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ABSTRACT

The objective of the current study was to determine the influence of lactational

photoperiod on the weaning to estrus interval (WEI), time of ovulation, sow and litter

performance during lactation and rebreeding performance of the weaned sows from two

different lactation photoperiod treatments. A total of 98 Cotswold sows of mixed parity

were used in two trials. The sows in both trials were randomly assigned across parity to

one of two lighting treatments beginning 7d before farrowing and throughout lactation -

short (9h light; n : 46) or long (14h lighq n: 52). Starting at "lights-on" (0800h) on day

17 + zdof lactation, sows were weaned within I hour of each other. Sows were moved

into the breeding/gestation barn under th photoperiod immediately after weaning, where

they were checked for estrus twice daily starting the day after weaning, using a mature

boar. Time of estrus onset, duration of estrus and time of ovulation were recorded for

each sow. A mature boar did the initial breeding when a sow responded positively to the

back pressure test. This mating was then followed by two artificial inseminations at

approximately 6-10h and again 24hafter the initial breeding. Time of ovulation was

determined using transrectal ultrasonography twice and four times daily during trials 1

and2, respectively. All sows were monitored for rebreeding performance and subsequent

farrowing rates.

There was no difference in the WEI, duration of estrus or the time of ovulation

relative to weaning between the short and long photoperiods (P > 0.05). However, time of
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ovulation relative to onset of estrus was significantly different between treatment groups

(P:0.038). No significant differences were found between born alive, the number of

piglets weaned, average piglet weaning weight, litter weaning weights, average daily feed

intake and sow weight change from crate entry until weaning. A positive correlation was

seen between WEI and the interval from weaning to ovulation (P < 0.0001), regardless of

treatment. Negative correlations were seen between WEI and duration of estrus and the

interval from estrus onset to ovulation, regardless oftreatment.

Although sows from the long photoperiod showed a non-significant delay in

return to estrus, greater synchrony was apparent when they did return to estrus compared

to the sows from the short photoperiod treatment (29% and35Yo; day 4 and 5,

respectively). Conversely, a slightly shorter WEI (P :0.20), displayed by the sows in the

short photoperiod, could be beneficial in early detection of estrus. This study illustrates

that sow's can be sensitive to a changing photoperiod, which in turn can influence the

WEI and time of owlation. This information can be used in developing suitable

management strategies in both the farrowing and breeding barns to help maximize the

sow's reproductive productivity and efficiency.
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CHAPTER 1

TNTRODUCTION

Trends in today's swine industry are demanding greater reproductive performance

and efficiency from the domestic sow. Efficiency can be measured by non-productive

days (NPD), lactation length and pigs (litters)/sow/year. NPDs are the days in which a

sow is not pregnant or nursing a litter. Producers aim to minimize NPDs, thus

maximizing the number of piglets/sodyear.

Early weaning of piglets, at approximately T4-2Id, has become increasingly

popular in today's swine industry. Theoretically, by decreasing a sow's lactation length,

her potential to produce more pigs per year increases. This enables producers to increase

the efficiency of their production facilities at the same time as maximizing the number of

piglets weaned per sow per year. Early weaning also facilitates the all-in all-out

production style of today's large commercial barns. The facility can be properþ cleaned

and disinfected between groups of farrowing so\rys, thus decreasing the possibility of

disease transfer between animals.

Although an overall increase in the number of piglets produced may increase in a

facility, early weaning can have negative effects on the sow's reproductive performance.

Foxcroft et al. (1995) noted that the weaning to estrus interval (WEI), weaning to service

interval and weaning to conception interval increase with a decrease in lactation length
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(< 14d), which all contribute to elevated NPDs. As well, higher NPDs are a result, in part,

of an increase in variation in WEI between sows, which results in suboptimal

insemination times, thus lower subsequent litter size. However, if producers are

employing early weaning for herd health reasons, they often disregard this decrease in

production. Therefore, with the knowledge that early weaning c¿rn increase overall

production, other aspects must be carefully examined and manipulated in an effort to

offset the negative effects on the breeding sow resulting from early weaning.

