsen op kunstijs, ofwel het monotoon rondjes draaien in een prikkelar-
me omgeving, wordt steeds meer beoefend en is daarmee een belangrijk maat
schappelijk signaal, daar een dergelijke stereotypie op een gestoord welzijn wijst. 
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PREFACE 

It seems likely that the over the years enhanced level of sow production has a 

biological limit. However, there is no proof that this limit has been reached yet. It is 

challenging to find out what factors are limiting further enhancement of sow produc

tion and to find ways to overcome these limiting effects. 

Whether sow production can be improved further or not, does not seem the 

question to be answered. The question to be answered rather seems to be: how to 

improve sow production without risk of harming the well being of the sow and her 

piglets and without negative effects on the environment. For these items are the 

reason for some individuals or groups in our society to question research into further 

improvement of sow production. The disapproval of further enhancement of sow 

production seems to be fed by the impression that high production always conflicts 

with the well being of animals and the protection of the environment. In general, 

improvement of biological production does not seem to be ethical nowadays and 

has become obsolete, whereas it is accepted for many other kinds of (industrial) 

production. 

Addressing the issue from a product point of view, it rather seems ethical to 

produce as efficient as possible as long as animal well being is not at pressure. 

Sustainable agriculture in general and pig husbandry in particular, seems availed 

with a high and efficient production. A high and efficient production reduces the 

input of raw materials, like feed components and energy, per unit of product. The 

waste production, like nitrogen, phosphorus, ammonia and carbon dioxide, per unit 

of product is smaller with a high and efficient production. From this point of view, 

further improvement of sow production will be helpful towards sustainable agricul

ture. 
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GENERAL INTRODUCTION 

SOW PRODUCTION PERFORMANCE INDICATORS 

Sow production, or the number of piglets produced per sow per year, is depending 

on the length of the reproduction cycle, the number of piglets born alive and the 

piglet mortality rate. The length of the average reproduction cycle of sows is 

depending on the length of the gestation period, the length of the lactation period, 

the weaning to first service interval, the first to last service interval and the number 

of non productive days of sows not culled directly after weaning, but before the 

production of a next litter. 

The length of the gestation period is reasonably precise, approximately 112-116 

days, depending on breed, litter size and season (First et el., 1982). There are no 

possibilities for substantial reduction of the gestation period. The length of the 

lactation period is depending on farm management and can be changed easily. The 

lactation period should be at least three weeks and not more than five weeks, to 

maximise the number of piglets per sow per year (Aumaître et al., 1976; Varley, 

1982;Xueetal., 1991). 

The weaning to oestrus interval (WOI), the interval from the day of weaning up to 

and including the first day the sow is showing standing heat, is part of the normal 

reproductive cycle of the sow. It is common practice to breed sows during their first 

detected oestrus and, therefore, the WOI is comparable with the, in sow records 

available, weaning to first service interval. A WOI of 4 or 5 days is common and 

strived for in current sow farming. The first to last service interval is depending on 

the percentage of sows not farrowing from the first service after weaning and served 

again in the second or a next cycle after weaning. These non productive days 

increase the average length of the reproduction cycle of sows on a farm. Non 

productive days are also caused by sows, not culled shortly after weaning, but 

before bringing a next litter. Anoestric sows and sows culled after an abortion or 

when found not pregnant, are examples of sows causing these non productive days. 

WOI, farrowing rate from first service, number of piglets born alive and piglet 

mortality are the paramount important performance indicators for sow production. 

13 



Chapter 1 

WEANING TO OESTRUS INTERVAL (WOI) 

Results from the period before 1980 show that the length of the WOI at farm level 

was between 11.5 and 20.5 days; looking only at lactation periods of less than 5 

weeks the WOI was between 13.5 and 20.5 days (Van der Heyde et al., 1974; 

Aumaître et al., 1976; Bisperink, 1979; Fahmy et al., 1979). 

In current sow farming, with lactation periods of three to four weeks, the WOI is 

much shorter than one would expect from the results in the late 1970s. The WOI as 

average of the annual results of minimal 600 Dutch sow farms between 1987 and 

1994 are presented in Table 1. The farms used the management information system 

CBK® or TEA® (SIVA-produkten BA). The average WOI in 1987 was 8.6 days and it 

decreased to 7.0 days in 1994. The WOI was slightly increased during 1991, which 

can be attributed to the Porcine Respiratory and Reproduction Syndrome (PRRS) 

epidemic that year. After this epidemic, PRRS became endemic and the effects of 

the disease became less pronounced. 

Table 1. The weaning to oestrus interval (WOI) in days of farms that used the 
management information system: CBK® or TEA (SIVA-produkten BA) and 
released their results to produce surveys. 
Year 

WOI 

1987 

8.6 

1988 

8.0 

1989 

7.5 

1990 

7.3 

1991a 

7.9 

1992 

7.4 

1993 

7.0 

1994 

7.0 

Results from MIS: TEA® and CBK* (Siva-produkten b.a., Wageningen, the Netherlands). 
a ln 1991 Porcine Respiratory and Reproduction Syndrome became endemic in the Netherlands. 

In 1990, in the Netherlands, the average WOI on 660 sow farms using the CBK® 

programme (Siva-produkten b.a., Wageningen, the Netherlands), was 7.3 days (sd: 

1,74; min.: 4,9 en max.: 18,6). In the same year, 1990, in the United States and 

Canada, the WOI on 463 of the 1351 farms using the Pig CHAMP® programme, was 

7.7 days (sd: 4,79; min.: 4,1 en max.: 66,2) (Marsh et al., 1992). 

The WOI during the last decade is much shorter than it was during the 1970s. This 

reduction in WOI has led to a shift in the distribution of sows after WOI (or after first 

day of standing heat after weaning; Figure 1). In Figure 1, the results of the re

search farm of the Research Institute for Pig Husbandry, Rosmalen, the Nether-
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General introduction 

lands, over the year 1995, are presented together with results found in the 1970s 

(Fahmy et al., 1979). The average WOI in the 1995 data from the Rosmalen 

research farm was 5.8 days (8.1 days for primiparous and 5.1 days for multiparous 

sows). In the data of Fahmy et al. (1979) the average WOI was 18.7 days. 
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Figure 1. Frequency distribution of weaning to oestrus intervals in sows. 

