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ESTIMATION OF GENETIC PARAMETERS ON WEANING TO ESTRUS 

INTERVAL IN A SWINE COMMERCIAL FARM  

IN CENTRAL PART OF THAILAND 

 

INTRODUCTION 
 

In commercial swine production systems, the traits generally considered for 

sow productivity are number born alive (NBA), number of weaned pigs per litter 

(NPW), and litter weaning weight (LWW).  However, not only those production traits 

are important for economic reasons, but some traits which were recorded as a measure 

of non-productive sow days (NPD), such as weaning to estrus interval, weaning to 

conception interval, and unmated weaning to culling interval, are also influential on 

the profitability of swine production.  The cost of NPD per sow can be calculated 

from the accumulation of feed cost, building cost, labor cost, opportunity cost, 

operating capital cost and other fixed costs.  The longer sows in the breeding herd 

stands open, the more profits shrink.  Thus, these high costs of NPD will quickly add 

up if low performance sows are allowed to remain housed in the breeding herd. 

 

The components of NPD are defined in several periods (Polson et al., 1992; 

Koketsu, 2005).  However, the interval from weaning to first service or weaning to 

estrus (WEI) was frequently examined for NPD.  The WEI is then an economically 

important factor that could be used in measuring the reproductive performance of a 

sow in subsequent litters.  The satisfied expectancy for swine producers is for a large 

percentage of breeding sows to exhibit estrus within 7 days after weaning.  Delayed 

returning to estrus has a major negative impact on breeding sow efficiency by 

disruption of breeding schedules, increasing NPD, reducing number of piglets per sow 

per year, and perhaps causing mistake of culling sow with good genetic potential for 

high number of pig born alive and heavy litter weight.  The prolonged WEI would 

also expanded farrowing interval (FI) because of WEI is a component of FI.  

Minimizing days from weaning to the next estrus would reduce FI.  It appears that 

much of variation of WEI is due to management and environmental effects. 
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Most previous studies on examination of factors affecting WEI (Tantasuparuk 

et al., 2000a; Tantasuparuk et al., 2000b; Belstra et al., 2004) and genetic parameter 

estimation for WEI (Fahmy et al., 1979; Ten Napel et al., 1995; Holm et al., 2005) 

were based on the data from purebred populations.  The consideration of WEI in 

crossbred sows is also important for improving sow efficiency in commercial sector. 

Crossbred pigs have large advantages over purebred pigs because of heterosis. 

However, prolonged WEI in crossbreds could be a negative effect to the improving 

for sow efficiency.  In addition, less research on heterosis effect for WEI has been 

reported. 

 

Weaning to estrus interval ha been estimated to be lowly heritable (Fahmy et 

al., 1979; Ten Napel et al., 1995; Sterning et al., 1998; Holm et al., 2005), but it is 

higher in genetic control when compared to NBA and LWW (Ten Napel et al., 1995). 

As heritability of WEI was found to be low, development of WEI should be done by 

improvement of environment factors and also by utilization of a BLUP based 

selection program.  Moreover, the ability to return to estrus in breeding sow has been 

shown to be influenced by pre-weaning traits such as lactation length (Mabry et al., 

1996; Foxcroft, 1997; Le Cozler et al., 1997; Tummaruk et al., 2000; Willis et al., 

2003), number of pig weaned (Adamec and Johnson, 1997; Willis et al., 2003) and 

litter weight at weaning (Rydhmer et al., 1992; Adamec and Johnson, 1997).  Thus, 

selection for improving pre-weaning traits would effect the development of WEI.  

 

In Thailand, the study on factors affecting to WEI and the effect of pre-

weaning traits on WEI has not been studied in commercial swine population.  Thus, 

genetic parameters for WEI of breeding sows raised in Thailand are unknown.  Most 

Thai producers attempt to produce more piglets and increase their growth rate in order 

to maximize profit.  Therefore, WEI has never been included in the selection plan. 

Selection for reducing the interval from weaning to express visible estrus would 

increase the efficiency of breeding sows and would reduce the production cost.  The 

study of WEI in a commercial swine population in Thailand could be used as basis 

information to optimize WEI for efficient breeding herd performance in the future.  
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OBJECTIVES 

 

 The objectives of this study were:  

 

1.  To examine factors affecting weaning to estrus interval in a commercial 

swine population in Thailand.  

2.  To test for the optimum range of dataset values for genetic evaluation of 

weaning to estrus interval in a commercial swine population in Thailand. 

3.  To determine heterosis effect for weaning to estrus interval in reciprocal 

crossbred sows which were crossed between purebred Large White and Landrace 

swine in this commercial population. 

4.  To estimate genetic parameters for weaning to estrus interval in a 

commercial swine population. 

5.  To estimate the relationship between weaning to estrus interval and other 

related traits of first parity sows in a commercial swine population in Thailand. 
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LITTERATURE REVIEW 

 

1.  Non-productive days in a swine  

  

In most production systems, gilts are entered into the breeding herd at 

approximately 7-8 months of age.  Figure 1 shows lifetime of production records for a 

typical female.  The lifetime production of a female is not constant due to variation in 

the genetics and environmental effects.  This lifetime period can be divided into two 

parts, productive days and non-productive days.  Productive days of a female include 

all days that the female is either gestating or lactating a litter  

 

 
Figure 1  Sow days in a lifetime production 

 

Non-productive sow days (NPD) are defined as any day that a female in the 

breeding herd is not lactating or gestating.  The formula for calculating NPD is (Shaw, 

2005): 

NPD =  365 – [(litters/female/year) ×  (gestation days + lactation days)] 

 

For convenience, NPD can be divided into several component intervals which 

are influenced by different management and genetic factors.  These intervals are entry 

to first service, service to successful conception and farrowing, weaning to estrus (or 

weaning to service) and weaning to removal. 
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1.1 Components of non-productive sow days 

  

The components of non-productive sow days which are shown only at the 

beginning and the end of lifetime production are entry to first service interval and 

wean to removal interval, respectively.  For the former trait, the skill of the breeding 

technician is important for heat checking.  For the latter trait, the cull sow marketing 

strategy may influence this interval.  Nevertheless, the selection and culling criteria 

for replacement gilts and removal of sows is based on female performance directly.   

 

The intervals from first service to conception and farrowing and weaning 

to estrus are shown for each litter of the sow.  However, the effect of genetics has 

been shown to be of more influence to the latter period.  Six components of non-

productive days for gilts and sows were identified by Polson et al. (1992).  The 

component consists of gilt first-mating to pregnancy interval, gilt first-mating to 

culling interval, unmated weaning to culling interval, weaning to first mating interval, 

sow first-mating to pregnancy interval, and sow first-mating to culling interval.  

 

Koketsu (2005) calculated NPD by summering the six components and 

examined the relationship between NPD, pig weaned per mated female per year and 

litter per mated females per year on high performing and ordinary farms in the U.S. 

The common NPD mean was 57.90 days with standard deviation of 20.50 days.  High 

performing farms had 21.10 days fewer NPD, and five of the six component intervals 

were fewer compared to ordinary farms (P < 0.05).  The studied indicates that 

decreasing each component interval is critical to increase herd productivity.  This 

study is in agreement with the study of Wilson et al. (1986) in Canadian swine herds. 

 

Several studies (Polson et al., 1992; King et al., 1998; Koketsu, 2005) 

were done in order to reduce NPD and weaning to estrus or wean to service interval 

was frequently examined (Ten Napel et al., 1995; Koketsu and Dial, 1997; Ten Napel 

et al., 1998).  Variation in individual’s interval prevented the flow of production 

system by disruption of breeding schedules.  A prolonged weaning to estrus interval 
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sow could not be mated in the normal schedule.  She has to stay open until the next 

mating time.  Cost of production, feed and the others fixed costs, during this period 

would expand production cost of individual sow.  Therefore, the interval from 

weaning to estrus could be used as an indicator of sow efficiency and a key factor of 

production cost in commercial herd. 

  

2. Weaning to estrus interval and its variation in swine population 

 

Weaning to estrus interval (WEI) is a component of non-productive sow days 

which has a major influence reproductive efficiency.  This trait has normally been 

regarded as an outcome variable.  Average WEI was found to be 5.51 ± 0.97 days in 

French sow herds (Le Cozler et al., 1997), 5.40 ± 3.50 days in commercial swine in 

the Netherlands (Steverink et al., 1999), 4.60 ± 0.10 days for commercial sows that 

returned to estrus within 10 days after weaned (Belstra et al., 2004), and 4.80 ± 2.80 

days in commercial swine population in the Midwest of Brazil (Poleze et al., 2006). 

The distribution of WEI is generally double peaked (Ten Napel et al., 1995; Ten 

Napel and Johnson, 1997) with the minor peaks seen a few weeks after the major 

peaks.  These were due to a regular return to estrus after a non-successful mating. 

According to the double peak of the distribution, normal, prolong and incidence of a 

prolong interval of WEI were studied by Ten Napel et al. (1998).  They concluded 

that the incidence of a prolonged interval of WEI may increase as a correlated 

response to selection for reproductive performance such as increased litter size.  

 

2.1 Estrus and estrus cycle 

 

Estrus is defined as the period of time when the female is receptive to the 

male and will stand of mating (Bearden and Fuquay, 2000).  The estrus range is from 

40 to 72 hours in swine and gilts show shorter duration of estrus than sows (Steverink 

et al., 1999).  Onset of estrus is characterized by gradual changes in behavioral 

patterns, vulva response and occasionally a mucous discharge (Anderson, 1980).  
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Days of estrus 

The estrus cycle is defined as the time between periods of estrus, including 

estrus, metestrus, diestrus and proestrus.  Regulation of estrus cycle involves 

interaction between reproductive hormones of the hypothalamus, anterior pituitary 

and ovaries (Figure 2).  The estrus cycle length is about 21 days in swine (Figure 3). 

 

 
 

Figure 2  Relationship between the hypothalamic releasing hormones, gonadotropins 

and ovarian hormones in regulating reproductive function 

Source: Bearden and Fuquay (2000) 

 

 

 
 

Figure 3  Hormonal changed during the estrus cycle in sow 

Source: adapted from Bearden and Fuquay (2000) 
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In non-pregnant sow and non-lactating sow, the cycle could be 

characterized into a follicular phase (proestrus and estrus) and luteal phase (metestrus 

and diestrus).  Study of Sterning et al. (1994) showed that the duration of proestrus 

and the intensity of the vulva symptoms increased from the first to second estrus after 

weaning.  The influence of proestrus and estrus period on WEI was also evaluated by 

Sterning (1995).  He found positive correlation between the duration of proestrus and 

WEI (0.28; P < 0.01) and negative correlation between the duration of standing estrus 

and WEI (-0.19; P = 0.01). 

 

After mating and conception, follicular phase will be paused when sow 

became pregnant and then function again after parturition (Meredith, 1995).  During 

gestation, progesterone, which is produced by both the corpus luteum and the 

placenta, has dominant role in maintenance of pregnancy and its negative feedback to 

hypothalamus and anterior pituitary gland prevent the cyclic release of gonadotropins 

(Hafez and Hafez, 2000).  The other important hormones during gestation are relaxin 

and prolactin.  The relaxin concentration is dramatically increased in plasma for few 

days before parturition and then declined to normal level after parturition.  The 

actions of relaxin are dilation of the cervix and vulva and inhibition of uterine 

contraction. Prolactin is essential for maternal behavior during the postpartum 

because it is the dominant hormone in initiating and maintenance of milk synthesis 

(Bearden and Fuquay, 2000).  The higher release of prolactin was found before 

parturition and remained increased during lactation (Dlamini et al., 1995).  Moreover, 

prolactin was also reported in inhibiting of progesterone that acts with estrogen in 

promoting estrus behavior. 

 

Postpartum estrus frequently occurs within one to three days.  However, 

the first onset of estrus could not be observed during lactation period because of 

suckling stimulation.  The suckling in the early postpartum period acts to inhibit 

luteinizing hormone (LH) secretion and induces lactational anestrus in lactating sow 

(De Rensis et al., 1993).  Thus, plasma LH concentration was dependent on the 

number of piglets suckling but not on feed intake (Mullan et al., 1991).  
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Figure 4  Progesterone (a), relaxin (b), and prolactin (c) concentrations in peripheral 

plasma of sows during pregnancy and lactation 

Source: adapted from Dlamini et al. (1995) 

 

After lactational anestrus and subsequent weaning, the inhibition effect of 

suckling on gonadotropin releasing hormone (GnRH) release is removed and then LH 

and FSH concentrations increase, leading to follicular development and ovulation for 

the next reproductive cycling (De Rensis et al., 1993). 

 

 

 

(a) 

(b) 

(c)
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2.2 Factors affecting weaning to estrus interval 

 

Weaning to estrus interval is primarily influenced by breed, parity, 

lactation length, nutrition and environment.  

 

2.2.1 Breed  

 

There were few studies on breed influence the onset of estrus cycle. 

However, between breed variation in WEI was found to be considerable.  Aumaitre et 

al. (1976) found that the interval from weaning to conception had significantly longer 

in French Large White and Landrace sows than crossbred sows which were bred 

between these two breeds.  It means that WEI of French sows would be longer in 

purebred sows compared to those crossbred sows because WEI is a component of the 

interval from weaning to conception.  

 

The study of Maurer et al. (1985) was done by using the records of 

American purebred sows and they found that Landrace sows have the shortest WEI 

compared to Large White, Yorkshire and Chester White sows (P < 0.01). 

 

2.2.2 Parity 

 

The intervals from weaning to estrus vary in different parity.  The 

first parity sows had longest WEI (Maurer et al., 1985; Koketsu and Dial, 1997; 

Hughes, 1998; Belstra et al., 2004).  

 

In addition, the study of Belstra et al. (2004) also found that the 

interaction between parity and seasonal had significant effect on WEI (P < 0.05).  The 

highest WEI was found in first parity sows in both the spring and summer.  However,   

WEI in second parity sows was not significant difference when compared to first 

parity sows in the spring. 
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2.2.3 Lactation length 

 

The influence of lactation length (LL) on WEI was found by many 

researchers in previous studies.  Aumaitre et al. (1976) reported that short lactations 

(≤ 16 d) and long lactations (≥ 50 d) could prolong WEI.  Then, most of these works 

were done in the early weaned sows in order to improve overall productivity and 

utilization of farrowing facilities in breeding herds.  