Sows in commercial production units must return to estrus after weaning so that

they can be inseminated and establish a new pregnancy. The return to estrus normally

occurs within 3-7d after weaning and ovulation occurs near the end of estrus (Soede &

Kemp, 1997). However, even under optimal conditions, the variation in the WEI and the

variation in the time of ovulation relative to estrus onset are far too great (Flowers &

Esbenshade,1993; Kemp & Soede, 1997). Recently, a positive correlation was

established between the actual hour of weaning, relative to onset of lighting, and the

onset of estrus @vans et al., 1996; Bowen, 2000) suggesting that sows weaned early in

the morning at "lights-on" will begin estrus during daylight hours when routine estrus

checks would be made.

In practice, the variable occurrence of reproductive events places significant

demands on labour for estrus detection and inseminatiorq and wastes semen because sows

are inseminated two or more times. Little is known about the factors that cause the

variation in the WEI or the weaning to ovulation interval in sows. If we could manage

postweaning ovarian follicular growth in sows, then it may be possible to reduce the

variation in the interval from weaning to estrus or ovulation. This reduction would benefit



the producer by shortening the period of estrus detection and insemination and possibly

eliminate the need for double inseminations if a precise synchronization of ovulation

could be achieved.

Reproductive performance of domestic sows is significantly influenced by

seasonality. Today's domestic pigs are descendants of European wild boars, who are

seasonal breeders, and display anestrus during the summer months (Foxcroft et al., 1995;

Kermabon et al., 1995). Seasonal (summer) infertility on coÍnmercial farms has been

documented by several researchers and is charactenzed by lowered ovarian activity,

increased autumn abortion rates, decreased conception and farrowing rates, irregular

return to estrus after weaning, longer WEI and delayed puberty in gilts. Photoperiod

rather than ambient temperature seems to be the main environmental factor responsible

for this seasonal infertility (Delcroix et al., 1990; Love et al., 1993; Peltoniemi et al.,

1999). Furthermore, a short-day photoperiod appears to be optimal for reproductive

performance of the domestic sow (Kermabon et al., 1995). However, in practice,

photoperiods used in different facilities are inconsistent. Some barns have a short

photoperiod while others employ a long photoperiod during lactation to try to increase

piglet performance. Long photoperiods (14-l6h) are common in breeding/gestation barns.

Making use of the sow's responsiveness to photoperiod, should translate into improved

biological efficiency and economic gains for the facility. However, the relationship

between photoperiod duration, time of weaning and WEI still remains unclear.

The main objective of this research was to determine the effect of lactational

photoperiod with timed weaning on WEI, time of ovulation, sow and litter performance

during lactation and subsequent reproductive performance in sows kept under a short (9h



light) or long (14h light) daylight regime during lactation. Based on research by

Kermabon et al. (1995) and Prunier et al. (1994), it is hypothesized that those sows

maintained under the short (9h light) photoperiod during lactation will have a more

synchronous return to estrus and time of ovulation after weaning. This could enable a

precise time of insemination to be established for optimal fertilization rates.

Determination of differences between so\rys weaned from a short or long lactation

photoperiod will provide a better understanding of the mechanisms that control and

influence the WEI and time of ovulation. Additionally, this will assist producers in

developing suitable management strategies in both the farrowing and breeding barns to

help maximizethe so\ry's reproductive productivity and efficiency, as well as increase

economic returns.



CHAPTER 2

REVIEW OF THE LITERATURE

Introduction

Seasonal infertility in the domestic sow has been recognized as a potential

economic loss to the pig industry since the late 1970s (Love, 1978; Stork, 1979).In

practice, seasonal infertility is often attributed to high ambient temperatures during the

summer. However, research indicates that photoperiod provides the primary cue for

determining the season when reproductive activity is most appropriate (Claus & Weiler,

1985; Love et al., 1993). Breeding barns, on the other hand, are often on a long

photoperiod, which is detrimental to those animals that are sensitive to seasonal changes.