In the 1995 data, the percentage of sows with a WOI of 4 and 5 days was much 

higher than in the data from the 1970s. The percentage sows with a WOI longer 

than 5 days was higher in the data from the 1970s. The distributions are both 

truncated. Fahmy et al. (1979) reported that 12.9% of the primiparous sows did not 

show oestrus before day 50 after weaning and were culled. Culling for this reason at 

the research farm Rosmalen during 1995 was much lower: 1.4% (4.75% of the 

primiparous sows and 0.4% of the multiparous sows). In the 1995 data these sows 

were culled at day 40 after weaning; ten days earlier. 

Factors that contributed to the reduction in weaning to oestrus interval 

Factors that have contributed to the reduction of the WOI to the current level are: 

changes in the genetics through selection, increase in heterosis through the 

increased use of cross bred sows, changes in management with regard to feeding, 

15 
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Chapter 1 

housing and animal care and the use of oestrus inducing hormones. 

There are differences in WOI between breeds and crossbreds (Burger, 1952; 

MacLean, 1969; Dyck, 1971, 1972, 1974; Legault, 1975; Fahmy and Dufour, 1976; 

Bisperink, 1979). It is possible to reduce the length of the WOI by selection (Napel 

et al., 1995). Crossing of pure lines results in a reduction of the WOI due to hetero

sis; Legault (1975) calculated an heterosis for this trait of -17,8%. 

Fahmy (1981) reviewed the most important factors influencing the WOI, but it is not 

possible to get a clear view to which extent the different factors contributed to the 

reduction of the WOI over the years. Management factors like: improved housing 

during the lactation period and in the mating area, changes in feeding management 

during the lactation period and after weaning, improvements in feed composition 

and improved boar contact, are some of the important factors. 

In the 1970s possibilities to reduce the length of the lactation period to improve 

sow production, or the number of piglets produced per sow per year, were studied 

(Varley, 1982). Van der Heyde et al. (1974) showed that reduction of the lactation 

period resulted in an increase in WOI; a lactation period of five weeks and more 

resulted in a WOI of 11.4 days, whereas a lactation period of less than five weeks 

resulted in a WOI of 13.6 days (results of first parity sows not included). Similar 

results were found in the Netherlands (Anonymous, 1980), but in this case the 

results of first parity sows were included; a suckling period of 25 ± 3 days resulted in 

a WOI of 13.4 days and a suckling period of 39 ± 3 days in a WOI of 11.7 days. The 

length of the lactation period in conventional production systems was, at that time, 

about six to eight weeks. The increase in WOI due to reduction in length of the 

lactation period, was an undesired side-effect. 

The use of oestrus inducing hormones may have contributed to the reduction of the 

WOI. From Figure 1, we can see that over 90% of the sows in the 1995 data 

returned to oestrus before day 8 after weaning. Treatment with oestrus inducing 

hormones was performed at day 8 after weaning in the remaining 10% of sows (23% 

of the primiparous sows and 4% of the multiparous sows). In the data of the 1970s, 

33.4% of the sows showed oestrus during the first week after weaning. Using the 

same strategy for oestrus induction as used in 1995, in the 1970s 66.6% of the sows 
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General introduction 

would have been treated with oestrus inducing hormones. The effect on the length 

of the WOI oestrus inducing hormones will have had in the 1995 data, is limited 

compared with the effect that would have been possible in the data of the 1970s. 

The possible effect, oestrus inducing hormones may have on the WOI, is decreas

ing over the years 

New aspects concerning the weaning to oestrus interval 

In current sow farming the WOI is short: six to seven days (Table 1; Figure 1). It is 

possible to achieve a negative WOI, when sows are showing their first oestrus 

already during lactation. With a lactation period of three to four weeks, sows seldom 

show oestrus before weaning and management strategies to get sows in oestrus 

during lactation are not promising (Vesseur et al., 1995). 

Indications that even a slightly prolonged WOI has consequences for sow produc

tion in terms of farrowing rate (FR) and litter size (Leman, 1990), is, besides the 

high culling rates as found in primiparous sows and the high use of oestrus inducing 

hormones, the major reason for renewed attention for variation in WOI. Leman 

(1990) analysed data of 66 farms and found that the length of the WOI seemed to 

have consequences for the technical results (FR and litter size) of the, in most 

cases, natural matings (see Figure 2). Consequences attributed to differences in 

WOI in field surveys, however, could be influenced by differences in mating fre

quency, semen quality of the boars used for natural matings and management. 

The increase in litter size, like Leman (1990) showed for sows with a WOI of more 

than 15 days, has also been reported before by Love (1979); in primiparous sows, 

and by Fahmy et al. (1979). Fahmy et al. (1979) could not attribute the enhanced 

litter size to an increased number of ovulations. Van der Heyde et al. (1974) showed 

the FR to be the highest for sows with a WOI of four days and that it was lower in 

sows with a slightly prolonged WOI. The smaller litter size in sows with a slightly 

increased WOI of six to ten days, as published by Leman (1990), has not been 

reported before. 

Many sows are, from an economic point of view, culled too early; 14% of the sows 

is already disposed of after the first litter (Dagorn and Vaudelet, 1993). Primiparous 
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F/gure 2. Litter size and farrowing rate after weaning to service interval (Leman 
(1990). Farrowing rate was only published for sows with a weaning to service 
interval up to 11 days. 

sows are in 50% of the cases culled for reproduction reasons like anoestrus or 

repeat breeding (Dijkhuizen et al., 1989; Dagorn and Vaudelet, 1993; MLC, 1993; 

MLC, 1995). Particularly primiparous sows are likely to have a prolonged WOI or 

even become anestrous. The use of oestrus inducing hormones is higher in primipa

rous sows compared with higher parity sows. 

OBJECTIVES FOR THE THESIS RESEARCH 

The objectives of the research in this thesis were: 

1. Assessment of the consequences of variation in WOI for farrowing rate and litter 

size, under controlled circumstances. 

2. Assessment of the factors causing variation in WOI and of the mechanisms 

explaining the subsequent effects on farrowing rate and litter size. 

3. Research into intervention strategies that may influence the length of the WOI, 

subsequent litter size and farrowing rate, or both. 

18 



General introduction 

RESEARCH PERFORMED FOR THIS THESIS 

The relations between WOI and sow production, farrowing rate and litter size, are 

investigated using the database of a 390 sow research farm (Chapter 2 of this 

thesis). On this research farm production took place under controlled circumstances. 

For service only AI was used. Semen doses were checked on morphology, motility 

and concentration of spermatozoa by the commercial AI station that was providing 

the semen doses. 