 

Xue et al. (1993) analyzed the relationship between LL and sow 

productivity by using data from 39 swine herds located in the U.S. They found that 

longer lactation lengths were associated with shorter weaning to estrus interval and 

longer farrowing interval.  The result was in agreement with the study of Koketsu et 

al. (1997) who using field data from 30 swine farms located in Minnesota and Iowa. 

They found the shorter WEI in sows lactating 17 to 19 days compared to sows 

lactating less than 17 days.  Results of the study of Knox and Rodriguez Zas (2001) 

also indicated that LL dramatically influenced return to estrus when sows lactated less 

than 17 days.  

 

Mabry et al. (1996) examined the effect of LL on WEI in purebred 

and crossbred sows from 13 commercial herds in the Midwest, Southeast and 

Southwestern regions of the United States.  They found that the shorter lactation of 

dam was associated with longer WEI.  Parity two sows could be weaned at day 12 of 

lactation and they still recycle in an average of seven days or less.  However, the first 

parity sows which were weaned before day 14 of lactation would require 10 days or 

more to return to estrus on the average.  

 

Koketsu and Dial (1997) investigated the influence of LL on wean 

to first service interval, or weaning to estrus interval, using one year-litter records 

from 30 commercial farms located in southern Minnesota.  They found that sows with 

a lactation period of 1 to 7 day had longer WEI (P < 0.05) than sows with a LL 

greater than 7 days. 
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Knox and Rodriguez Zas (2001) identified the effect of LL on WEI 

in crossbred between Large White and Landrace sows.  They found that percentage of 

sow return to estrus within 8 days after weaning was influenced by LL (P < 0.01), 

with sows lactating less than 16 days less likely to express estrus than sows lactating 

longer than 17 days.  

 

In primiparous sows, Willis et al. (2003) studied the effect of 

duration of lactation on WEI in Canadian sows.  They found that sows weaned at day 

14th of lactation had longer WEI than sows weaned at day 24th of lactation (P > 0.05).  

 

2.2.4 Body weight loss and backfat thickness during lactation period 

 

Body weight loss and backfat thickness in weaned sows were 

influenced by nutrition intake during lactation period.  The effect of nutrition to WEI 

was found in the study of King and Williams (1984) in first litter sows.  They found 

that the relationship between loss of body weight and delay estrus is equivocal may 

due to loss of body protein.  Thus, the first litter sows are still actively growing at the 

time of their first lactation and they have to produce milk for their piglets.  Especially 

in the first week of lactation, milk production highly depends on body reserves 

(Mullan and Williams, 1989) and short period of sucking leave no opportunity for 

restoring body reserves.  Therefore, the first litter sows should nurse their litter in the 

optimum range of lactation and they should get adequate nutrition intake during the 

lactation period. 

 

Guedes and Nogueira (2001) studied the correlations between WEI 

and body weight loss and backfat thickness change at the end of gestation and during 

lactation in primiparous and multiparous Camborough sows.  They found that WEI in 

primiparous sow was greater than in multiparous sows (P < 0.05).  In this experiment, 

primiparous sows (5.23 kg/d) had average daily feed intake lower than multiparous 

sows (5.72 kg/d) during lactation (P < 0.05).  Moreover, total backfat thickness loss 

was found to be different between these groups of sows during lactation (P < 0.05). 
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However, there was no correlation between total body weight loss and WEI, or 

between total backfat thickness change and WEI.  The positive correlation between 

percentage of weight loss and WEI was found in the third week of lactation (P < 

0.05).  This indicated that the nutrition intake during the third week of lactation was 

more influence on WEI than nutrition earlier in lactation.  Previous work also 

supported this suggestion (Zak et al., 1997). 

 

Zak et al. (1997) studied the effect of differential patterns of feed 

intake during lactation, associated metabolic and endocrine changes, and reproductive 

status after weaning in primiparous Camborough sows.  They found that luteinizing 

hormone secretion was suppressed by restricting feed intake of sows for the first 21 

days of lactation period and then normal level resumed with ad libitum feeding during 

the fourth week.  Weaning to estrus interval of this group of sows was higher than 

sows which were fed to appetite from day 1 to 28 of lactation (P < 0.05). 

 

In addition, Willis et al. (2003) found the different of body weight 

and backfat between primiparous sows weaned at day 14th and 24th of lactation.  The 

sows weaned at day 14th of lactation had more backfat at weaning (P < 0.01) and they 

tended to lose less body weight at weaning than the other groups.  

 

2.2.5 Ovulation time 

 

The other effect that influenced WEI is timing of ovulation.  Kemp 

and Soede (1996) found that an increase in WEI resulted in a decrease in the duration 

of estrus and a decrease in the interval from onset of estrus to ovulation.  Thus, sows 

were inseminated between 0 and 24 hours before ovulation showed consistent high 

fertilization results.  The result was in agreement with the study of Belstra et al. 

(2004) that WEI was negative correlation with the duration of estrus.  
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2.2.6 Season 

 

Effect of season on WEI is not common in the domestic pig (Claus 

and Weiler, 1985) that average of WEI increased during summer.  Especially in 

tropical countries, increasing day length causes a higher sensitivity of sows to 

environmental factors delaying onset of estrus activity.  In order to maintain the 

consistency of reproductive efficiency in breeding sows most swine producers in 

tropical area housed their sows in closed buildings with light, temperature, and 

humidity control.  However, the use of cooling system does not prevent the extension 

of WEI in summer (Hurtgen et al., 1980). 

 

Sterning et al. (1990) observed seasonal differences in number of 

sows ovulating and showing standing estrus.  They proposed that the rapid changes in 

day length during spring and fall in Sweden were responsible.  

  

Knox and Rodriguez Zas (2001) studied on factors influencing to 

estrus in crossbred between Large White and Landrace sows.  Weaning to estrus 

intervals of individual sow were measured at the day from weaning to the day of first 

detected estrus.  In this study, season was classed into 4 groups (winter, December to 

February; spring, March to May; summer, June to August; and fall, September to 

November.  They found that season of weaning did not have influence on WEI (P > 

0.10).  Moreover, season of farrowing had significant effect (P < 0.05) to WEI 

(Fahmy et al., 1979).  Sows farrowing in the autumn had longer intervals than sows 

farrowing in the spring and summer. 

 

2.2.7 Boar contact 

 

Boar contact has been demonstrated to be effective in reducing WEI 

with contacts starting either before or after weaning (Petchey and English, 1980; 

Hemsworth et al., 1982; Henderson and Hughes, 1984).  In the study of Petchey and 

English (1980) in two research farms and a commercial swine farm in Scotland, they 
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grouped sows and their litters in late lactation.  Then, the sows were observed for 

signs of estrus from grouping to weaning and WEI in sows were compared between 

the presence and absence of boars.  The result indicated that WEI for the sows 

exposed to a boar (2.28 days) was shorter than the control groups (10 days). 

 

Hemsworth et al. (1982) investigated the influence of boar contact 

on the onset of estrus in the weaned sows.  In the study, sows from four commercial 

farms in the Netherlands were weaned in weekly batches between 24 and 30 days 

after parturition and transferred to the mating compartment.  Daily introduction of 

boar was presented to the weaned sows.  The result showed that intense boar 

stimulation was associated with significant reduction in the weaning to mating 

interval of the sow (P < 0.01).  However, the provision of regular boar contact at post 

weaning is unlikely to stimulate an earlier return to estrus (Hughes, 1998).  

 

The study of Behan and Watson (2005) found that the delayed of the 

boar present until day 4 after weaning resulted in higher reproductive performance 

than with the standard method of exposure to the boar at the day of weaning.  It was 

due to the artificial insemination was done closely to the ovulation time. 

 

The boar stimulation was done not only in weaned sows, but also 

applied in sows during lactation.  Henderson and Hughes (1984) studied the effect of 

partial weaning in combination with boar contact in 40 mutiparous crossbred Large 

White × Landrace sows.  They found that only one sow exhibited lactational estrus, 

while the remaining sows had significantly reduced weaning to mating interval (P < 

0.05).  

 

The factors affecting WEI has been examined for improving sow 

productivity.  However, most of those studies were based on swine herds in temperate 

climates, but not those in the tropical conditions. 
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3.  Study of weaning to estrus interval in swine population in Thailand 

 

Under tropical condition, hot and humidity are main factors which affect 

animal performance.  The influence of seasonal on reproductive performance 

including wean to service interval (or weaning to estrus interval, WEI) in purebred 

Landrace and Yorkshire sows was studied by Tantasuparuk et al. (2000a).  They 

found that breed of sow, parity number and season had significantly effect on WEI. 

Thus, WEI was prolonged for sows weaned during the hot and rainy season. 

Yorkshire sows were found to have significantly shorter interval than Landrace sows 

(P < 0.01) under the same study. 

 

Lactation length was also investigated to have influence on WEI, but it had no 

effect on WEI (Tantasuparuk et al., 2000b).  However, high body weight loss during 

lactation under restricted feeding prolongs WEI in parity 1 and 2 sows, but has no 

effect on the ovulation rate at first estrus after weaning (Tantasuparuk et al., 2001). 

Tummaruk et al. (2000) also verified that a longer lactation period led to a shorter 

WEI when the lactation length was limited to 25-59 days.  However, less study on 

factors affecting to WEI was done and genetic parameters have not been studied in 

swine population in Thailand. 

 

4.  Heterosis effect for weaning to estrus interval  

 

Crossbred pigs have some advantages over purebred pigs because of heterosis. 

Heterosis is well known, and is an important component of breed improvement in 

plants and animals (Falconer and Mackay, 1996).  Heterosis is measured as the 

difference between the average performance of crossbreds and the average 

performance of their purebred parent lines or breed that produce crossbreds (Bourdon, 

2000).  Generally, heterosis affects reproductive traits relatively more than growth 

and carcass traits.  In order to improve litter size, crossbred sows usually produce 

more milk and farrow more vigorous pigs than purebred sows (Johnson, 1980). 

Economically important traits in swine such as growth, carcass quality and 
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reproductive traits have been used to study the heterosis effect in crossbred.  

 

For reproductive traits, heterosis effects were significant for litter size and 

litter birth weight (Johnson, 1980; Bass et al., 1992).  The reproductive response for 

litter size in pure line and crossbred litters was investigated in the Nebraska Index line 

by Petry and Johnson (2004).  In this study, increased litter size occurred in both pure 

line and F1 dams, but responses in F1 dams were less than in pure line dams.  

Heterosis for age at puberty was found to be -8.8 days by Hutchens et al. (1982) and 

the results is in agreement with Cassady et al. (2002).  They also found that crossbred 

gilts were weighed more at farrowing, and produced larger, heavier litters to weaning 

than purebred gilts.  Young (1995) compared least square means on reproductive 

performance in Chinese and Duroc crossbred pigs.  Duroc crossbred were heavier (P 

< 0.05) at farrowing than Minzhu, Meishan and Fengjing crossbreds.  Meishan and 

Fengjing crossbred sows had higher ovulation rate and litter size than Duroc 

crossbred.  Thus, these Chinese crossbred sows returned to estrus sooner after 

weaning (P < 0.05) than Duroc crosses.  

 

For weaning to estrus interval, the study of Belstra et al. (2004) showed that 

purebred Yorkshire sows had longer WEI than crossbred sows between Yorkshire 

boar and other breeds.  However, the study of heterosis effect on weaning to estrus 

interval is less in swine population raised in both temperate and tropical climates. 

 

5. Genetic parameters for weaning to estrus interval  

 

5.1 Heritability 

 

Genetic analysis for WEI has been studied in purebred and crossbred sows 

in many countries under temperate climates.  In purebred population, the estimated 

heritabilities for WEI were 0.24 in Swedish Yorkshire herd (Sterning et al., 1998), 

0.21 in an American purebred swine (Ehlers et al., 2005), and 0.08 and 0.03 first and 

second litters of Norwegian Landrace sows, respectively (Holm et al., 2005). 
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Moreover, the highest heritability for WEI (0.36) was found in selection experiment 

in Dutch Landrace population by Ten Napel et al. (1995). 

 

Crossbred sows were less studied for WEI. In the study of Fahmy et al. 

(1979), they used the litter record on 28 two-way crossbred sows in order to estimate 

genetic parameters for WEI.  The estimated heritability was 0.25 for this crossbred 

group.  This result is consistent with Ehlers et al. (2005), who estimated heritability of 

WEI (0.24) by using data from a swine production unit in the United States.  

 

5.2 Repeatability 

 

Repeatability for WEI was low (Fahmy et al., 1979; Adamec and Johnson, 

1997; Ehlers et al., 2005).  It indicated that there was less correlation between the 

performances of sow return to estrus after weaning in the two intervals.  However, 

repeatability was less study for improvement of WEI.  Most of genetic analyses for 

WEI obtained from first litter record or considered records of different parities as 

different traits.  

 

Fahmy et al. (1979) studied on the percentages of sows return to estrus and 

WEI in crossbred sows.  The repeatability for WEI was found to be 0.28.  The lower 

estimation was found (0.05) in purebred Large White and Landrace sows of the 

National Czech nucleus.  However, no correlation between WEI in the two litters was 

found in swine population raised in the United States (Ehlers et al., 2005). 
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6. Relationship between weaning to estrus interval and others economically 

important traits  

 

6.1 Production and reproduction traits related to weaning to estrus 

interval 

 

Lactation length (LL) and management during lactating period are 

importance for sow reproductive efficiency.  Postweaning sows required appropriate 

nutrition for milk production, nursing their litters, and also for their growth and their 

physiological improvement after weaned.  Thus, diets intake during lactation 

influences the Luteinizing hormone secretion (Tokach et al., 1992; Koketsu et al., 

1998).  In previous study, the optimum LL was found to be 21 to 28 days for a 

commercial swine population in the United States (Tubbs, 1990; King et al., 1998). 

Therefore, the minimum sucking period for piglets was found to be 28 days in 

Norway (Gaustad-Aas et al., 2004).  However, the LL was based on the particular 

management and financial characteristics of an individual commercial herd.  It is a 

factor that associates with productivity outcomes because shorter LL could improve 

breeding herd productivity (King et al., 1998).  