Differences in farrowing rate and litter size between sows with a WOI of four, five 

or six days were reported in Chapter 2. To find out whether these differences were 

influenced by insemination strategy, an experiment was conducted. In this experi

ment two inseminations were performed with a 24 h interval, at a fixed time during 

the day. Semen of two different, on their offspring recognisable, boar breeds was 

used for first and second insemination respectively and in reverse order. This way 

the offspring produced within this experiment could be traced back to the insemina

tion (first or second). The number of piglets from each of the inseminations, first or 

second, and the distribution of litters after litter type (all piglets from first insemina

tion, mixed or all piglets from second insemination) were analysed. Other factors 

that may influence the number of piglets born from each of the inseminations were 

taken into account (Chapter 3 of this thesis). 

An observational study into the factors associated with a prolonged WOI, was 

performed. The purpose was to find the most promising ways to influence the WOI 

and/or the consequences of variation in WOI for litter size and farrowing rate 

(Chapter 4 of this thesis). Effects on the WOI of parity, sow body weight at different 

moments and body weight loss during lactation, loss in backfat thickness, housing 

system, breed, season and litter size at weaning, were studied. 

Split-weaning was expected to affect both body weight loss and number of piglets 

at weaning and, therefore, seems a perspective way to influence the WOI, certainly 

in first and second parity sows. An experiment with split-weaning was conducted 

(Chapter 5 of this thesis). 

Because in the observational study of Chapter 2 an increased production in sows 
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Chapter 1 

with a WOI of 19 days or more could be expected, therefore, an experimental study 

was designed to deliberately prolong the WOI (Chapter 6 of this thesis). The 

objective of this study was to find out whether skipping one oestrus, to inseminate 

during the second oestrus after weaning, results in a comparable, or even higher, 

litter size. 

In Chapter 7, the results of the research for this thesis are discussed in relation to 

the relevant physiological and hormonal mechanisms that play a role in the regula

tion of sow reproduction. The practical implications are given (Chapter 7). 
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THE EFFECT OF THE WEANING TO OESTRUS INTERVAL 

ON LITTER SIZE, LIVE BORN PIGLETS AND FARROWING RATE IN SOWS. 

P. C. Vesseur1, B. Kemp2 and L.A. den Hartog1. 

1. Research Institute for Pig Husbandry, Rosmalen, the Netherlands 

2. Agricultural University Wageningen, Department of Animal Husbandry. 

Wageningen, the Netherlands. 

INTRODUCTION 

The weaning to oestrus interval (WOI) is an important trait (Burgers, 1952; Van der 

Heyde et al., 1974; Aumaitre et al. 1976; Fahmy et al., 1979; Fahmy, 1981). 

Currently the average number of non productive days, caused by a prolonged WOI, 

is low, but ranges are wide. In 1990, 463 users of the PigCHAMP program had a 

mean WOI of 7.7 days (se: 2.19; minimum: 4.1 and maximum: 66.2), (Marsh et al., 

1992) and 660 users of the Dutch CBK program (SIVA-produkten BA) had a mean 

WOI of 7.3 days (se: 1.74; minimum: 4.9 and maximum: 18.6). 

Fahmy et al. (1979) concluded that litter size increased with an increasing weaning 

to conception interval. Love (1979) and King et al. (1982) found an enhanced parity 

2 litter size when the WOI was greater than 12 days. Van der Heyde et al. (1974) 

found a decreased farrowing rate when the WOI was 8 days or more as compared 

to a WOI of 5 days, sows weaned after 35 days of lactation and bred at day 10 or 11 

after weaning showed very low farrowing rates. Leman (1990) pointed at the 

possibility of poor results when the WOI was prolonged up to 8 (litter size) or 9 days 

(farrowing rate) compared to shorter intervals and better results again when the 

interval became longer. In a retrospective study, the effect of the WOI on subse

quent reproductive performance of first and higher parity sows was investigated. In 

the analyses, models with relevant factors and two-way interactions between these 

factors were used. 
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MATERIAL AND METHODS 

Data of the research farm of the Research Institute for Pig Husbandry at Rosmalen 

were used for the analyses. On this closed 390 sow farm two types of crossings 

were used: a three-way crossing, with Dutch landrace (N) and Duroc (D) sow lines, 

and a rotation-crossing (R), with Dutch landrace (N), Great Yorkshire (Y) and 

Finnish landrace (F) sow lines. A Great Yorkshire boar line (Ys) was used in both 

crossings for slaughter pig production. 

Three housing systems were used on the farm: girth tethered sows, sows housed 

in crates and sows housed in a big (60-70 sows) continuous changing group with 

electronic identification and fed with two automatic feeder stations. The housing 

differed only during gestation, from about one month after insemination until one 

week before farrowing. Sows always returned to the system they came from. The 

number of sows in each system was about 130. Treatment in the farrowing house 

was the same for all sows, weaning took place at about 28 days after farrowing. 

On the farm only artificial insemination was used, sows were inseminated when 

showing standing heat for the man. If still standing for the man the next day, a 

second insemination was performed. 

Selection of data 

Data of 3520 farrowings, from June 1987 until May 1992, followed by a WOI, were 

used. From February until July 1991 the results on the farm were influenced by an 

outbreak of PRRS (Porcine Respiratory and Reproduction Syndrome) and therefore 

the inseminations performed in this period and those that would result in a farrowing 

in this period, were excluded from analysis. Records (n=369) of sows treated with 

hormones to induce heat, were also excluded. The analysis of the effect of the WOI 

on litter size (total born and live born) was started with 2618 records. The period for 

farrowing rate was chosen shorter to be sure sows were able to complete a repro

duction cycle, leaving 2317 records for this purpose. 
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Statistical methods 

Litter size (born alive, stillborn and mummies) and number of live born piglets were 

subjected to analysis on factors and interactions, using the following model: 

y = u + x, + x2 + x3 + x4 + e. 

y = dependent variable 

u = overall mean 

x, = WOI (0-3, 4, 5, 6, 7, 8, 9-12, 13-18 and s19 days) 

x2 = parity (2, 3, 4, 5, 6, 7, 8 and s9)1 

x3 = housing system (girth tethered, crate housed and group housed) 

x4 = breed (N, DN, FYN, NFYN, YNFYN and FYNFYN) 

e = error 

Using SAS-GLM (SAS, 1989), factors and interactions were tested for significance 

and omitted from the model in a stepwise fashion, leaving only factors and interac

tions with a less than 10 percent level of confidence. 

The farrowing rate, being a binary trait, was analysed using the multivariate logistic 

regression method: SAS-LOGISTIC (SAS, 1989). The strategy described by Hosmer 

and Lemeshow (1989) was followed. In summary, an univariate one way analysis 

was performed and variables showing a P-value of less than 0.25 were put in a 

multivariate model. Stepwise deletion of least significant variables was performed 

until all variables showed a P-value of less than 0.20. Checks for confounding 

consisted of comparison of regression coefficients from two runs: if ß's changed 

more than 25% or at least 0.1, confounding was assumed to be present. Subse

quently, interactions between the remaining variables were evaluated by adding 

them, one by one, to the model and check on improvement of the model fit (2 log 

likelihood test; P<0.25). The estimated coefficients can be used to calculate odds 

ratio's (OR). The OR is defined as the ratio of the odds for x=1 (farrowing) to the 

odds for x=0 (not farrowing) and calculated as eß\ A 95% confidence interval is 

calculated as eß,±196"se (se = standard error). Parity was classified as 1 (first parity 

sows) and 0 (second and higher parity sows). 

' Because the effect of the WOI on the results of the following production cycle was of interest, 
the parity count of sows was enhanced after weaning. 
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RESULTS 

The effect of the weaning to oestrus interval on litter size 

Stepwise reduction of the model for litter size with not significant factors and interac

tions, resulted in a model composed of parity (P<0.001), breed (P<0.001) and WOI 

(P<0.05). Interactions were not significant. The R2 of the model was 10.2%, the P 

value is <0.0001, the Root Mean Square Error was 2.848 and the mean litter size 

was 11.48. 
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Figure 1. The influence of weaning to oestrus interval on litter size (LSMeans). 

Figure 1 shows the effect of the WOI on litter size. Litter size was decreasing from 

11.9 piglets at a WOI of 4 days, to 11.1 piglets at a WOI of 8 days (P<0.06). When 

the WOI became longer than 9-12 days, the litter size increased. It was enhanced to 

13.5 piglets after a WOI of 19 or more days, which was more than after a WOI of 5, 
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6, 7, 8 or 9-12 days respectively (P<0.01) and more than after a WOI of 4 or 13-18 

days respectively (P<0.05). 

The influence of parity on litter size is shown in Table 1. The second litter is 

smaller than the third or next litter (P<0.001) and the third litter is smaller than the 

fourth (P<0.05) or fifth, sixth or seventh litter (P<0.001). 

The influence of breed or crossing on litter size is shown in Table 2. The purebred 

Dutch landrace (N), used to produce new purebred sows and crossbred sows with 

Duroc (DN), produces smaller litters than all other breeds (10.4, se: 0.28, P<0.001). 

The litter size of the FYNFYN rotation crossing sow is comparable with that of the 

DN crossbred sow and bigger than other breeds (12.9, se: 0.41, P<0.01). 

Table 1. The influence of parity on litter size (LSMeans). 

3 4 5 6 7 8 ^9 

11.4b 11.9° 12.2e 12.3e 12.4e 11.9bc 11.6bc 

447 369 288 202 152 96 60 

0.21 0.23 0.25 0.27 0.30 0.34 0.42 

Means within a row lacking common superscript letter differ (P<0.05) 

Table 2. The influence of breed on litter size (LSMeans). 

parity 

litter size 

n 

Standard Error 

2 

10.2 

447 

0.18 

breed 

litter size 

n 

Standard Error 

N 

10.4a 

149 

0.28 

NFYN 

11.4b 

475 

0.22 

YNFYN 

11.8bc 

136 

0.31 

FYN 

11.7b 

570 

0.20 

FYNFYN 

12.9" 

67 

0.41 

DN 

12.2* 

664 

0.19 

Means within a row lacking common superscript letter differ (P<0.01). 

The effect of weaning to oestrus interval on number of live born piglets 

Stepwise reduction of the model for the number of live born piglets with not signifi

cant factors and interactions, resulted in a model composed of parity (P<0.001), 

breed (P<0.001) and WOI (P<0.05). The R2 of the model is 6.3%, the P value is 

<0.0001, the Root Mean Square error is 2.797 and the mean number of live born 

piglets is 10.65. 
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Figure 2 shows the effect of the WOI on the number of live born piglets. The 

number of live born piglets after a WOI of 6 days (10.4) was 0.3 piglets lower than 

after a WOI of 5 days (10.7) (P<0.05). The number of live born piglets after a WOI 

of 19 days or more (12.5), was higher than after a WOI of 5, 6, 7, 8 or 9-12 days 

respectively (1.8, 2.1, 2.1, 2.3 and 2.5 piglets respectively) (P<0.01) and also higher 

than after a WOI of 4 or 13-18 days respectively (1.7 and 1.6 piglet respectively) 

(P<0.05). 
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Figure 2. The influence of the weaning to oestrus interval on number of live 

born piglets (LSMeans). 

The influence of parity on the number of live bom piglets is shown in Table 3. The 

number of live born piglets in the second litter (9.8) was more than one piglet lower 

than the number in the third up to the seventh litter (P<0.01). The number of live 

born piglets in the eighth litter (10.1) was also lower than in the third up to the 

seventh litter (P<0.05), but comparable with that of the second litter. 
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Table 3. The influence of parity on the number of live born piglets (LSMeans). 

parity 

live born piglets 

n 

Standard Error 

2 

9.8a 

447 

0.18 

3 

10.9b 

447 

0.21 

4 

11.1" 

369 

0.22 

5 

11.2b 

288 

0.24 

6 

11.2b 

202 

0.26 

7 

11.0b 

152 

0.30 

8 

10.1a 

96 

0.34 

;>9 

10.4ab 

60 

0.41 

Means within a row lacking common superscript letter differ (P<0.05) 

Table 4. The influence of breed on the number of live born piglets (LSMeans). 

breed 

live born piglets 

n 

Standard Error 

N 

9.5a 

149 

0.27 

NFYN 

10.5b 

475 

0.21 

YNFYN 

10.7bc 

136 

0.30 

FYN 

10.7"° 

570 

0.20 

FYNFYN 

11.9d 

67 

0.41 

DN 

11.0° 

664 

0.19 

Means within a row lacking common superscript letter differ (P<0.05) 

The influence of breed or crossing on the number of live born piglets is shown in 

Table 4. The number of live born piglets is lower in the pure bred Dutch Landrace 

(N) sows (9.5, se: 0.27), compared with the crossbred sows (10.5-11.9, P<0.001). 

The number of live born piglets in the FYNFYN rotation crossing sow is the highest 

and differs significantly from other crossings (11.9, se: 0.41, P<0.05). 

The difference between the litter size and the number of live born piglets is shown 

in Table 5. There is not much variation in the number of stillborn piglets, the number 

of mummies tends to decrease with an increasing WOI. 