 

For number born alive, the goal of concurrently increasing litter size and 

adjusted weaning weight has been examined by several studies (Boylan et al., 1961; 

Bereskin, 1984; Rothschild and Bidanel, 1998; Chen et al., 2003). This trait is lowly 

heritable (McCarter et al., 1987; Chen et al., 2003).  Some studies have associated 

reducing non-productive sow days with improved productive traits (Tummaruk et al., 

2000; Holm et al., 2005).  A steady increase in size in the following litter with 

increase in the weaning to estrus interval was found in crossbred sows (Fahmy et al., 

1979).  This study was in agreement with the study of Tantasuparuk et al. (2000a) 

under tropical condition.  According to the study of Ten Napel and Johnson (1997), 

genetic selection for production and reproductive traits did not affect rebreeding 

performance.  However, the currently study of Holm et al. (2005) found that selection 

for decreased WEI intervals will reduce the probability of a recycle.  
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Higher number of pig weaned (NPW) per sow per year is the most 

important trait of swine producers.  The greater NPW per sow per year they produced, 

the higher economic return they got.  The average NPW for sows housed in temperate 

climates ranged from 7.80 to 9.23 in first parity sows (Southwood and Kennedy, 

1991; Ten Napel and Johnson, 1997) and from 9.06 to 9.28 in the second parity (Ten 

Napel and Johnson, 1997).  Slightly genetic progress for NPW was occurred because 

it is a lowly heritable trait.  Direct and maternal heritability for NPW was found to be 

0.13 and 0.01 in Large White and Landrace sows of the National Czech nucleus herds 

(Adamec and Johnson, 1997).  The direct and maternal heritability for NPW in the 

first parity sows were also studied by Southwood and Kennedy (1991).  They found 

that estimated direct and maternal heritabilities ranged from 0.10 to 0.12 and 0.07 to 

0.08 in Yorkshire and Landrace sows.  In Polish Large White nucleus herds, the 

phenotypic and genetic trend was 0.16 and 0.01 pig per year (Kaplon et al., 1991). 

 

Litter weight of pigs at weaning is an indicator for maternal ability. 

Heritability estimates for litter weaning weight (LWW) was 0.09 in purebred Large 

White and Landrace sows (Adamec and Johnson, 1997) and 0.10 in multiparous 

Australian pigs (Hermesch, 1996).  Higher estimated heritability which was found in 

closed seedstock population of Large White and Landrace swine (both male and 

female) ranged from 0.18 to 0.22 (Ferraz and Johnson, 1993).  Phenotypic trend for 

LWW was 1.86 kg per year in Polish Large White nucleus herds while the estimated 

genetic trend ranged from 0.04 to 0.10 kg per year (Kaplon et al., 1991). 

 

Farrowing interval (FI) is a major factor that influence to the efficiency in 

swine production.  The interval obtained gestation period, lactation length, and non 

productive sow days (NPD) such as weaning to estrus or weaning to culling interval. 

Several attempts have been made to decrease FI by reducing LL or minimizing NPD. 

However, reducing these two periods should make maximum profits for pig 

producers.  Average FI ranged from 147.0 ± 7.1 to 150.0 ± 8.5 days in breeding sows 

from 673 U.S. farms (King et al., 1998) as same the average FI found in the first 

parity Australian pigs (Tholen et al., 1996a).  Furthermore, farrowing rate among the 
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first parity sows has significantly lower percentage than among multiparous sows and 

purebred sows had lower farrowing rate than crossbreds (Gaustad-Aas et al., 2004). 

Estimated heritabilities for FI are lower at approximately 0.10 (Johansson and 

Kennedy, 1985; Vangen, 1986; Rydhmer et al., 1992; Tholen et al., 1996b).  The 

higher estimate was found in the range of 0.17 to 0.36 (Johansson, 1981; Ten Napel et 

al., 1995). 

 

6.2 Relationship between weaning to estrus interval and other production 

traits 

 

The association between LL and sow productivity were investigated by 

several studies.  The result of Xue et al. (1993) showed that longer LL was associated 

with higher litter size, shorter WEI, longer farrowing to service interval and longer FI 

(P < 0.01).  Lactation length has influenced on WEI or wean to first service in 

commercial herds (Mabry et al., 1996; Foxcroft, 1997; Le Cozler et al., 1997; 

Tummaruk et al., 2000; Willis et al., 2003).  Especially in the study of Mabry et al. 

(1996), the first parity sows would required 10 days or more to return estrus if they 

were weaned less than 14 days of lactation.  Thus, a previous publication suggests that 

decreased productivity of sows weaned at 14 days or less could be a source of 

economic loss for producers (Foxcroft, 1997) because early weaning is associated 

with a longer WEI (Weitze et al., 1994; Willis et al., 2003).  Therefore, decreasing LL 

would shorter FI, increase pig weaned per farrowing per crate per year and could 

improve breeding herd productivity in American swine farms (King et al., 1998).  

 

For multiparous sows, the percentage of sows showing estrus within 6 

days increased when LL was increased from 18 to 21 days (Le Cozler et al., 1997). 

The same study also found that weaning sows either at 21 or 28 days of LL achieved 

similar NPW per sow per year when management condition were optimized.  The 

longer LL also led to a shorter interval from wean to first service in Swedish Landrace 

and Yorkshire sows (Tummaruk et al., 2000).  However, WEI was not influenced by 

LL in a swine population raised in Thailand (Tantasuparuk et al., 2000b). 
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Fewer studies have reported the correlations between reproductive traits 

and NPW and LWW.  Genetic correlation between NPW and WEI was low and 

positive (Adamec and Johnson, 1997).  Thus, selection for greater NPW is more likely 

to show prolonged WEI (Willis et al., 2003).  Furthermore, sows with heavy litter at 

weaning also delayed to return estrus after weaning (Rydhmer et al., 1992; Ehlers et 

al., 2005).  
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MATERIALS AND METHODS 

 

Data and herd description 
 

1. Animal and management 

 

The study was based on field dataset from a commercial swine population 

raised in the central part of Thailand.  The dataset included pedigree and reproductive 

performance records of purebred (Landrace, Large White, and Duroc) and crossbred 

(reciprocal crossbred between Landrace × Large White and between Large White × 

Landrace) sows.  Purebred and crossbred sows were managed under the same 

management program.  Sows were housed in closed buildings (mating and farrowing 

buildings) using evaporative cooling system.  Breeding sows were kept in individual 

stalls in mating building of which the average temperature was 29.5 °C.  During day 

time, the lowest and highest temperature in the building was 25.0 and 33.0 °C, 

respectively.  Gilts were given ad libitum access to gestation diet that contained 14% 

of crude protein, 0.8% of lysine, and 3.0 Mcal/kg of digestible energy.  

 

After mating, sows were moved to farrowing building, the average 

temperature was 28.5 °C, and kept in individual farrowing pens.  They were fed by 

gestation diet of 1.8 to 2.0 kg/d from mating to day 2 of gestation, 2.0 to 2.5 kg/d 

from day 3 to 84 of gestation, and 2.5 to 3.0 kg/d from day 85 to 100 of gestation. 

From day 101 of gestation to farrowing, sows were given lactation diet of 3.0 to 3.5 

kg/d and then the diet amount was reduced to 2.0 kg/d at 2 or 3 days before expected 

farrowing.  The lactation diet contained 18% crude protein, 1.1% lysine and 3.3 Mcal 

of digestible energy per kg.  Then, sows were fed 1.0, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 

5.0 kg of lactation diet at farrowing, day 2, 3, 4, 5, 6, and 7 of lactation, respectively. 

From day 8 of lactation till weaning, sows were given ad libitum access to lactation 

diet. 
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After weaning, sows were moved back to mating building and were given 3.0 

kg/d or ad libitum access to gestation diet based upon individual sow’s body condition 

score.  Then, sows were mated at the first estrus reliably detected.  Estrus detection 

was performed twice a day (morning and evening) by staff in the presence of boars. 

Artificial insemination was used twice for each sow; first service was done within 8 to 

12 hours after sows performed standing heat and second service was done within 12 

hours after the first service.  

 

Mating scheme for the population, paternal and maternal lines of purebred 

swine (Large White and Landrace) were crossed to produce purebred progenies. 

Selection within purebred lines were done in order to improve their progeny’s 

performances and to maintain the nucleus population.  Purebred Large White and 

Landrace swine were reciprocal crossed to produce crossbred sows (Large White × 

Landrace and Landrace × Large White).  These crossbred will be used as maternal 

line in the parent stock level.  The litter records of purebred Large White, purebred 

Landrace, crossbred Large White × Landrace, and crossbred Landrace × Large White 

were used in this study. 

 

This swine commercial population has been improving for higher number of 

pig born alive per litter.  However, WEI has never been used in the selection plan. 

The study of WEI could reveal the efficiency of sows in this selected population.  

 

2. Traits and measurements 

 

  The data included reproductive and productive performance of purebred 

Large White, Landrace, Duroc and crossbred sows which were crossed between 

purebred Landrace and Large White.  The major trait of interest is weaning to estrus 

interval (WEI) which were defined as number of days between weaning and onset of 

estrus.  
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The intervals were measured in weaned sows that show physiological signs of 

estrus (i.e. red and swollen vulva, anxious, vuval mucous discharge, restlessness, or 

response to the riding test).  Other related traits were also investigated in this study to 

determine its effect on WEI.  There were number born alive (NBA), lactation length 

(LL), number of pigs weaned (NPW), litter weaning weight (LWW), and farrrowing 

interval (FI). 

 

Numbers of pigs born alive in each litter were recorded at farrowing.  Then, 

cross-fostering was conducted within each breed during the first 48 hour after birth to 

standardize litter size.  

 

 Lactation length is the number of days that sows nurse their litters.  For this 

commercial herd, purebred and crossbred sows were housed in individual pens during 

lactation period and then moved to mating area after weaning.  In order to keep 

system flow, sows which were mated in the same group will be moved together 

through the gestating, lactating, and mating times.  Therefore, LL was assigned by 

producer.  The normal lactation period range from 16 to 28 days.  Less than 5% of 

total breeding sows in this population had short or extended lactation period.  It was 

due to piglet’s structural soundness. 

 

 Number of pigs weaned and litter weaning weight measurements were done in 

each sow at weaning time.  Number of piglets per litter were recorded and weighed.  

 

 The interval is defined as the number of days from one farrowing to the next. 

In order to get one farrowing interval record, sows must have two litters.  Most of 

sows in this commercial population produced at least three litters.  However, 33% of 

the breeding sows in this population have only one litter record.  Age at farrowing 

(AF) and age at first farrowing (AFF) were collected in each sow. 
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3. Editing data 

 

The field dataset included sows weaned during the period from April 1995 to 

March 2005.  There were 32,358 litter records from 7,522 sows.  The average 

weaning age of this population was 21 days with a range individual weaning age from 

2 to 42 days.  Only continuous parity sows that had at least first parity information 

were considered for analysis.  Duplicated and missing records were eliminated from 

the dataset.  The litter records of the sows included the identification number, 

genetics, parity, sire, dam, year of birth, weaning to estrus interval (WEI) for each 

litter farrowed.  Parity was group into 6 groups as follow: 1, 2, 3, 4, 5 and ≥6. 

Contemporary groups were defined as year-month of weaning.  Cross-fostering was 

used, although information on number of piglets nursed was not provided. After 

editing process, edited dataset consisted of 24,429 litter records (75.49% of the field 

dataset) from 6,940 sows (2,270 Large White; 1,354 Landrace; 582 Duroc; 964 Large 

White × Landrace crossbred; and 1,772 Landrace × Large White crossbred).  

 

4. Dataset classification 

 

 According to the objectives of this study, range of data used in each trial was 

variable in size and breed group.  Base dataset was edited dataset which includes 

24,429 litter records from 6,940 sows.  Breed of sows were purebred Large White, 

purebred Landrace, purebred Duroc, Large White × Landrace crossbred, and 

Landrace × Large White crossbred.  The edited dataset was used to examine factors 

affecting to WEI in a commercial swine population (Trial 1), then the significant 

factors will be used in the model for genetic evaluation of WEI.  However, the 

intervals from weaning to express visible estrus of weaned sows in this population 

vary from 1 to 168 days.  To predict the genetic ability of WEI in these breeding 

sows, the range of dataset should be optimum for genetic improvement in order to get 

the most accurate result which would be practical for applying in the real commercial 

herd.  The edited dataset was arranged into four sub-datasets and these sub-datasets 

were tested (Trial 2).  The best sub-dataset resulted from the previous trial would be 
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used in the following analyses.  It included 21,049 litter records from 6,517 sows 

which returned to estrus within 12 days after weaning. 

 

 As the population consists of purebred and crossbred swine, ability of sows to 

return to estrus could vary between purebred and crossbred group because of the 

heterosis effect in crossbred sows.  To determine the heterosis level of crossbred sows 

in this population, purebred (Large White and Landrace) and reciprocal crossbred 

sows (Large White × Landrace and Landrace × Large White) were used (Trial 3). 

Purebred Duroc sows were not included in this study.  Therefore, the dataset 

contained 19,818 litter records from 5,985 sows.  The heterosis in crossbreds could 

not be passed to the next generation, but only the additive genetic would be 

transmitted to the offspring.  Variance components (additive genetic, permanent 

environment and residual variances) of WEI and genetic parameters were investigated 

in commercial sows (Trial 4).  The dataset included 21,049 litter records from 6,517 

sows which consisted of purebred Large White, Landrace, Duroc and crossbred sow 

crossed between Large White and Landrace. 

 

 The other traits which related to WEI (LL, NPW, and LWW) were also 

studied in order to determine heterosis level, variation and their relationship on WEI 

and FI in first litter sows (Trial 5).  Only first litter records of multiparous sows in this 

population were considered.  The dataset consisted of 3,679 litter records from 3,679 

multiparous sows (681 Landrace; 1,341 Large White; 587 Large White × Landrace; 

and 1,070 Landrace × Large White).  Numbers of records which were used in the 

analyses was summarized in Table 1. 

 

 

 

 

 

 

 



 

28

Table 1  A summary of datasets using in the analyses  

 

Frequency 

Breed group of sow1 (heads) Trial Record 

(records)

Sow 

(heads) LR LW DU LRLW LWLR

Remark 

1 24,429 6,940 1,354 2,270 582 1,772 964 Edited dataset 

2 24,429 6,940 1,354 2,270 582 1,772 964 Edited dataset 

3 19,818 5,985 1,221 2,161 - 1,686 917 81.12% of edited dataset

4 21,049 6,517 1,221 2,161 532 1,686 917 86.16% of edited dataset

5   3,679 3,679    681 1,341 - 1,070 587 15.06% of edited dataset 

and only first litter 

records were used 
1  LR, purebred Landrace; LW, purebred Large White; DU, purebred Duroc;  

LRLW, crossbred between Landrace × Large White; and  

    LWLR, crossbred between Large White × Landrace 
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Trial 1 

 

Factors affecting weaning to estrus interval in a commercial swine 

population raised in Thailand 

 

Objective: To examine factors affecting weaning to estrus interval in a 

commercial swine population raised in Thailand 

 

1. Data description 

 

 The edited dataset which were previously mentioned in the data and herd 

description part was used in this analysis.  A total of 24,429 litter records obtained on 

6,940 sows (1,354 Landrace; 2,270 Large White; 582 Duroc; 1,772 Landrace × Large 

White; and 964 Large White × Landrace) were used to determine factors affecting to 

WEI.  The edited dataset included performance records of sow that return to estrus 

after weaning from 0 to168 days. 