Table 5. The number of live born piglets, mummies and stillborn piglets per 

weaning to oestrus interval class (LSMeans). 

WÖ1 (K3 4 5 6 7 8 JTÏ2 13-18 Ï Ï 9 

n 9 175 Ï263 328 ÏÖ7 63 52 43 21 

born alive 10.57 10.82 10.73 10.39 10.35 10.19 9.99 10.93 12.49 

stillborn 0.86 0.87 0.85 0.90 0.82 0.74 0.89 0.82 0.93 

mummies 0.36 0.19 0.15 0.14 0.15 0.11 0.18 0.09 0.09 
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The effect of weaning to oestrus interval on farrowing rate 

In the univariate analysis, only parity and WOI showed P-values less than 0.25. The 

subsequent multiple logistic regression showed that the interaction between parity 

and WOI improved the fit of the bivariate model significantly (L = 45.083, 9 df, 

P<0.001). Because the interaction between parity and WOI was significant, the 

results should be interpreted at the specified parity levels separately. Results are 

shown in Figure 3 and Table 6. 

First parity sows inseminated at a WOI of 0-3 or 6 days show a significantly 

reduced risk to farrow (higher risk to have a low farrowing rate) when compared with 

first parity sows inseminated at WOI day 5. The same is true for WOI day 9-12. The 

number of sows inseminated at WOI day 0-3 is very low, which is reflected in a high 

standard error. 

Higher parity sows inseminated at WOI day 4 showed a significantly increased risk 

to farrow when compared to higher parity sows inseminated at WOI day 5. Insemi

nation at WOI day 9-12 showed, as in first parity sows, a significantly reduced risk 

of farrowing. The same was true for WOI day >19, however it should be stated that 

the number of sows in the latter category was very low, reflected in a high standard 

error. 

DISCUSSION 

The results of this analysis show the influence of the WOI on sow production in 

terms of litter size, piglets born alive and farrowing rate. The decrease in live born 

(and total born) piglets per litter on WOI day 6 to WOI day 9-12, compared to WOI 

day 5, is an important conclusion from this analysis. Probably due to the number of 

sows per interval class, it is not significant for all classes. 

A WOI of 13-18 or >19 days results in bigger litters and the litters born from 

inseminations performed after 18 days post weaning are even significantly bigger 

than litters from inseminations performed on day 4 or 5 post weaning. Love (1979) 

and King et al. (1982) found an enhanced litter size in second parity sows with a 

WOI greater than 12 days. 
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Figure 3. The effect of weaning to oestrus interval on farrowing rate. 

Table 6. The effect of the weaning to oestrus interval (WOI) on 
(FR) according to multiple logistic regression and corrected for 
variable n FR ß SE P OR 

farrowing rate 
parity class. 

95% CI 
First parity sows 
WOI 0-3 
WOI 4 
WOI 5 
WOI 6 
WOI 7 
WOI 8 
WOI 9-12 
WOI 13-18 
WOI *19 

6 
27 

204 
92 
38 
38 
51 
41 
23 

33.3 
74.1 
85.8 
76.1 
86.8 
81.6 
66.7 
85.4 
82.6 

-2.4906 
-0.7477 
0 
-0.6400 
0.0896 

-0.3094 
-1.1043 
-0.0339 
-0.2393 

0.8889 
0.4828 

0.3161 
0.5201 
0.4640 
0.3584 
0.4852 
0.5855 

0.005 
0.121 

0.043 
0.863 
0.505 
0.002 
0.944 
0.683 

0.08 
0.47 
1 
0.53 
1.09 
0.73 
0.33 
0.97 
0.79 

0.02-0.47 

reference 
0.28-0.98 

0.16-0.67 

Second and higher [ 
WOI 0-3 
WOI 4 
WOI 5 
WOI 6 
WOI 7 
WOI 8 
WOI 9-12 
WOI 13-18 
WOI >19 

8 
139 

1203 
287 
80 
38 
29 
8 
5 

sarity sows 
87.5 
93.5 
87.7 
88.2 
91.3 
84.2 
58.6 
87.5 
40.0 

-0.0182 
0.7062 
0 
0.0429 
0.3805 
-0.2901 
-1.6158 
-0.0182 
-2.3695 

1.0726 
0.3557 

0.2027 
0.4053 
0.4535 
0.3871 
1.0726 
0.9171 

0.987 
0.047 

0.832 
0.348 
0.522 
0.0001 
0.986 
0.010 

0.98 
2.03 
1 
1.04 
1.46 
0.75 
0.20 
0.98 
0.09 

1.01-4.07 
reference 

0.09-0.42 

0.02-0.56 
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The influence of parity on litter size and number of live born piglets makes clear that 

the second litter is smaller than the following litters. The maximum litter size is 

reached at the fourth litter and after the seventh litter, litter size as number of live 

born piglets becomes smaller (the first litter is not looked into in this analysis). An 

important conclusion of this analysis is, that there is no interaction between parity 

and WOI and that the poor results of a prolonged interval cannot be explained by 

parity. The effect of parity on WOI is well described in the literature (Hurtgen et al., 

1980; Karlberg, 1980; Fahmy, 1981; Clark et al., 1986a; Xue et al., 1991); first 

parity and, in a less degree, second parity sows have a longer WOI. The effect of 

parity on litter size is also well described (Clark & Leman, 1986b); second litters are 

smaller than the third up to the eighth litter. The genotype of the sow is also of 

influence on litter size and on WOI, but genotype does not explain the differences 

found and there is also no interaction with the WOI. The pure line Dutch landrace 

sows produce smaller litters than the F1 -crossing with Duroc or the different 

genotypes in the rotation crossing. Heterosis effects are likely to be responsible for 

the differences in litter size and live born piglets between genotypes (Fahmy et al., 

1979; Hurtgen, 1981). The differences in piglet production, found at different WOl's, 

should be explained in an other way. Condition related differences in follicular 

development and LH and progesterone production affecting ovulation and embryo 

survival might be important factors, in which insulin and IGF-1 are suggested to play 

an important role (Dyck, 1974; Veldhuis et al., 1986; Cox et al., 1987; Matamoros et 

al., 1990; Pettigrew & Tokach, 1992). Oestrus expression or oestrus length and 

time of insemination in relation to the time of ovulation is another possibility affecting 

results of inseminations performed at different intervals (Rojkittikhun et al. 1992). 

Reduced follicular development , poor oestrus expression and reduced oestrus 

length may well be linked. Van der Lende & Schoenmakers (1990) found a linear 

increase in number of embryo's with the number of corpora lutea before day 35 of 

pregnancy and concluded that an increase in ovulation rate can result in an in

crease in average litter size. 

The small number of mummies found at WOI day 13-18 and >19, might be a key to 

the explanation of the litter size after a long WOI, it might be in line with lower 
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embryo mortality. 

Sows inseminated between day 9 and 12 post weaning are at higher risk to have a 

low farrowing rate. This is found in both primiparous and multiparous sows (OR: 

0.33 and 0.20 respectively). Together with the small litters, this makes breeding 

sows in heat between 9 and 12 days post weaning, very unsuccessful and should, 

therefor, be avoided. Once a sow comes in heat at this time the only possibilities 

are: culling or breeding at the next oestrus, which is not necessarily a very bad 

alternative. The best strategy however seems trying to avoid prolonged intervals. 

Multiparous sows coming in heat on day 4 post weaning show a high farrowing rate 

(93.5%), the OR being 2.03 and thus they are more likely to farrow than multiparous 

sows inseminated on day 5 post weaning (P<0.05). 

The optimal WOI for multiparous sows is four days and the optimal WOI for 

primiparous sows is five days. First parity sows showing heat for the first time on 

day 6 post weaning, are at risk to have a low farrowing rate. Because of the low 

number of sows in the WOl-classes 0-3 and >19, no sound conclusions can be 

drawn from those results. 

The importance of a short WOI to minimise extra days in order to maximise sow 

production by enhancement of the farrowing index is not in discussion. The reduc

tion of the WOI in practice is often achieved by the use of hormones to induce 

oestrus in animals with a prolonged WOI. Records of sows treated with hormones 

were excluded from this analysis (about 10%, especially first litter sows). 

The extreme good results of sows with a WOI s19 days, in terms of litter size and 

number of piglets born alive, make it worthwhile to look into this in further research. 

Data of Leman (1990) also showed larger litters at WOl's of 15 days and longer. 

Summarising one can state that the weaning to oestrus interval has a clear effect 

on litter size, number of live born piglets and farrowing rate. 
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SUMMARY 

During a five year period, data were collected on a 390 sow pig unit. This unit 

consisted of three 130 sow subunits which only differed in housing system during 

gestation. The data were used to analyse the effects of the weaning to oestrus 

interval (WOI) on litter size, number of life born piglets and farrowing rate. 

Litter size (total born) was gradually decreasing from 11.9, at a WOI of four days, 

to 11.1, at a WOI of eight days (P<0.06). When the WOI was longer than twelve 

days the litter size increased. When the WOI was longer than eighteen days, an 

insemination resulted in a total of 13.5 piglets, which is significantly more (P<0.01) 

than at a WOI of five days. The number of piglets born alive after insemination of 

sows with a WOI of six days was lower than that of sows with a WOI of five days 

(10.39 versus 10.73; P<0.05). Sows with a WOI of more than eighteen days, 

produced 1.8 live born piglets per litter more than sows with a WOI of five days (P 

<0.01). 

Concerning the farrowing rate it is concluded that first parity sows have low 

farrowing rates when bred during the first week after weaning compared with higher 

parity sows; at a WOI of four and six days the results were worst, 74.1 and 76.1% 

(P<0.05), and a WOI of five days gave the optimal situation (85.8%). Higher parity 

sows showed the best farrowing rate at a WOI of four days (93.5%). Farrowing rates 

of first and higher parity sows with a WOI of nine to twelve days were very low (66.7 

and 58.6%, P<0.01 and P<0.001 respectively). 

(Key words: sow production, farrowing rate, weaning to oestrus interval, housing 

system, parity, breed). 

ZUSAMMENFASSUNG 

Auf einem Betrieb mit 390 Sauen wurden während einer Periode von fünf Jahren 

Daten gesammelt. Der Betrieb besteht aus 3 Einheiten von je 130 Sauen. Die 

Einheiten unterschieden sich nur im Haltungssystem der tragenden Sauen. Die 

Daten wurden erhoben um nachzuforschen ob die Unterschiede in Wurf- große, 
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Anzahl der lebend geborenen Ferkel und Abferkelrate erklärt werden können durch 

die Variation im Rauscheintervall (WOI). 

Die Wurfgröße verringerte sich von 11,9 bei einem WOI von 4 Tagen nach 11,1 

bei einem WOI von 8 Tagen (p<0,06). Ein WOI größer als 12 Tagen äußerte sich in 

einem größere Wurf. Bei einem WOI über 18 Tagen war die wurfgröße mit 13,5 

Ferkel signifikant höher als bei einem WOI von 5 Tagen mit einer Wurfgröße von 

11,7 Ferkel (p<0,01). 

Die Anzahl lebend geborener Ferkel lag niedriger bei Sauen mit einem WOI von 6 

Tagen (10,4) als bei Sauen mit einem WOI von 5 Tagen (10,7) (p<0,05). Sauen mit 

einem WOI über 18 Tagen haben 1,8 lebend geborenen Ferkel mehr gewurfen als 

Sauen mit einem WOI von 5 Tagen (p<0,01). 

Erstlingssauen hatten nach einem WOI von 4 oder 6 Tagen eine niedrigere 

Abferkelrate (bzw. 74,1 und 76,1%) als ältere Sauen (bzw. 93,4 und 88,2%), 

(p<0,05). Bei einem WOI von 9 bis 12 Tagen lag die abferkelrate, sowohl bei den 

Erstlingssauen als bei den älteren Sauen, niedriger als bei einem WOI von 5 Tagen 

(bzw. 66,7 und 58,6% bei einem WOI von 9 bis 12 Tagen und bzw. 85,8 und 87,7% 

bei einem WOI von 5 Tagen), (p<0,01). 

(Schlüsselworte: Leistung von Sauen, Abferkelrate, Rauscheinterval, Haltungs

system, Zyklusnummer, Rasse). 
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ABSTRACT 

Sows (n=367) showing standing heat between day 4 and 6 after weaning were 

inseminated twice with a 24 h interval. To distinguish offspring, Great Yorkshire 

(GY) semen was used for first insemination (ins1) and Meishan (MEI) semen for 

second (ins2), or in reverse order. Factors influencing the number of piglets born 

from ins2 were: weaning to oestrus interval (WOI, P<0.001), genotype of the sow 

(P<0.05), parity (P<0.10) and the interaction between treatment and MEI boar (MEI 

for ins1 or for ins2, P<0.001). The distribution of litters after litter type (1, completely 

from ins1; 2, mixed litters; 3, completely from ins2) was depending on: WOI 

(P<0.001), genotype (P<0.05) and the interaction between treatment and MEI boar 

(P<0.001). The interaction between treatment and MEI boar was due to one of the 

MEI boars that produced lower numbers of offspring compared with the other boars. 