 

2. Statistical analysis 

 

Proc GLM procedure was used to measure the significance of possible effects 

found in the literature and were available in the dataset.  The effects were breed, 

parity, age at farrowing (AF), age at first farrowing (AFF), lactation length (LL), 

number born alive (NBA) and number of pigs weaned (NPW).  The least square 

means procedure (PDIFF option) was used to compare means when a significant F-

value was obtained.  Significant effects were considered at P < 0.05 and P < 0.01. 
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Trial 2 

 

The optimum range of dataset for genetic evaluation of weaning to estrus 

interval in a commercial swine population raised in Thailand 

 

Objective: To test for the optimum range of dataset for genetic evaluation of 

weaning to estrus interval 
 

1. Data description 
 

 The edited dataset was arranged into four sub-datasets in order to statistically 

test for an appropriate dataset for genetic improvement of WEI in this population.  

The sub-datasets were provided as follow:  

 

1) Sub-dataset 1 was the edited dataset.  

2) Sub-dataset 2 was the edited dataset with logarithmic transformation for 

intervals of 6 days and more for WEI, according to ten Napel et al. (1995), and the 

interval form 1 to 50 days for WEI was used (98.79% of the edited dataset).  The 

formula was: 

 

Transformed WEI ⎟
⎠
⎞⎜

⎝
⎛ −

−
−

−
= 6

)5ln()6ln(

)6ln(

)5ln()6ln(

ln(WEI)
    

 

3) Sub-dataset 3 was edited dataset where the intervals of WEI were 

truncated at 25 days. 

4) Sub-dataset 4 was edited dataset which eliminated records with the longer 

WEI than 12 days of interval. (86.16% of the edited dataset). 

 

The number of animals used in this analysis was equivalent for all sub-datasets 

because unused records in sub-dataset 2 and 4 were set to be missing values. 

Descriptive statistics for these four sub-datasets are presented in Table 2. 
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Table 2  Number of records, means and standard deviation of WEI for four sub-

datasets from commercial breeding sows 

 
Sub-dataset 

Descriptive statistics 
1 2 3 4 

Number of records (litters)    24,429    24,152    24,429    21,049 
Means (days) 8.43 6.19 7.49 5.23
Standard deviation (days) 10.49 3.15 6.06 1.70
Minimum (days) 1.00 1.00 1.00 1.00
Maximum (days) 168.00 17.52 25.00 12.00
 
 
2. Statistical analysis 
 

After fitting the linear model for WEI in the four sub-datasets, the residuals 

were tested for the normality with the null hypothesis that the sub-dataset of WEI is 

normally distributed.  Univariate procedure was used to test the normality of residuals 

for all four sub-datasets.  The values of test statistic which included Cramer-von 

Mises and Anderson-Darling, Skewness and Kurtosis were compared among sub-

datasets.  The tested factors included breed of sow, parity, interaction between year 

and month of weaning and age at farrowing.  The least square means procedure 

(PDIFF option) was used to compare means when a significant F-value was obtained. 

Significant effects were considered at P < 0.05 and P < 0.01. 
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Trial 3 

 

Heterosis effect of weaning to estrus interval in commercial crossbred 

sows raised in Thailand 

 

Objective: To determine heterosis effect of weaning to estrus interval in a 

commercial crossbred sows which were crossed between purebred Large White and 

Landrace. 

 

1. Data description 

 

The optimum range of dataset results from previous analysis was used to 

determine heterosis effect of commercial crossbred sows.  The dataset consisted of 

19,818 litter records on WEI from 5,985 sows which were weaned between May 1996 

and February 2005.  Purebred (Landrace and Large White) and reciprocal crossbred 

(Landrace × Large White and Large White × Landrace) sows were considered. 

Weaning to estrus interval records used in this study ranged from 1 to 12 days.  The 

average weaning age of this population was 21 days with a range individual weaning 

age from 2 to 42.  Only continually parity sows that had at least first parity 

information.  Table 3 contains the distribution of records for WEI on each breed 

group of sow.  

 

2. Model and analysis 

 

 Data on weaning to estrus interval was analyzed by using GLM procedure. 

The model included the fixed effect of birth year of sow, breed group of sow, parity, 

interaction between breed group of sow and parity and interaction between year and 

month of weaning.  All fixed effects and interactions were tested and they were 

significant (P < 0.01).  
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 As the previous analysis, when the breed group effect was significant (P < 

0.01), the analysis was rerun with the breed group effect partitioned into five single 

degrees of contrasts by using GLM procedure (ESTIMATE option).  They were 

heterosis effect, calculated as the crossbred mean minus the purebred mean [(LWLR 

+ LRLW) - (LW + LR)]/2; heterosis effect in LWLR reciprocal cross, calculated as 

[LWLR – (LW + LR)/2]; heterosis effect in LRLW reciprocal cross, calculated as 

[LRLW – (LW + LR)/2]; the difference between purebred, calculated as [LW - LR]; 

and the difference between reciprocal crossbred, calculated as [LWLR - LRLW].  

 

Table 3  Distribution of records for weaning to estrus interval in purebred Large 

White, purebred Landrace, reciprocal crossbred between Landrace and 

Large White and overall from commercial breeding sows 

 

Breed group1 
Items 

LW LR LWLR LRLW 
Overall 

Frequency of      

   Record (litters) 7,565 3,722 3,046 5,485 19,818 

   Sow (heads) 2,161 1,221 917 1,686 5,985 

   Boar (heads)    173 143 174 280 603 

   Dam (heads)    890 513 542 990 2,538 

Means (days)         5.02 5.33 5.34            5.45           5.23 

SD2 (days)         1.86 1.90 1.34            1.35          1.70 
1 LW, purebred Large White; LR, purebred Landrace;  

LWLR, reciprocal Large White × Landrace;  
and LRLW, reciprocal Landrace × Large White 

2 standard deviations for the common means above 
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Trial 4 

 

Estimation of variance components and genetic parameters for weaning 

to estrus interval in a commercial swine population in Thailand 

 

Objective: To estimate variance components and genetic parameters for 

weaning to estrus interval in a commercial swine population 
 

1. Data description 

 

The data consisted of 21,049 litter records on weaning to estrus interval from 

6,517 sows which were weaned between May 1996 and February 2005.  Weaning to 

estrus interval records used in this study ranged from 1 to 12 days.  The average 

weaning age of this population was 21 days with a range individual weaning age from 

2 to 42.  Only continually parity sows that had at least first parity information.  The 

litter records of sows included the identification number, genetics, parity, sire, dam, 

year of birth, weaning to estrus interval for each litter farrowed.  Parity was group into 

6 groups as follow: 1, 2, 3, 4, 5 and ≥6.  Contemporary groups were defined as year-

month of weaning.  Table 4 contains the statistical description for WEI in each breed 

group of sow.  
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Table 4  Statistical descriptions for weaning to estrus interval in purebred and   

crossbred sows 

 

Breed group1 
Items 

LW LR DU LWLR LRLW 
Overall 

Frequency of       

   Record (litters) 7,565 3,722 1,231 3,046 5,485 21,049 

   Sow (heads) 2,161 1,221 532 917 1,686 6,517 

   Boar (heads) 173 143 71 174 280 673 

   Dam (heads) 890 513 250 542 990 2,788 

Means (days) 5.02 5.33 4.94 5.34 5.45 5.23 

SD2 (days) 1.86 1.90 1.99 1.34 1.35 1.70 
1 LW, purebred Large White; LR, purebred Landrace;  

LWLR, reciprocal Large White × Landrace; and  
LRLW, reciprocal Landrace × Large White 

2 standard deviations for the common means  

 

2. Variance component estimation 

 

 A repeatability animal model with genetic group for estimating components of 

variance for WEI using the average information (AI) algorithm (ASREML; Gilmour 

et al., 2000) was as followed: 

 

    y = Xb + Zgaga + Zaaa + Wpe + e 

 

where 

 

y = vector of observations,  

b = vector of fixed effects, contemporary groups (year-month of 

weaning), parity, and age at farrowing (day), 

 ga = vector of genetic groups, 
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aa = vector of random additive genetic effects of sows, 

pe = vector of random permanent environment effects which is 

uncorrelated with sows, 

e = vector of residuals, 

X = incidence matrix related records to fixed effects, 

Zga = incidence matrix related records to genetic groups, 

Za = incidence matrix related records to random additive genetic 

effects of sows, and 

 W = incidence matrix related records to permanent environment 

effects. 

 

Means of observations and variance-covariances matrices of random variables are 

described in the following equations: 

 

                                                 E[y] = Xb + Zgaga 
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where 

 

 A = the numerator relationship matrix, 

 I = the identity matrix, 
 2

aσ  = the additive genetic variance, 

 2
peσ  = the permanent environment variance, and 

 2
eσ  = the residual variance. 
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3. Genetic parameters estimation 

 

 Estimated variance components from the estimation consisted of additive 
genetic ( 2

aσ ), permanent environment ( 2
peσ ), and residual variance ( 2

eσ ).  The 

phenotypic variance ( 2
pσ ) can be calculated by summation of those variances.  The 

variances were used to calculate genetic parameters, heritability and repeatability, by 

using the following equations (Bourdon, 2000): 

 

3.1 Heritability (h2) 

 

Heritability is a measure of the strength of the relationship between 

performance and breeding values for a trait in a population.  The most commonly 

used mathematical expression for heritability is the ratio of additive genetic variance 

to phenotypic variance.  The equation is as followed: 

 

2

2
2

p

ah
σ
σ

=  

 

3.2 Repeatability (t) 

 

Repeatability is a measure of the strength of the relationship between 

repeated records and the strength of relationship between single performance records 

and producing ability for a trait in a population.  The repeatability could be calculated 

by the ratio of the summation between additive genetic and permanent environmental 

variances to the phenotypic variance.  The equation is as followed: 

 

            2
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Trial 5 

 

The influence of lactation length, number of pig weaned and litter 

weaning weight on weaning to estrus interval and farrowing internal in first 

litter sows 

 

Objective: To estimate genetic parameters of weaning to estrus interval and 

other related traits of first litter sows in the commercial population 

 

1. Data description 

  

The productive and reproductive performances were measured from 3,679 

first litter sows.  The first litter records of primipaous and multiparous sows were 

considered in the study.  Productive traits investigated were lactation length (LL), 

number of pig weaned (NPW) and litter weaning weight (LWW).  Reproductive 

efficiency traits included weaning to estrus interval (WEI) and farrowing interval (FI) 

was analyzed.  The litter records of sows included the identification number, breed, 

pedigree information, birth date and age at farrowing.  Distribution of records for both 

productive and reproductive traits in first litter sows were presented in Table 5. 
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Table 5  Distribution of records for productive and reproductive traits in the first litter 

purebred and crossbred sows 

 

Breed group1 
Items 

LW LR LWLR LRLW Overall 

No. of records (litters)   1,341      681      587   1,070   3,679 

No. of sow (heads)   1,341      681      587   1,070   3,679 

No. of boar (heads)      129      113     142      215      462 

No. of dam (heads)      682      362     394      741   1,950 

Means      

    Lactation length (days)   20.77   20.76   21.10   20.60   20.77 

    Number of pig weaned (heads)     8.31     8.08     9.62     9.60     8.86 

    Litter weaning weight (kg)   43.38   42.54   58.53   58.50   48.98 

    Weaning to estrus interval (days)     5.42     5.81     5.82     5.91     5.70 

    Farrowing interval (days) 146.98 148.31 142.58 142.32 145.17 

Standard Deviation      

    Lactation length (days)     2.21     2.29     3.93     3.84     3.08 

    Number of pig weaned (heads)     3.02     3.10     3.52     3.56     3.35 

    Litter weaning weight (kg)   18.05   18.17   23.71   22.66   21.47 

    Weaning to estrus interval (days)     1.83     2.03     1.51     1.56     1.76 

    Farrowing interval (days)   25.59   24.31     8.55   10.35   19.93 
1   LW, purebred Large White; LR, purebred Landrace; 

    LWLR, reciprocal Large White × Landrace; and 

    LRLW, reciprocal Landrace × White Large 

 

2. Determination of heterosis effect  

 

 Heterosis is defined as the different between average performance of crossbred 

offspring and average performance of their parents.  In this study, performance 

records of Large White, Landrace and their reciprocal crossbred were considered to 

determined heterosis level for NPW, LWW, WEI and FI.  
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The least square means for NPW, LWW, WEI and FI were analyzed using 

GLM procedure.  The model included the fixed effect of breed group of sows, parity, 

interaction between birth year and month of sow and age at farrowing.  The analysis 

was run with the breed group effect partitioned into four single degrees of contrasts. 

They were heterosis effect in LWLR reciprocal cross, calculated as [LWLR – (LW + 

LR) /2]; heterosis effect in LRLW reciprocal cross, calculated as [LRLW – (LW + 

LR) /2]; the difference between purebred, calculated as [LW - LR]; and the difference 

between reciprocal crossbred, calculated as [LWLR - LRLW]. 

 

3. Variance component estimation 

 

 A multivariate animal model with genetic group for estimating components of 

variance for NPW, LWW, WEI and FI using the average information (AI) algorithm 

(ASREML; Gilmour et al., 2000) was as followed: 

 

y = Xb + Zgaga + Zaaa  + e 

 

with  
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where 

 

y = vector of observations of the traits studied,  

b = vector of fixed effects, contemporary groups (year-month of 

weaning), parity, and age at farrowing (day), 
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 ga = vector of genetic groups, 

aa = vector of random additive genetic effects of sows, 

e = vector of residuals, 

X = incidence matrix related records to fixed effects, 

Zga = incidence matrix related records to genetic groups, and 

Za = incidence matrix related records to random additive genetic 

effects of sows. 

  

Means of observations and variance-covariances matrices of random variables are 

described in the following equation: 
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where  

 

 Ga = Go ⊗  A where Go is the matrix of additive genetic covariances, 

A is the numerator relationship matrix, ⊗  is a Kronecker 

 product function (Searle, 1982), and 

R = Ro ⊗  I where Ro is the matrix of residual covariances.  

 

 

4. Genetic parameters estimation 

 

Estimated variances and co-variances were used to estimate heritability and 

repeatability for NPW, LWW, WEI and FI.  Phenotypic and genetic correlations 

among those traits were also determined by using the following equations (Bourdon, 

2000): 
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4.1 Heritability (h2)  

 

Heritability for NPW, LWW, WEI and FI were calculated by ration of the 

additive genetic variance to the phenotypic variance.  The equation is as followed: 

 

2

2
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p
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σ

=    

4.2 Repeatability (t) 

 

Repeatability for NPW, LWW, WEI and FI were calculated by ratio of the 

summation of additive genetic and permanent environmental variances to the 

phenotypic variance.  The equation is as followed: 
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4.3 Correlation (r) 

 

Correlation between two traits is a measurement of relationship between 

one trait to another trait.  The correlations between traits are population measures, it 

should not be referred to in the context of a single animal, and they vary depending on 

the population.  The correlation can be classified by sign (positive or negative) and its 

value.  In this study, phenotypic correlations of LL, NPW, and LWW on WEI and FI 

were examined.  For genetic correlation, the relationships between NPW and WEI, 

NPW and FI, LWW and WEI, and LWW and FI were considered. 

 

4.3.1  Phenotypic correlation  

 

Phenotypic correlation is a measurement of the strength of the 

relationship between performance in one trait and performance in another trait.  The 

general formula is: 
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4.3.2  Genetic correlation 

 

Genetic correlation is a measurement of the strength of the 

relationship between breeding values for one trait and breeding values for another 

trait.  The general formula is: 

 

22

,
),(

.
yx

yx

yx

EBVEBV

EBVEBV
EBVEBVr

σσ

σ
=  

 

 

 



 

44

RESULTS AND DISCUSSION 

 

Trial 1 

 

The level of significance for all factor were summarized in Table 6.  Breed, 

parity, birth year, weaning month, weaning year and interaction between weaning 

year and weaning month of sow had significantly influenced on weaning to estrus 

interval (WEI).  But no significance effect of age at farrowing (AF), age at first 

farrowing (AFF), lactation length (LL), number born alive (NBA) and number of pigs 

weaned (NPW) on WEI.  

 

Table 6  Levels of significance for factors included in the statistical model 

 

Factors Weaning to estrus interval 

Breed ** 

Parity ** 

Birth year ** 

Weaning year ** 

Weaning month  ** 

Weaning year and weaning month interaction ** 

Age at farrowing (AF; day) NS 

Age at first farrowing (AFF; day) NS 

Lactation length (LL; day) NS 

Number born alive (NBA; head) NS 

Number of pigs weaned (NPW; head) NS 

* = P < 0.05, ** = P < 0.01, NS = P > 0.05 
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The effect of AF and AFF on WEI has not been examined for genetic 

evaluation in commercial swine herd in Thailand.  However, age at first service in 

gilts was tested for lifetime reproductive performance and efficiency by Culbertson 

and Mabry (1995).  They suggested that decreasing the first service age of gilts 

appeared to improve lifetime efficiency.  As the study of Culbertson and Mabry 

(1995) in first parity sows, age at first service had effect on lifetime performance. 

Therefore, the result of this study showed that age at first farrowing has no significant 

influenced on WEI. 

 

The effect of LL on WEI was studied by Tantasuparuk et al. (2000b).  The 

data they used was based on field dataset from swine population which was raised in 

Thailand.  They found that LL was not influenced on WEI.  The result of this study 

was in agreement with their work.  

 

Number of pig at weaning has no significantly effect on WEI (P > 0.05).  It 

was due to less variation of number of pigs weaned among weaned sows.  Numbers of 

piglets in each lactating sows were cross-fostered to equal litter size since the first 48 

hours after parturition.  

 

Phenotypic variation for WEI in difference breed groups, least square means 

and standard errors were summarized in Table 7. 

 
Table 7  Least square means and standard errors for weaning to estrus interval by 

breed group 
 
Breed group Number of record  Weaning to estrus interval (days) 
Landrace 2,803 5.53 ± 0.07b 
Large White 5,671 5.19 ± 0.07a 
Duroc    957 5.19 ± 0.08a 
Landrace × Large White 4,530 5.69 ± 0.07c 
Large White × Landrace 2,583 5.63 ± 0.07c 
a, b, c least square means within the column with different superscripts differ (P < 0.05)  
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Crossbred sows had significantly higher WEI than purebred sows (P < 0.05), 

but the difference in WEI between Landrace × Large White and Large White × 

Landrace crossbred were not significant.  Among purebred groups, Landrace sows 

had significantly longer WEI than Large White and Duroc sows (P < 0.05).  The 

result in this study was in agreement with Tantasuparuk et al. (2000a).  

 

 The sow reproductive performance, WEI, relate to parity number was 

represented in Table 8.  Overall records of WEI were used to calculate least square 

means and the difference between parities were presented. 

 

Table 8  Least square means and standard errors for weaning to estrus interval by 

parity 

 

Parity Number of record Weaning to estrus interval (days) 

   1 5,530  5.97 ± 0.05a 

   2 3,936  5.46 ± 0.05b 

   3 2,494  5.31 ± 0.06c 

   4 1,856  5.37 ± 0.08bc 

   5 1,270  5.25 ± 0.09c 

  ≥6 1,458  5.31 ± 0.11bc 
a, b, c least square means within the column with different superscripts differ (P < 0.05) 

 

Least square means for WEI was longest in the first parity sows and thereafter 

declined significantly as parity number increased (P < 0.05).  This study was agreed 

with previous studies (Tummaruk et al., 2000; Tantasuparuk et al., 2000a; Belstra et 

al., 2004).  The first parity sows need more time for the next productive cycle.  It is 

because of they enter the breeding system without experiencing gestation and 

lactation, thus they consume less feed (Koketsu et al., 1998) and utilize more nutrients 

for growth, maintenance and nursing than higher parity sows (Pluske et al., 1998). 

The inadequate feed intake during lactation could prolong WEI, especially in the first 

parity sows (Whittemore, 1996).  The results suggested that producers should give 
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optimum feed intake and intensive care for the first parity sows.  This also happened 

for all breed groups in this study.  The least square means for WEI in multiple parities 

for purebred and crossbred sows and the difference between parity were showed in 

Table 9. 

 

Table 9  Least square means and standard errors for weaning to estrus interval in 

purebred and crossbred sows by parity 

 

Breed group1 
Parity 

LR LW DU LRLW LWLR 

1 5.94 ± 0.07a 5.63 ± 0.05a 5.35 ± 0.12 5.93 ± 0.04a 5.83 ± 0.05a 

2  5.27 ± 0.08bc 5.28 ± 0.06b 5.04 ± 0.14 5.24 ± 0.05b 5.28 ± 0.06b 

3 5.10 ± 0.10c  5.11 ± 0.07bc 5.02 ± 0.18 5.12 ± 0.06b   5.06 ± 0.07bc

4 5.50 ± 0.11b 4.98 ± 0.08c 5.33 ± 0.25 5.23 ± 0.07b   5.15 ± 0.08bc

5  5.20 ± 0.14bc   5.00 ± 0.09bc 4.67 ± 0.35 5.19 ± 0.07b 4.93 ± 0.09c 

≥6  5.19 ± 0.16bc   5.15 ± 0.10bc 4.70 ± 0.53 5.22 ± 0.06b   5.12 ± 0.07bc

a, b, c least square means within the column with different superscripts differ (P < 0.05) 
1 LW, purebred Large White; LR, purebred Landrace; DU, purebred Duroc  
  LWLR, reciprocal Large White × Landrace; and  
  LRLW, reciprocal Landrace × Large White 

 

The purebred and crossbred sows which returned to heat after weaning within 

12 days had the averages WEI in the range of 5 to 6 days.  Least square means for 

WEI in each breed were significantly different between the first parity and 

subsequence litters (P < 0.05) except Duroc sows.  The result is consistent with 

Tantasuparuk et al. (2000a) who studied the reproductive performances of purebred 

Landrace and Yorkshire sows in Thailand with special reference to parity number. 

They concluded that weaning to first service interval was longest for the first parity 

sows and declined as parity increased.  The result is further supported by Belstra et al. 

(2004) who examined the effect of parity on WEI in commercial sow farms located in 

the United States.  
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Based on the results getting from this analysis, factors affecting the 

performance of breeding sows to return estrus after weaning were in agreement with 

other previous studies in both temperate and tropical climates.  However, other factors 

such as body weight and backfat loss during lactation period, ovulation time, and boar 

contract were not estimated because that information was not available in this dataset.  

Therefore, the further study of WEI should include these effects in the analysis in 

order to get more information for the development of farm management and for 

genetic improvement of WEI. 
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Trial 2 

 

The distribution of WEI in this population was double peaks. It may due to 

silent estrus or the conception failure after first mating.  For the analyses to improve 

genetic ability of sows to return to estrus after weaning, WEI records were 

transformed by using natural logarithm before running the analysis (Ten Napel et al., 

1995; Hanenberg et al., 2001), were truncated at 25 days (Johnson, 1997; Ehlers et 

al., 2005), or were used without upper limited truncation (Adamec and Johnson, 

1997).  Therefore, the best fitted dataset for genetic analysis would ensure accurate 

genetic information of individuals for the improvement.  In this study, four sub-

datasets of WEI were provided in order to examine factors affecting WEI and to test 

for the normality.  Significant factors influenced to WEI were presented in Table 10.  
 
Table 10  Levels of significance for factors included in the statistical model  
 

Sub-datasets1 
Factors 

1 2 3 4 
Breed ** ** ** ** 
Parity ** ** ** ** 
Weaning year ** ** ** ** 
Weaning month  ** ** ** ** 
Year-month of weaning ** ** ** ** 
Age at farrowing (AF; day) NS ** NS ** 

Age at first farrowing (AFF; day) NS NS NS NS 

Lactation length (LL; day) NS NS NS NS 

Number born alive (NBA; head) NS NS NS NS 

Number of pigs weaned (NPW; head) NS NS NS NS 

** = P < 0.01, * = P < 0.05, NS = P > 0.05 
 

According to the fixed effects used in Trial 1, those factors were used again in 

this analysis.  Breed of sow, parity, interaction between year and month of weaning 

were significantly affected to WEI in all four sub-datasets (P < 0.01).  However, AF 
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was significantly influenced on WEI in sub-dataset 2 and 4.  After fitting the model, 

residuals of WEI were tested for the normality.  The statistical tests of residuals for 

WEI were summarized in the Table 11. 
 

Table 11  Statistical tests of residuals for weaning to estrus interval using different 
four sub-datasets 

 
Sub-datasets1 

Statistical Tests 
1 2 3 4 

Cramer-von Mises 724.62 299.04 571.30 91.70 
 (<0.01)2 (<0.01) (<0.01) (<0.01) 
Anderson-Darling 3,581.62 1,633.24 3,070.24 509.96 
 (<0.01) (<0.01) (<0.01) (<0.01) 
Skewness 5.40 1.61 2.05 0.99 
Kurtosis 45.85 2.17 2.96 2.79 

1 1, edited dataset includes data of weaning to estrus interval from 1 to 168 days;  
   2, sub-dataset 1 which performed a logarithm transformation;  
   3, sub-dataset 1 of which the intervals were truncated at 25 day; and  
   4, sub-dataset 1 which was included only the data of WEI from 1 to 12 days. 
2  the number in parenthesis is p-values for the test statistics above 
 

Statistic values and p-values showed that distribution of all sub-datasets were 

not normal.  Based on the Cramer-von Mises statistics with p-values less than 0.01 for 

all sub-datasets, Null hypothesis of the tests were rejected.  The Anderson-Darling 

statistics also result in p-values less than 0.01, which confirm the conclusion that all 

four sub-datasets were not normally distributed. 

 
For descriptive statistic, the Skewness and Kurtosis are commonly used to 

check the normality of dataset.  If a variable is normally distributed, its Skewness and 

Kurtosis are zero and three, respectively.  The results from the analysis showed that 

the distributions of four sub-datasets were skewed to the right because values of 

Skewness were greater than zero.  However, the smallest Skewness was found in sub-

dataset 4.  Kurtosis of the sub-dataset 1 was higher than three.  It denoted that the 

distribution has thin tails and a higher peak compared to a normal distribution.  Large 
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variation of WEI was found in the sub-dataset 4 compared to the remaining sub-

datasets.  Because of the values of Kurtosis in sub-dataset 2, 3, and 4 were less than 

three, their distributions had thicker tails and lower peaks.   

 

From these descriptive statistic results, sub-dataset 2 and 4 were more likely to 

be normal distributed.  However, the untransformed data in sub-dataset 4 was easier 

to analyze and elimination of prolonged WEI (only 13.84% of the edited field dataset) 

may not affect to the structure of the population.  It could be concluded that the sub-

dataset 4, which was included the records of WEI from 1 to 12 days, had the optimum 

range for genetic evaluation. 

 

For economic reason, using sub-population which returned to estrus within 12 

days in genetic evaluation may reduce cost of non-productive days in the future 

offspring because prolonged WEI sows were excluded.  This upper limited value may 

be used as a criterion for improving WEI in this commercial population.  However, 

consideration on genetic relationships between WEI and other economic traits were 

also important.  