The number of offspring from ins2, 24 h later, was higher in case the ins1 was per

formed with semen of this MEI boar (P<0.05). The number of offspring from ins1, 24 

h earlier, was higher when ins2 was with semen of this boar (P<0.05). 

It is concluded that the second insemination, 24 h after the first, did contribute to 

the offspring and that the level of this contribution was depending on the factors 

WOI, genotype of the sow, parity and boar. 

Keywords: Pig-fertility; Weaning to oestrus interval; Artificial insemination; Boar 

fertility 
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INTRODUCTION 

Insemination strategies are often topic for discussion in pig husbandry. Several 

authors reported an increased farrowing rate and litter size after a second insemi

nation (Reed, 1982; Clark and Leman, 1986) or repeated natural mating (Tilton and 

Cole, 1982; O'Grady et al., 1983) during the same oestrus. O'Grady et al. (1983) 

found no effect on farrowing rate or litter size of double mating, with a 6 h or a 24 h 

interval, compared with single mating. They also found no effect of triple mating 

compared with double mating, with a 24 h interval between first and last mating. 

Gooneratne et al. (1989) did not find an effect of single or double insemination, with 

a 16-20 h interval, on farrowing rate or litter size in their experiment. 

Slijkhuis and Schneijdenberg (1987) showed an effect of duration of standing heat 

on farrowing rate and litter size but no effect of frequency of insemination. They 

found a higher farrowing rate and increased litter size in sows showing standing 

heat during 2 subsequent days when compared with sows showing standing heat 

during only 1 day. They also showed that farrowing rate and litter size of sows 

showing standing heat during 2 subsequent days and inseminated only once on the 

first day, did not differ from sows inseminated twice on the 2 subsequent days. 

Flowers and Esbenshade (1993) concluded that insemination frequency is of 

importance in sow production. Their results show an effect of mating frequency in 

gilts showing oestrus for 2 days, not in gilts showing oestrus for 1 day. However, no 

differences were found between gilts inseminated two or three times and an interval 

between first and last insemination of approximately 24 h. Gilts inseminated four 

times, with an interval between first and last insemination of approximately 32 h and 

an interval between subsequent inseminations of 8 and 16 h, showed an increased 

number of piglets born alive compared with gilts inseminated twice, with an interval 

between inseminations of 24 h. Gilts inseminated three times with intervals between 

inseminations of 8 and 16 h and an interval between first and last insemination of 24 

h, produced an intermediate number of piglets born alive. 

Dziuk (1970) inseminated twice with an approximate 6 h interval and this resulted 

in offspring from both inseminations; the boar used closest to ovulation being sire of 

44 



The proportion of offspring from a second insemination 

most of the piglets when the interval between first boar and ovulation was 14 h or 

more. In case the first boar was used between 14 and 6 h before ovulation, more 

offspring was from this first boar than from the second boar, used 6 h later. 

Heterospermic insemination or competitive double mating with a 10 min interval 

resulted in a greater proportion of offspring per litter from some sires than others 

and this was used to assess male fertility (Martin and Dziuk, 1977). 

The present experiment was undertaken to investigate the contribution of the 

second insemination, 24 h after the first, to the litter in sows. Moreover it was 

examined which factors were of influence on the contribution of each of the two 

inseminations performed. 

MATERIALS AND METHODS 

Experimental animals, diets and housing 

In this experiment 389 sows, weaned between October 1991 and November 1992, 

were used. The sows were from a rotation crossing with the following sow lines: 

Dutch Landrace (N), Great Yorkshire sow line (Y) and Finnish Landrace (F). 

Sows received a commercial sow diet (12.5 MJ metabolisable energy (ME) kg"1 and 

138 g crude protein (CP) kg"1) during gestation increasing in two increments from 

2.4 to 3.5 kg day"1. Between weaning and insemination 3.5 kg of the same diet was 

fed. From 1 week before farrowing and during lactation sows were fed semi ad 

libitum (6-7 kg) of a second commercial sow diet (12.9 MJ ME kg'1 and 156 g CP 

kg1)-

From 1 week before farrowing, during lactation and after weaning until 1 month 

after insemination, all sows were housed individually in (farrowing) crates. During 

the rest of the gestation period three housing systems were used: girth tethering, 

housing in crates and group housing with automatic feeder stations. Sows always 

returned to the same housing system for gestating sows. 

Experimental design 

Twice daily, around 08:00 h and 14:00 h, sows were checked for standing heat for 
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the man by the farm staff. Sows with a weaning to oestrus interval (WOI) of 4, 5 or 6 

days (first day of standing heat for the man) were used in this experiment. Insemi

nations were performed daily around 14:00 h. Sows were inseminated twice with a 

24 h interval. The first insemination was performed on the first day of standing heat 

for the man. Boars of the Great Yorkshire breed (GY) and of the Meishan breed 

(MEI) were used to provide semen for artificial insemination (AI). Semen was collec

ted and standardised at 3 x 109 motile spermatozoa of good quality per dose of 80 

ml at a commercial Al-centre. The diluent used to standardize concentration and 

volume for AI was Modified (IVO) Beltsvile Thawing Solution. GY doses were 

commercial available "mixed doses", MEI-doses were "single boar doses". Three 

MEI boars were used in the experiment; MEI65, MEI83 and MEI84. Daily fresh 

semen was delivered at the farm and AI was performed by farm staff. 

Two insemination schemes were used: first insemination (ins1) GY and second 

insemination (ins2) MEI (treatment A); ins1 MEI and ins2 GY (treatment B). 

The breed of the sire of each piglet born alive or stillborn, but fresh, was deter

mined immediately after birth. MEI crossing piglets had skin folds, nasal folds, thick, 

long ears and a declining croup. 

Statistical methods 

Sows were classified according to parity at weaning (1, 2, 3-5 and 6 or more) and 

genotype used in the analysis is referred to as: NFYN, YNFYN and FYNFYN. 

Linear logistic regression models were fitted to the binary farrowing rate data. The 

regression models included: treatment, MEI boar, WOI, parity, genotype of the sow 

and housing system, as well as all two-factor interactions. Linear regression models 

were fitted to the data for number of live born piglets, number of live plus stillborn 

piglets, number of piglets born from ins1 and number of piglets bom from ins2. The 

relationship between the same explaining factors and the division into litter type 

categories (category 1 : all piglets from ins1 ; category 2: piglets from both insemina

tions; category 3: all piglets from ins2) was modelled using the proportional odds 

model after McCullagh (McCullagh, 1980; McCullagh and Neider, 1989). The model 

quantifies the effect of both inseminations by the construction of an underlying 
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continuous scale on which the distribution of all treatment groups is logistic with 

standard deviation n/V3. Two unknown cut-points provide a quantification of the 

difference between successive categories on the logistic scale. The model is based 

on the probability Yu for the response of a randomly chosen sow with treatment i is in 

category j or lower. The model has the form 

log( Yi/(1-Yij))=9i -treatment!, 

where 6j 0=1,2) is the cut-point between category j and j+1 and treatment denotes 

the mean for treatment i on the logistic scale. Means were modelled using the six 

explanatory factors and their 2-factor interactions. As the treatment mean increases 

the probability of the response lying in the higher categories also increases. Both 

estimates of cut-point values between the three different categories and treatment 

effects were obtained using the method of maximum likelihood for multinomial data 

(Keen and Engel, 1994). In the results means and significance on the underlying 

logistic scale are given. Also the distribution after litter type on a, with the results of 

the model composed, original scale as one would have expected if the data had 

been orthogonal, are given. 

Likelihood ratio tests were used to test the effects of specific factors in the logistic 

models leading to the approximate x2 test for the reduction in residual deviance. For 

linear models effects of specific factors were tested using the F-test for the addi

tional sum of squares. For the proportional odds model, Wald-tests were used to 

test effects of model terms, resulting in approximate x2 tests. 

Model selection has been carried out by fitting the models with all main effects and 

two-factor interactions to the data and excluding interactions which were not 

significant (Brown, 1976). Results of the regression analysis are presented for the 

selected models. Statistical analyses were conducted using GENSTAT 5 (Genstat 5 

Committee, 1993). 

47 



Chapter 3 

RESULTS 

Animals excluded from analysis 

Of 389 sows, 8 sows did not show standing heat for the man 24 h after the first 

insemination and were therefore excluded from analysis. The other sows (n=381; 

97,9%) still showed standing heat for the man 24 h after the first insemination. Data 

of sows with a WOI of 6 days (n=15; 3.7%) were discarded in the analysis because 

of their low number. In total, 22 records were discarded (one of the sows fits in both 

groups). For the factor WOI two levels (4, 5) remained for analysis. 

Animals included 

The number of sows used in the analysis was 367. In Table 1 the results of the 

regression analysis (selected models) are presented for the main factors and the 

significant interactions for each trait. In the following paragraphs the results for each 

of the significant factors and interaction are presented. Housing system had no 

effect on any of the dependent variables. 

Table 1: Results of the regression analysis for farrowing rate (FR), live and 
stillborn piglets (US), live born piglets (/.), live and stillborn piglets from ins1 
(L/S1), life and stillborn piglets from ins2 (US2), live born piglets from ins1 
(L1), life born piglets from ins2 (L2) and distribution after litter type (LT) (com-
pletely from ins1, mixed litter, completely from ins2) 
Effect 
WOI 
Genotype 
Parity 
Treatment 
MEI-boar 
TXMEI C 

(T) 

Housing syst. 

FR 
* b 

* 
ns 
• 
ns 

ns 

US 
ns 
ns 
• 
ns 
* 

ns 

L 
ns 
ns 
• 
ns 
* 

ns 

US1 
*** 
** 
* 
* 
ns 
*** 
ns 

US2 
*** 
* 
ns 
* 
ns 
*** 
ns 

L1 
*** 
** 
* 
* 
ns 
*** 
ns 

L2 
*** 
* 
• 
* 
ns 
*** 
ns 

LTa 

*** 
* 
ns 
*** 
ns 
*** 
ns 

a Estimates of cut point values for the division into the three different litter types, in 
the proportional odds model, were 0.00 and 2.04. 
b One-sided test, on the ground of expected higher farrowing rate for day 4 sows 
compared with day 5 sows based on earlier results (Vesseur et al., 1994). 
c Interaction between treatment and Meishan boar was not included in the models 
for FR,US and L. 
*** Pi 0.001 ; ** P < 0.01 ; * P < 0.05; • P <0.10; NS, P > 0.10. 
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Weaning to oestrus interval (WOI). 

Effects of WOI on the dependent variables are presented in Table 2. Farrowing rate 

was higher (P<0.05) for sows with a WOI of 4 days (92.4%) compared with sows 

with a WOI of 5 days (86.1%). Although there was no difference in the total number 

of live or live + stillborn piglets between sows with a WOI of 4 days and sows with a 

WOI of 5 days, sows with a WOI of 5 days had more (P<0.001) offspring from ins1 

and less (P<0.001) offspring from ins2 compared with sows with a WOI of 4 days. 

The distribution after litter type was also different between sows with a different WOI 

(P<0.001). Sows with a WOI of 5 days had more litters completely from ins1, less 

litters completely from ins2 and a similar percentage of mixed litters, compared with 

sows with a WOI of 4 days. 

Table 2: Effect of weaning to oestrus interval (WOI) on farrowing rate, number 
of live (I) and live + stillborn (l+s) piglets, number of I and l+s piglets from ins1 
and ins2 and on distribution of litters after litter type (completely from ins1, 
mixed, completely from ins2) as mean on the logistic scale and percentage on 
the original scale 

N (inseminations) 
Farrowing rate (model) 

N (litters) 

l+s 
I 

l+s from ins1 
I from ins1 

l+s from ins2 
I from ins2 

Litter type (log scale) 
Percent from ins1 
Percent mixed 
Percent from ins2 

WOI 
4 days 
136 
92.4 a 

126 

11.9 
11.2 

5.0 p 
4.7 p 

7.0 p 
6.6 p 

1.34 p 
24 
40 
36 

5 days 
231 
86.1 b 

199 

11.7 
11.2 

7.3 q 
7.1 q 

4.4 q 
4.1 q 

0.33 q 
43 
38 
19 

6 days a 

14 
78.6 

11 

12.1 
11.7 

9.0 
8.6 

3.1 
3.1 

SED 

0.32 
0.31 

0.61 
0.59 

0.62 
0.59 

0.24 

a Data of sows with a WOI of 6 days were excluded from analysis; raw data are 
presented in this table. 
Data in a row with different letters differ significantly (a,b, P<0.05; p,q, P<0.001). 
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