 

For breed and parity comparisons, least square means of WEI in sub-dataset 1, 

2, and 3 had larger standard errors than in sub-dataset 4 (Table 12).  
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Table 12  Least square means and standard errors for wean to estrus interval in different sub-datasets by breed group and parity 

 

Breed group2 Parity 
Sub-dataset 1 

LR LW DU LRLW LWLR Overall 1 2 3 4 5 ≥6 

1 11.15a 

(0.24)3 

9.86c 

(0.20) 

11.25a 

(0.33) 

10.71a 

(0.24) 

10.55b 

(0.26) 

8.43 

(10.49) 

 13.12x 

(0.22) 

10.20yz

(0.14) 

10.61y 

(0.25) 

9.94c 

(0.27) 

10.49y 

(0.29) 

9.88z 

(0.28) 

2 9.28b 

(0.15) 

8.68c 

(0.13) 

9.79a 

(0.20) 

9.05bc 

(0.15) 

8.84bc 

(0.17) 

7.65 

(7.17) 

 10.50x 

(0.14) 

8.65z 

(0.15) 

8.96y 

(0.16) 

8.71z 

(0.17) 

9.15y 

(0.16) 

8.80yz 

(0.17) 

3 9.28b 

(0.15) 

8.68c 

(0.10) 

9.79a 

(0.20) 

9.05c 

(0.15) 

8.84c 

(0.17) 

7.49 

(6.07) 

 10.50x 

(0.14) 

8.65z 

(0.15) 

8.96y 

(0.16) 

8.71z 

(0.17) 

9.15y 

(0.18) 

8.80yz 

(0.17) 

4 5.41b 

(0.05) 

5.10b 

(0.04) 

5.07c 

(0.06) 

5.49a 

(0.05) 

5.34b 

(0.05) 

5.23 

(1.70) 

 6.00x 

(0.07) 

5.37y 

(0.05) 

5.23y 

(0.05) 

5.17y 

(0.06) 

4.95z 

(0.08) 

4.93z 

(0.11) 
a, b, c, d, x, y, z least square means within the row with different superscripts differ (P < 0.05) 
1   1, edited dataset includes data of weaning to estrus interval from 1 to 168 days; 2, sub-dataset 1 which performed a logarithm 

transformation; 3, sub-dataset 1 of which the intervals were truncated at 25 day; and 4, sub-dataset 1 which eliminated records with the 

longer WEI than 12 days of interval. 
2   LW, purebred Large White; LR, purebred Landrace; DU, purebred Duroc  

    LWLR, reciprocal Large White × Landrace; and LRLW, reciprocal Landrace × Large White 
3   the number in parenthesis is standard errors for the least square means above 
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For breed comparison, least square means for WEI which included 1 to 12 

days of interval were summarized by parity in Table 13.  Sows in all breed groups 

returned to estrus after weaning within 6 days of average.  First parity sows in each 

breed group had the longest WEI (P < 0.05) as the results found in Trail 1. 
 
Table 13  Least square means and standard errors for sub-dataset 4 which is included 

records of WEI from 1 to 12 days in Landrace (LR), Large White (LW), 
Duroc (DU), Landrace × Large White (LRLW) and Large White × 
Landrace (LWLR) crossbred by parity 

 
Breed groups of sows 

Parity 
LR LW DU LRLW LWLR 

1 6.07 ± 0.07a 5.63 ± 0.05a 5.59 ± 0.09a 6.06 ± 0.07a 5.96 ± 0.08a 
2 5.37 ± 0.07c 5.26 ± 0.06b 5.12 ± 0.10b 5.51 ± 0.07b 5.52 ± 0.09b 
3 5.25 ± 0.08c 5.03 ± 0.07c 5.06 ± 0.12b 5.52 ± 0.08b 5.27 ± 0.10c 
4 5.57 ± 0.09b 4.95 ± 0.08c  5.30 ± 0.16ab 5.38 ± 0.09b 5.23 ± 0.11c 
5 5.17 ± 0.11c 4.89 ± 0.09c 4.95 ± 0.21b 5.33 ± 0.11b 4.99 ± 0.12c 
≥6 5.22 ± 0.13c 4.97 ± 0.11c  5.51 ± 0.26ab 5.30 ± 0.12b 5.17 ± 0.12c 

a, b, c least square means within the column with different superscripts differ (P < 0.05) 
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Trial 3 

 

 Least square means for weaning to estrus interval (WEI) and the heterosis 

level were presented in Table 14.  From the overall breed group analysis, average 

WEI in crossbred group was longer than purebred Landrace and Large White sows (P 

< 0.01).  On the contrary, Belstra et al. (2004) found that crossbred between 

Yorkshire boar and other breeds have short WEI compared to purebred Yorkshire. 

However, heterosis for WEI in crossbred sows caused those sows spent more time to 

return to estrus compared to purebred.  

 

From the analysis, breed group effect was significant (P < 0.01) and when 

partitioned into five single degree of freedom contrasts, heterosis was significant (P < 

0.01).  In this study, crossbred group (LWLR and LRLW; 5.67 ± 0.07 days) has 0.32 

± 0.04 day of WEI longer than purebred Landrace (5.53 ± 0.08 days) and purebred 

Large White sows (5.18 ± 0.07 days).  Generally, overall breed group and overall 

parity, there was 5.98 % heterosis for WEI in this commercial population.  

Furthermore, heterosis for WEI varies between parities in each particular and overall 

breed groups (Table 14 and 15).  Range of heterosis for WEI in the crossbred (LWLR 

and LRLW) was from 0.18 ± 0.08 to 0.46 ± 0.16 day.  According to the objective of 

selection program in this population, number born alive (NBA) has been purposed to 

improve herd productivity.  Weaning to estrus interval information has not been 

considered to select the replacement.  Thus, this could be a reason that allows 

occurring of longer WEI in crossbred progeny than in purebred-parents.   

 

 Heterosis for WEI in this study was also considered for each reciprocal cross. 

Least square means, heterosis level, the mean difference for WEI in purebred and 

reciprocal crossbred were represented in Table 15.  Linear contrasts among least 

square means for WEI were calculated to provide heterosis levels for reciprocal 

crosses. 
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Table 14  Least square means and heterosis level for weaning to estrus interval in 

purebred Large White, Landrace and crossbred sows by parity 

 

Breed type1  
Parity 

Purebred Purebred Crossbred  
Heterosis 

 LW LR   day % 

  1   5.65Ac    6.12Bc    6.27Cb  0.39 6.63 

 (0.06)2 (0.07) (0.06)  (0.04)  

  2   5.33Aa    5.42Ab    5.65Ba  0.28 5.21 

 (0.06) (0.08) (0.07)  (0.06)  

  3    5.13Aa    5.28Aa    5.53Ba  0.33 6.34 

 (0.08) (0.09) (0.08)  (0.07)  

  4    5.02Ab    5.72Ba    5.55Ba  0.18 3.35 

 (0.09) (0.11) (0.10)  (0.08)  

  5    5.02Aa    5.38Ba    5.48Ba  0.28 5.33 

 (0.12) (0.14) (0.11)  (0.10)  

≥6     4.96Aa       5.27ABa     5.57Ba  0.46 8.99 

 (0.14) (0.18) (0.13)  (0.12)  

Overall   5.18A   5.53B   5.67C  0.32 5.98 

 (0.07) (0.08) (0.07)  (0.04)  
1  LW, purebred Large White; LR, purebred Landrace; and 

   Crossbred, all female offspring crossed between purebred LW and LR.   
2   the number in parenthesis is standard errors for the least square means above 
A, B, C least square means within the row with different superscripts differ (P < 0.05) 
a, b, c least square means within the column with different superscripts differ (P < 0.05) 
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Table 15  Least square means, heterosis level, purebred and reciprocal differences for weaning to estrus interval in purebred Large 

White, Landrace and reciprocal crossbred groups by parity 

1   LW, purebred Large White; LR, purebred Landrace; LWLR, reciprocal Large White × Landrace; and LRLW, reciprocal Landrace × Large White 
2   the number in parenthesis is standard errors for the least square means above 
A, B, C, D least square means within the row with different superscripts differ (P < 0.05) 
a, b, c least square means within the column with different superscripts differ (P < 0.05) 

Breed group1 Heterosis 
Purebred Reciprocal Reciprocal Purebred LWLR LRLW Parity 

LW LWLR LRLW LR day % day % 

Purebred 
Difference 
(LW – LR) 

Reciprocal 
difference 

(LWLR–LLW) 

1 5.66Ac 6.02BCc 6.14Cb 6.11Bc 0.14 2.39 0.26 4.42 -0.45 -0.12 
 (0.07)2 (0.09) (0.08) (0.08) (0.08)  (0.06)  (0.06) (0.08) 
2 5.21Ab 5.52Bb 5.53Ba 5.32Aa 0.26 4.94 0.26 4.94 -0.11 -0.01 
 (0.05) (0.08) (0.06) (0.06) (0.08)  (0.06)  (0.07) (0.09) 
3 4.90Aa 5.22ABa 5.46BCa 5.12ABa 0.21 4.19 0.45 8.98 -0.22 -0.24 
 (0.04) (0.08) (0.06) (0.06) (0.09)  (0.07)  (0.08) (0.10) 
4 4.75Aa 5.10Bab 5.27Ba 5.38Bb 0.04 0.79 0.20 3.95 -0.63 -0.17 
 (0.05) (0.09) (0.07) (0.07) (0.10)  (0.08)  (0.08) (0.11) 
5 4.63Aa 4.81ABa 5.14Aa 4.91ABa 0.04 1.47 0.37 7.76 -0.29 -0.33 
 (0.08) (0.11) (0.09) (0.10) (0.11)  (0.09)  (0.10) (0.12) 

    ≥6 4.65Aa 4.86Bab 5.03Ba 4.92ABa 0.07 1.46 0.24 5.01 -0.28 -0.17 
 (0.11) (0.12) (0.12) (0.13) (0.09)  (0.08)  (0.11) (0.09) 

Overall 4.97A 5.26B 5.43C 5.30B 0.13 2.53 0.30 5.84 -0.33 -0.17 
 (0.02) (0.04) (0.03) (0.03) (0.04)  (0.03)  (0.03) (0.04) 
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In these two reciprocal crossbreed groups, least square means for WEI in 

Large White × Landrace (LWLR) and Landrace × Large White (LRLW) were 5.61 ± 

0.08 and 5.71 ± 0.07 days, respectively.  The result showed that LWLR performed 

high reproductive performance to return estrus after weaning than LRLW.  From the 

first to sixth parity, the range of heterosis of WEI for LWLR was 0.12 ± 0.10 to 0.38 

± 0.15 day while the range for LRLW was 0.22 ± 0.09 to 0.51 ± 0.14 day.  LWLR 

cross has a narrower WEI range than LRLW crossbred sows.  For overall analysis, 

heterosis for WEI was 0.26 ± 0.05 for LWLR and 0.36 ± 0.04 for LRLW.   

 

Linear contrasts among least square means for WEI were calculated to provide 

comparison of the difference between purebred and reciprocal crossbred.  For 

purebred comparison, Large White sows have shorter WEI (-0.35 ± 0.05 day) than 

Landrace sows (P < 0.05).  This result was in agreement with the study of 

Tantasuparuk et al. (2000a) on weaning to first service interval in purebred Landrace 

and Large White sows which were raised under Thailand conditions.  They found that 

average interval was significantly (P < 0.01) higher in Landrace sows (7.60 ± 0.13 

days) compared to Large White sows (6.80 ± 0.17 days).  However, the higher 

purebred difference was found in the study of Tantasuparuk et al. (2000a) because of 

wider range of dataset was allowed up to 35 days of the interval whereas WEI in this 

study was limited at 12 days. 

 

In reciprocal crossbred sows, LWLR had WEI and heterosis (5.61 ± 0.08 days 

and 0.26 ± 0.05 day) lower (P < 0.05) than LRLW (5.71 ± 0.07 days and 0.36 ± 0.04 

day).  This suggests that using LWLR crossbred sows as dam line to produce market 

hogs could make more net economic returns compared to LRLW crossbred sows.  
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Trial 4 

 

Estimated variance component by using repeatability animal model and 

genetic parameters for WEI in this commercial population were presented in Table 

16.  Variation of WEI was due to permanent environment more than additive genetic 

effect.  The result revealed that very little additive genetic variance exists for WEI.  

 

Table 16  Estimation of variance components and genetic parameters from an 

univariate analysis for weaning to estrus interval 

 

Variance components Weaning to estrus interval 

    Additive genetic variance (day2) 0.09 

    Permanent environment variance (day2) 0.18 

    Residual variance (day2) 2.35 

    Phenotypic variance (day2) 2.62 

    Heritability 0.03 ± 0.011 

    Repeatability 0.10 ± 0.011 
1 means and standard errors for the heritability and repeatability 

 

The estimated heritability was found to be 0.03 for this commercial sow 

population.  This low heritability indicated that selection for improving WEI should 

be done by utilization of BLUP based selection program and the selection by using 

phenotypic performances of individual would cause the inconsistency of genetic 

improvement.  In the previous studies, heritability for WEI ranged from 0.03 to 0.36. 

Most of studies were done by using a field dataset of purebred population (Ten Napel 

et al., 1995; Sterning et al., 1998; Adamec and Johnson, 1997; Holm et al., 2005), or 

crossbred population (Fahmy et al., 1979), but pooled dataset between purebred and 

crossbred sows was less evaluated (Ehlers et al., 2005).  In the present study, field 

data from purebred and crossbred were combined to estimate genetic parameters for 

WEI and the heritability for WEI of sows in this population was in range of those 

reports in previous studies.  
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Repeatability for WEI was found to be low (0.10) for breeding sows in this 

population.  It could be indicated that WEI was hardly repeatable.  Then, only the first 

record of WEI in a sow could not used to make decision for culling.  

 

  As the result in the study of Ehlers et al. (2005), the repeatability for WEI 

was zero.  Nevertheless, the repeatability for WEI was less studied because of most 

researchers considered only first litter records to evaluate WEI (Fahmy et al., 1979; 

Ten Napel et al., 1995) or considered records of different parities as different traits 

such as the study of Adamec and Johnson (1997) and Holm et al. (2005).  They found 

that lower parity sows had greater estimated heritability for WEI than later parity 

sows.  The other studies in the literature did not report the repeatability. 

 

The latest additive genetic variance for WEI was found in Large White sows. 

Phenotypic variations of WEI in crossbred sows were less than the purebred sows. 

Estimated breeding values for WEI in each animal group were summarized in Table 

17.  Estimated breeding values (EBV) for WEI was ranged from -0.46 to 0.56 for 

overall records. Ranged of EBV for sow, boar and dam were similar.  This could be 

indicated that less genetic variation of WEI among animal groups was occurred in this 

population.  Using breeding stock within the population may not improve the WEI of 

future female offspring.  In order to improve WEI of this population, the importation 

of out-source genetic was necessary.   

 

Table 17   Range of estimated breeding values for weaning to estrus interval by 

animal group 

 

Animal groups Estimated breeding value for weaning to estrus interval (day)1 

     Sow -0.43 ± 0.27 to 0.57 ± 0.27 

     Boar -0.46 ± 0.21 to 0.54 ± 0.27 

     Dam -0.46 ± 0.25 to 0.53 ± 0.26 

     Overall -0.46 ± 0.21 to 0.57 ± 0.27 
1 range of estimated breeding values and standard errors 
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Estimated variance components and genetic parameters among breed groups 

of sows were represented in Table 18. 

 
Table 18  Estimates of variance components and genetic parameters for weaning to 

estrus interval by breed group 
   

Breed group1 
Variance components 

LR LW DU LRLW LWLR 
Additive genetic (day2) 0.19 0.15 0.13 0.05 0.07 
Permanent environment (day2) 0.09 0.16 0.05 0.21 0.21 
Residual (day2) 2.98 2.35 3.47 1.38 1.27 
Phenotypic (day2) 3.26 2.66 3.65 1.63 1.56 
Genetic parameters      
    Heritability  0.06 

  (0.02)2 
0.06 

(0.01) 
0.04 

(0.03) 
0.03 

(0.02) 
0.05 

(0.03) 
    Repeatability  0.09 

(0.02) 
0.12 

(0.01) 
0.05 

(0.03) 
0.16 

(0.02) 
0.18 

(0.02) 
1 LW, purebred Large White; LR, purebred Landrace;  
   LWLR, reciprocal Large White × Landrace; and  
   LRLW, reciprocal Landrace × Large White 
2 the number in parenthesis is standard errors for the means above 
 
 Estimated heritabilities for WEI were ranged from 0.03 to 0.06.  The genetic 
ability of sows to return estrus in this population was not much different between 
breed groups.  Most variation of WEI performances were due to the permanent 
environment and others factors as the results found in overall population (Table 16).  
This suggested that environmental factors such as farm management and quality of 
the nutrition had major influence on the onset of estrus in weaned sows.  Therefore, 
reducing WEI by the development of management system and maintenance of feeding 
quality would be compatible for swine producers in practice.  In long term selection 
for improving WEI, the genetic information which is predicted by using unbiased 
method is required.  In additional, uniform environmental factors could maximize the 
expression of the genetic improvement and this may result in high genetic 
improvement of the selected breeding population.  
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 Ranges of estimated breeding values (EBV) for WEI were similar among 
purebred group (Table 19).  Large White boars and dams had lower EBV than the 
others while the highest EBV for WEI was found in purebred Landrace.   

 

Table 19 Range of estimated breeding values for weaning to estrus interval in 

purebred Large White, Landrace, Duroc and reciprocal crossbred between 

Large White and Landrace sows by animal group 

 

Breed group1 Animal  

groups LR LW DU LRLW LWLR 

Sow -0.43 to 0.57 -0.34 to 0.50 -0.33 to 0.55 -0.36 to 0.47 -0.29 to 0.49 

Boar -0.38 to 0.48 -0.46 to 0.36 -0.32 to 0.54 - - 

Dam -0.42 to 0.53 -0.46 to 0.37 -0.25 to 0.31 - - 

Overall -0.43 to 0.57 -0.46 to 0.50 -0.33 to 0.55 -0.36 to 0.47 -0.29 to 0.49 
1 LW, purebred Large White; LR, purebred Landrace;  
   LWLR, reciprocal Large White × Landrace; and  
   LRLW, reciprocal Landrace × Large White 

 

To evaluate interval from weaning to estrus through genetic base, breeding 

sow with low EBV should be selected for produce litters.  Although, low heritability 

of WEI was found, selection based on additive genetic of individual sow would take 

long time.  Improvement sow performance through management could be applied for 

this population. 
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Trial 5 

 

1. Productive and reproductive performances  

 

Least square means for productive and reproductive performances of the first 

litter sows in this population are presented in Table 20.  Average performances across 

parity for lactation length (LL), number of pig weaned (NPW) and litter weaning 

weight (LWW) were 20.77 ± 3.08 days, 8.56 ± 3.35 heads and 48.98 ± 21.47 kg, 

respectively.  According to reproductive performances, these sows had 5.70 ± 1.76 

days and 145.17 ± 19.93 days of average for weaning to estrus interval (WEI) and 

farrowing interval (FI). 

 

Table 20   Least square means for weaning to estrus interval and other related traits in 

the first litter sows by breed group 

 

Traits of study Breed 

group1 WEI LL NPW LWW FI 

LW 5.32 ± 0.07a 21.10 ± 0.11a 8.41 ± 0.13a 44.56 ± 0.77a 146.53 ± 0.75 

LR 5.78 ± 0.08b 21.00 ± 0.09a 8.06 ± 0.16a 42.88 ± 0.93a 147.85 ± 0.93 

LWLR 5.92 ± 0.09c 22.06 ± 0.13b 9.77 ± 0.19b 58.99 ± 1.20b 146.96 ± 1.10 

LRLW 5.98 ± 0.09c 21.78 ± 0.11b 9.83 ± 0.16b 59.28 ± 1.05b 146.68 ± 0.97 

Overall3  5.70 ± 1.76 20.77 ± 3.08  8.56 ± 3.35 48.98 ± 21.47 145.17 ± 19.93 
a, b, c least square means within the column with different superscripts differ (P < 0.05) 
1   LW, purebred Large White; LR, purebred Landrace; LWLR, reciprocal Large 

White × Landrace; and LRLW, reciprocal Landrace × Large White 
 2    least square means and standard errors for LL, lactation length (days); NPW, 

number of pig weaned (heads); LWW, litter weaning weight (kg); WEI, weaning to 

estrus interval (days); and FI, farrowing interval (days) 
3   common means and standard deviations 
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 In this population, average performances ranged from 21.00 to 22.06 days for 

LL, 8.06 to 9.83 heads for NPW, 42.88 to 59.28 kg for LWW, 5.32 to 5.98 days for 

WEI, and 146.53 to 147.85 days for FI. For LL, the optimum lactating period was 

found to be 21 to 28 days for commercial swine herds in the United States (Tubbs, 

1990; King et al., 1998). 

 

The average productive performance found in the reciprocal crossbred sows 

(LWLR and LRLW) was similar but it was significantly higher than purebred sows (P 

< 0.05).  Crossbred sows nursed more piglets per litter and produced heavier LWW. 

Therefore, they required longer period to return to estrus after weaned compared to 

purebred groups.  A significant difference (P < 0.05) in WEI was found between 

purebred Large White, Landrace and crossbred groups.  However, average of FI was 

not significantly different among breed groups for this population (P > 0.05).  Least 

square means and heterosis level for productive and reproductive traits are shown in 

Table 21.  

 

Crossbred sows had higher performances than purebred sows (P < 0.05), 

heterosis effects for LWLR sows were 18.64% for NPW, 34.93% for LWW, 6.67% 

for WEI and -0.16% for FI.  Heterosis levels for NPW, LWW, WEI and FI in LRLW 

were found to be 19.37%, 35.59%, 7.75% and -0.35%, respectively.  LRLW sows 

produced more weaning pigs, heavier litter weight at wean and had shorter farrowing 

interval compared to LWLR sows.  Therefore, the LRLW sows had longer WEI than 

the other crossbred.  

 

Purebred comparisons revealed that Large White sows had greater NPW and 

heavier LWW than Landrace sows.  Shorter intervals from weaning to estrus (0.46 

day) and between farrowing (1.32 days) were found in Large White.  For the 

difference of average performance between reciprocal crossbred, LWLR produced 

less NPW and had lower LWW than LRLW sows. 
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Table 21   Least square means by breed group, heterosis level, purebred difference and reciprocal difference for weaning to estrus 

interval and other related traits in the first litter sows 

 

a, b, c least square means within the row with different superscripts differ (P < 0.05) 
1  LW, purebred Large White; LR, purebred Landrace; LWLR, reciprocal Large White × Landrace;  
    and LRLW, reciprocal Landrace × Large White 

  2   LL, lactation length (days); NPW, number of pig weaned (heads); LWW, litter weaning weight (kg); WEI, weaning to estrus interval 
(days); and FI, farrowing interval (days)   

 3     the number in parenthesis is standard errors for the least square means above 

Breed group1 Heterosis 

Purebred Reciprocal Reciprocal Purebred LWLR LRLW Traits2 

LW LWLR LRLW LR units % units % 

Purebred 

Difference 

[LW-LR] 

Reciprocal 

Difference 

[LWLR-LRLW] 

NPW 8.41a 9.77b 9.83b 8.06a 1.54 18.64 1.59 19.37 0.35 -0.06 

 (0.13) (0.19) (0.16) (0.16) (0.18)  (0.16)  (0.16) (0.16) 

LWW 44.56a 58.99b 59.28b 42.88a 15.27 34.93 15.57 35.59 1.67 -0.29 

 (0.77) (1.20) (1.05) (0.93) (1.17)  (1.00)  (0.91) (1.11) 

WEI 5.32a 5.92c 5.98c 5.78b 0.37 6.67 0.43 7.75 -0.46 -0.06 

 (0.07) (0.09) (0.09) (0.08) (0.10)  (0.09)  (0.08) (0.09) 

FI 146.53 146.96 146.68 147.58 -0.23 -0.16 -0.51 -0.35 -1.32 0.28 

 (0.75) (1.10) (0.97) (0.93) (1.08)  (0.95)  (0.92) (0.98) 
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In the present study, the average LL of 20.77 days in the first litter sows was 

similar to the average LL in multiparous U.S. sows (20.00 days; King et al., 1998) but 

it was lower than the LL mean of French herds (27.20 days; Le Cozler et al., 1997). 

The difference of mean LL was found between regions, possibly because of the 

difference of management criteria.  The average LL in purebred was shorter than 

crossbred sows (P < 0.05).  The result was in agreement with the study of Belstra et 

al. (2004).  

 

In first litter sows, means of NPW for each breed group were in the range of 

8.06 to 9.83 pigs, with an average value of 8.56 ± 3.35 pigs.  This finding was similar 

to the means in previous studies (Southwood and Kennedy, 1991; Ten Napel and 

Johnson, 1997).  The inconsistency between studies may be caused by different 

number of pig born alive per litter and management practices such as cross-fostering 

among litters.  In this study, crossbred sows had higher NPW than purebred sows (P < 

0.05).  

 

King et al. (1998) reported an average of 56.70 ± 5.80 and 61.80 ± 5.80 kg of 

adjusted 21 day litter weaning weight for sows raised in cornbelt and south or eastern 

regions of the United States, respectively.  The average LWW of the first litter sows 

(48.98 ± 21.47 kg) in the present study was lower than those reported by King et al. 

(1998).  Average LWW varied in each farm due to the variation of number of pig 

weaned in a litter, individual growth performance, their maternal ability and other 

environmental effects.  A smaller litter size at weaning was found in the studied 

population.  Growth rate and other effects could not be compared owing to the 

unavailable information in both populations.  Average LWW found by Willis et al. 

(2003) was 40.20 ± 1.20 in sows which were weaned at day 14 of lactation and 66.20 

± 1.80 kg in sows weaned at day 24 of lactation.  The result showed that LWW was 

affected by LL.  

 

Average WEI found in this study was similar to the study of Ten Napel et al. 

(1995).  Therefore, lower WEI was found in the range of 4.80 ± 0.20 to 5.50 ± 0.20 
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days in commercial first litter sows (Belstra et al., 2004).  This difference in WEI was 

due to the management in particular herd.  However, breed of sow also influenced the 

ability to return to estrus after weaning.  

 

Average FI in the first litter sow among breed groups ranged from 146.53 ± 

0.75 to 147.85 ± 0.93 days, with the population mean of 145.17 ± 19.93 days (Table 

14).  The higher FI means (148.30 ± 9.66 to 150.20 ± 13.53 days) were also found in 

first litter Australian pigs of which breed groups is as same as sows in our study 

(Tholen et al., 1996a).  It was due to the nonequivalent of LL and non-productive sow 

days such as days from weaning to estrus or days from wean to conception. 

 

2. Variance components estimation and heritability 

 

 Variance components and heritabilities are presented in Table 22.  The 

estimated heritabilities were low for all traits.  This indicates that variation in these 

productive and reproductive traits were due primarily to non-additive genetic and 

environmental effects. 

 

Table 22  Estimated variance components and heritability for number of pig weaned 

(NPW), litter weaning weight (LWW), weaning to estrus interval (WEI) 

and farrowing interval (FI) in first litter sows 

 

Variance components1  

Traits 
2
aσ  2

eσ  2
pσ  Heritability2 

NPW (head2) 0.15 9.91 10.05 0.01 ± 0.02 

LWW (kg2) 0.24 2.75 2.99 0.08 ± 0.03 

WEI (days2) 8.15 345.22 353.02 0.02 ± 0.02 

FI (days2) 21.97 345.06 367.00 0.06 ± 0.02 
1 2

aσ , additive genetic variance; 2
eσ , residual variance; and 2

pσ , phenotypic variance 

2 estimated heritabilities and standard errors 
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For this breeding sow population, heritabilities for NPW, LWW, WEI and FI 

were estimated to be 0.01 ± 0.02, 0.08 ± 0.03, 0.02 ± 0.02 and 0.06 ± 0.02, 

respectively.  For NPW, the value of heritability found in this study was low (0.01 ± 

0.02).  The finding estimated was lower than those estimates reported by Ferraz and 

Johnson (1993) and Adamec and Johnson (1997).  It is possibly caused by cross-

fostering in the studied population.  

 

For LWW, not only direct genetic variation affects to variation of LWW, but 

the variation was also caused by their maternal ability (Ferraz and Johnson, 1993; 

Adamec and Johnson, 1997).  However, the maternal effect was not included in the 

multivariate model in this study because the maternal ability variation for LWW was 

close to zero.  Estimated heritability for LWW was less (0.08 ± 0.03) than the direct 

heritability reported by Ferraz and Johnson (1993), but similar to the study of Adamec 

and Johnson (1997).  Improvement in these lowly heritable traits, NPW and LWW, 

should be done by improvement of environment factors and by utilization of a best 

linear unbiased prediction (BLUP) based selection program.  

 

The estimated heritability for WEI was within the range of 0.03 to 0.36 which 

was reported in previous studies (Fahmy et al., 1979; Ten Napel et al., 1995; 

Rydhmer, 2000; Holm et al., 2005; and Ehlers et al., 2005).  This low heritability 

indicates that WEI would be greatly influenced by environmental effect.  Improving 

environment factors such as improvement of nutrition management during lactating 

period and ability of inseminators to detect estrus after weaning would improve WEI. 

Thus, selection for reducing WEI by using individual breeding value predicted by 

BLUP method should be effective.  

 

For FI, the estimated value (0.06 ± 0.02) was lower than the values reported 

by Tholen et al. (1996b) and Rydhmer (2000).  Genetic effects influencing FI were 

also small in this dataset and the variation of environmental effects for FI was 

influenced by several components during a farrowing to the next one.  Then, selection 

for reducing FI should improve the interval from weaning to estrus, improve ability of 
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Artificial Insemination (AI), adjust nutrition management and select superior animals 

using genetic information solved by BLUP method. 

 

3. Phenotypic and genetic correlations 

 

 Estimated phenotypic and genetic correlations between productive traits and 

WEI and FI are given in Table 23.  All productive traits had low phenotypic 

correlation to WEI and FI (P < 0.01).  

 

Table 23  Phenotypic correlations and genetic correlations between production traits 

and weaning to estrus interval and farrowing interval in first litter sows 

 

Phenotypic correlations2  Genetic correlations2  

Traits1 WEI FI  WEI FI 

NPW 0.05 ± 0.02 

(P < 0.01) 

0.02 ± 0.02 

(P < 0.01) 

 0.51 ± 0.47 

(P < 0.01) 

-0.09 ± 0.66 

(P < 0.01) 

LWW 0.01 ± 0.02 

(P < 0.01) 

0.02 ± 0.02 

(P < 0.01) 

 0.01 ± 0.24 

(P < 0.01) 

0.09 ± 0.37 

(P < 0.01) 
1 NPW, number of pig weaned (heads); LWW, litter weaning weight (kg);  

  WEI, weaning to estrus interval (days); and FI, farrowing interval (days) 
2  estimated correlations and standard errors 

 

Result in the current analysis revealed that NPW was genetically correlated to 

WEI (0.51 ± 0.47).  It indicates that selection for increased weaned pigs would 

prolong interval from weaning to estrus in first litter sows.  Similar relationship 

between NPW and WEI was previously reported in the study of Rydhmer et al. 

(1992) using multiparous records, although other researchers reported low genetic 

correlation between WEI and NPW (Adamec and Johnson, 1997).  However, NPW 

was affected by cross-fostering after parturition.  If number of pigs nursed in litter 

was optimum and sows had enough feed during lactation period, the number of sows 

with prolonged WEI may decrease.  
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The opposite result was found by Willis et al. (2003) in Canadian primiparous 

crossbred sows.  They reported no relationship between NPW and WEI (P > 0.05). 

However, sows which were weaned at day 14 of lactation trend to prolong WEI 

compared to sows weaned at day 24 of lactation.  Number of pigs nursed within a 

litter also relates to the nursing period.  Thus, reducing lactating period may decrease 

the interval from weaning to estrus in sows.  However, sows with longer LL may have 

more time to balance their metabolic status (Hulten et al., 1993).  Thus, adequate 

nutrition intake during lactation must be considered. 

 

Farrowing interval was lowly correlated with NPW (-0.09 ± 0.66) and LWW 

(0.09 ± 0.37).  Selection for reducing FI would not affect selection for improving 

NPW and LWW due to the low genetic correlation among these traits has occurred 

within this population.  However, the study of Xue et al. (1993) on the association 

between sow LL, the productivity of individual sows at their subsequent farrowings, 

and annual productivity of 39 commercial swine herds in the United States.  They 

found that reduction of LL reduces FI, which could increase the number of pigs 

weaned per sow per year. 

 

The results getting from this analysis revealed low phenotypic and genetic 

relationship between WEI and other related traits.  It was due to the nucleus herd in 

this population was continually selected for increasing litter size and WEI has never 

been included in the selection program.  For future study, the analysis should be done 

in swine population which was selected for reducing WEI and improving others 

economically important traits.  The phenotypic and genetic correlations may differ 

from the results in this study and that information may cause in more profitability for 

swine producers in the future. 
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CONCLUSIONS 
 

A field dataset of sows’ performances from a commercial swine population 

was used to determine factors affecting weaning to estrus interval (WEI).  Factors of 

breed of sows, parity and interaction between weaning year and weaning month 

significantly affected to WEI (P < 0.01).  However, no effect of age at farrowing, age 

at first farrowing, lactation length, number of pigs born alive and pigs weaned on WEI 

in this commercial population (P > 0.05).  The results from this study suggested that 

WEI varies among breed groups and Large White sows showed the best maternal 

ability than the other breeds in purebred groups.  Moreover, the first parity sows need 

to be intimately cared in nutrition intake during lactation because the first parity sows 

are still in the growing period and nutrients were used for growth, maintenance and 

nursing their litter.  

 

For this commercial population, four sub-datasets were statistically tested for 

the optimum range of data used in the genetic analysis.  All sub-datasets were not 

normal distributed.  Sub-dataset which included records of WEI from 1 to 12 days of 

interval was the most appropriate range of data for genetic improvement.  

 

 Increasing in WEI in crossbred sows was found in this population.  The 

heterosis effect of WEI between reciprocal crossbred groups was higher in crossbred 

sows which were produced from Landrace boar and Large White dam.  Based on the 

results getting from the studied population, choosing Large White as boar line to 

produce crossbred sows could fasten the reproductive cycle and minimize cost in pork 

production system.  

 

Low heritability of WEI was found for breeding sows in this population.  It 

indicated that WEI was greatly influenced by environmental factors.  This could be 

imply that improving WEI, reducing the days from wean to estrus, should be done by 

utilization of BLUP-based selection program and development of management 
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system. Nevertheless, the improvement of genetic ability of sow to return to estrus 

could be done in farm level.  Moreover, the repeatability of WEI for the population 

was also low.  This suggests that WEI was hardly repeatable and only the first record 

of individual sows could not be used as a key factor for selection decision.  

  

The study on the relationship between WEI and other related traits to WEI was 

done in first parity sows.  Average performance for LL, NPW, LWW, WEI and FI of 

the first parity sows in this population were 20.77 ± 3.08 days, 8.56 ± 3.35 heads, 

48.98 ± 21.47 kg, 5.70 ± 1.76 days and 145.17 ± 19.93 days, respectively.  Crossbred 

sows (LWLR and LRLW) had higher performances than purebred sows (P < 0.05). 

However, average of FI was not significantly different among breed group for this 

population (P > 0.05).  The LRLW crossbred sows had greater and heavier litter 

weaning pigs and had shorter FI compared to LWLR sows even they had longer WEI 

(P < 0.05).  Estimated heritabilities for NPW, LWW, WEI and FI were low. 

Phenotypic performance for LL, NPW and LWW were low correlated to WEI and FI 

(P < 0.01).  Genetic correlation between NPW and WEI was high (0.51 ± 0.47).  

 

In order to improve WEI of breeding sows in this population, intensive care 

during lactation period is required especially for first litter sows.  Uniformity of 

environmental factors such as feed and herd management could maximize the 

expression of genetic improvement for WEI.  However, importation of out-source 

genetic and utilization of BLUP-based selection program are also necessary. 
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Appendix Table 1   Number of observations for weaning to estrus interval in the 

edited field dataset by parity 

 

Parity Breed 

Group1    1   2      3       4 5 6 7 8 9 10 11

LR 1,349 1,040 776 574 375 211 78 21 4 - -

LW 2,265 1,879 1,550 1,305 1,014 665 241 74 10 - -

DU 577 390 257 156 87 33 15 7 1 - -

LWLR 965 711 473 397 314 257 168 72 19 1 -

LRLW 1,774 1,321 821 680 540 428 300 157 62 11 2

Overall 6,930 5,341 3,877 3,112 2,332 1,594 802 331 96 12 2
1 LR, purebred Landrace; LW, purebred Large White; DU, purebred Duroc; LWLR,  
   reciprocal Large White × Landrace; and LRLW, reciprocal Landrace × Large White 

 

 

Appendix Table 2   Number of observations for weaning to estrus interval in the 

edited field dataset by weaning year of sow 

 

Weaning year of sow Breed 

Group1 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

LR 20 113 399 613 768 739 672 608 429 68

LW 83 329 951 1,433 1,407 1,199 1,298 1,131 976 196

DU - - 28 74 256 405 299 200 222 39

LWLR - - - 125 813 906 1,103 1,095 1,657 398

LRLW - - - 66 380 490 613 686 925 217

Overall 103 442 1,378 2,311 3,624 3,639 3,985 3,720   4,209 918
1 LR, purebred Landrace; LW, purebred Large White; DU, purebred Duroc; LWLR,  
   reciprocal Large White × Landrace; and LRLW, reciprocal Landrace × Large White 
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Appendix Table 3   Number of records of weaning to estrus interval in different sub- 

dataset by parity 

 
Parity 

Sub-dataset1 Breed group2 
      1        2        3       4        5    ≥6 

1 LR 1,349 1,040 776 574 376 314
 LW 2,265 1,879 1,550 1,305 1,014 990
 DU 577 390 257 165 87 56
 LRLW 1,774 1,321 821 680 541 960
 LWLR 965 711 473 397 314 517 
 Overall 6,930 5,341 3,877 3,121 2,332 2,837
2 LR 1,284 1,027 771 574 374 314
 LW 2,226 1,867 1,540 1,301 1,013 989
 DU 570 388 255 154 87 56
 LRLW 1,740 1,310 806 674 537 957
 LWLR 946 706 466 395 312 513
 Overall 6,766 5,298 3,838 3,098 2,323 2,829
3 LR 1,349 1,040 776 574 376 314
 LW 2,265 1,879 1,550 1,305 1,014 990
 DU 577 390 257 165 87 56
 LRLW 1,774 1,321 821 680 541 960
 LWLR 965 711 473 397 314 517
 Overall 6,930 5,341 3,877 3,121 2,332 2,837
4 LR 957 920 688 526 341 290
 LW 1,793 1,670 1,316 1,134 831 821
 DU 445 336 215 125 68 42
 LRLW 1,514 1,229 730 629 485 898
 LWLR 835 663 427 361 278 482
 Overall 5,544 4,818 3,376 2,775 2,003 2,533

1 1, edited dataset includes data of weaning to estrus interval from 1 to 168 days;  
   2, sub-dataset 1 which performed a logarithm transformation;  
   3, sub-dataset 1 of which the intervals were truncated at 25 day; and  
   4, sub-dataset 1 which was included only the data of WEI from 1 to 12 days 
2 LW, purebred Large White; LR, purebred Landrace; LWLR,  
   reciprocal Large White × Landrace; and LRLW, reciprocal Landrace × Large White 
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Appendix Table 4   Least square means and standard errors for wean to estrus 
interval ranged from 1 to 168 days in Landrace (LR), Large 
White (LW), Duroc (DU), Landrace × Large White (LRLW) and 
Large White × Landrace (LWLR) crossbred by parity 

 
Breed groups 

Parity 
LR LW DU LRLW LWLR 

1 15.14 ± 0.36a 10.98 ± 0.31a 13.12 ± 0.49a 12.79 ± 0.39a 12.54 ± 0.47a

2 9.81 ± 0.42b 8.94 ± 0.36b 10.33 ± 0.58b 10.58 ± 0.44b 10.03 ± 0.52b

3 9.78 ± 0.49b 9.48 ± 0.42b 10.82 ± 0.71b 10.67 ± 0.50b 10.52 ± 0.58b

4 9.06 ± 0.58b 8.99 ± 0.49b 10.82 ± 0.90b  9.45 ± 0.57c  9.16 ± 0.66bc

5 9.01 ± 0.70b 10.10 ± 0.57a 11.11 ± 1.16ab    9.58 ± 0.65bc 9.28 ± 0.75bc

≥6 8.37 ± 0.80b 9.74 ± 0.65b 10.78 ± 1.45ab  8.08 ± 0.70d 8.37 ± 0.76c

a, b, c, d least square means within the column with different superscripts differ (P < 0.05) 

 
 
Appendix Table 5   Least square means and standard errors for wean to estrus 

interval which performed natural logarithm in Landrace (LR), 
Large White (LW), Duroc (DU), Landrace × Large White 
(LRLW) and Large White × Landrace (LWLR) crossbred by 
parity 

 
Breed groups 

Parity 
LR LW DU LRLW LWLR 

1 11.78 ± 0.20a 9.49 ± 0.17a 11.05 ± 0.28a 10.43 ± 0.21a 10.10 ± 0.26a 
2 8.62 ± 0.22b 8.12 ± 0.18b 9.11 ± 0.32b 8.97 ± 0.23b 8.72 ± 0.28b 
3 8.64 ± 0.24b 8.59 ± 0.19b 9.60 ± 0.38b 9.23 ± 0.24b 8.83 ± 0.30b 
4 8.48 ± 0.27b 8.35 ± 0.20b 9.76 ± 0.49b 8.68 ± 0.26c 8.69 ± 0.32bc

5 8.38 ± 0.32b 9.16 ± 0.22a 10.28 ± 0.63ab 8.90 ± 0.28bc 8.73 ± 0.35bc

≥6 8.24 ± 0.35b 9.26 ± 0.22b 10.76 ± 0.78ab 8.19 ± 0.23d 8.13 ± 0.29c 
a, b, c, d least square means within the column with different superscripts differ (P < 0.05) 
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Appendix Table 6   Least square means and standard errors for wean to estrus 
interval truncated at 25 days in Landrace (LR), Large White 
(LW), Duroc (DU), Landrace × Large White (LRLW) and Large 
White × Landrace (LWLR) crossbred by parity 

 
Breed groups 

Parity 
LR LW DU LRLW LWLR 

1 11.96 ± 0.19a 9.78 ± 0.16a 11.50 ± 0.27a 10.83 ± 0.19a 10.59 ± 0.22a 
2 8.92 ± 0.23b 8.39 ± 0.19c 9.48 ± 0.32b 9.15 ± 0.22b 9.05 ± 0.26b 
3 8.95 ± 0.27b 8.97 ± 0.23b 9.88 ± 0.39b 9.46 ± 0.27b 9.03 ± 0.32b 
4 8.85 ± 0.32b 8.76 ± 0.27bc 10.36 ± 0.50b 8.79 ± 0.31b 8.83 ± 0.36bc 
5 8.78 ± 0.39b 9.67 ± 0.31a 10.55 ± 0.66ab 9.02 ± 0.36b 8.82 ± 0.42bc 
≥6 8.40 ± 0.45b 9.63 ± 0.36a 10.90 ± 0.82ab 8.09 ± 0.39c 8.07 ± 0.42c 

a, b, c least square means within the column with different superscripts differ (P < 0.05) 
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Appendix Figure 1  Histogram and normal probability plot for residuals of WEI 

ranged from 1 to 168 days (sub-dataset 1) 
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Appendix Figure 2  Histogram and normal probability plot for residuals of WEI 

which performed natural logarithm (sub-dataset 2) 
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Appendix Figure 3  Histogram and normal probability plot for residuals of WEI 

which truncated at 25 days (sub-dataset 3)
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Appendix Figure 4  Histogram and normal probability plot for residuals of WEI 

ranged from 1 to 12 days (sub-dataset 4)
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