Farrowing rate, weaning to estrus interval (WEI), as well as age at puberty in gilts

are all influenced by season pove et al., 1993; Prunier et al., 1996). Late summer and

early autumn are the seasons when these reproductive parameters consistently show the

poorest values indicative of a 'seasonal infertility period'. Reports on the seasonal effects

on litter size have been unclear (Love et al., 1993; Xue et al., 1994). Other consequences

of this seasonal infertility are lower ovarian activity, decreased conception rates, irregular

return to estrus after weaning and increased abortion rates.
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The physiological basis for the seasonal trends seen in the reproduction of the

domestic sow is not clearly understood. However, Claus and Weiler (1985) noted that the

seasonal infertility period of the domestic sow coincides with the non-breeding season in

the European wild boar. It seems that an indication of this seasonal breeding persists in

the domestic pig.

Management strategies and genetic selection have made it possible for the

domesticated sow to give birth to more than two litters each year (Love et al., 1993).

Among these management strategies, the most important are constant high quality feed

supply, weaning by 28d of lactation and exposure of weaned sows to the influence of a

mature boar. In the wild, a sow may conceive a second time in a year if the first litter dies

or is removed at an early age. As well, sows will breed again in the spring if there is an

ample supply of food available (Mauget, 1982).

By decreasing a sow's lactation length, her potential to produce a greater number

of pigs per year is increased. Since the gestation length of sows is, on average, 114d and

cannot be altered without damaging effects to the litter, early weaning of piglets (at

approximately l4-2ld), has become the standard method of weaning in the swine

industry today. Although begun primarily to benefit piglet health, this practice is seen as

a way of increasing the number of piglets per sow per year and thereby increasing the

efficiency of the production unit.

While an overall increase in sow productivity may be seen as beneficial, early

weaning can have negative effects on the breeding sow's reproductive performance.

Foxcroft et al. (1995) reported an increase in the WEI, weaning to service interval and

weaning to conception interval as the length of lactation was decreased below 21d.
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Further, a reduction in conception rate and litter size, increased rates of cystic follicles

and increased early embryonic death are common when so\Ã/s are weaned between 0-7d

after farrowing (Elliot et al. 1980;Foxcroft et al., 1995). As a result, combined with

challenges of raising these piglets, weaning at less than 14d is not often used in

production practices, except for disease eradication @lliot et al. 1980)

The endocrine mechanisms underlying the influence of photoperiod on the return

to estrus in sows a.fter weaning are poorly understood and are probably of multifactorial

origin. Hormone changes, specifically luteinizing hormone, follicle stimulating hormone,

estrogen and progesterone play an important role in subsequent follicular development,

owlation rates, conception rates and embryo survival rates (Armstrong et a1., 1986; Love

et d,.,1993). The 4-8d time lapse between weaning and estrus is similar to the length of

the follicular phase of the estrous cycle in sows, suggesting that follicular recruitment for

preovulatory growth normally occurs immediately after weaning (Kermabon et al. 1995).

A WEI greater than lOd is seen as problematic.

An inverse relationship exists between the WEI and the duration of estrus. An

increase in the WEI is positively correlated to a decrease in the duration of estrus (Soede

& Kemp, 1997). Since time of ovulation occurs approximately two-thirds or 70o/o of the

way through estrus (Soede & Kemp, 1997), a decrease in duration of estrus also results in

a decrease in the interval from onset of estrus to owlation (Weitze et a1.,1994; Kemp &

Soede, 1996). Therefore, duration of estrus is the best predictor of the time of owlation.

Unfortunately, the duration of estrus is highly variable and gives only a retrospective

estimate of the time of ovulation.



A relationship also exists between the actual hour of weaning, relative to onset of

light, and the onset of estrus @vans et al., 1996; Bowen 2000). Although Bowen (2000)

and Evans et al. (1996) employed different durations of photoperiod, both found that the

sows weaned at or just before lights-on demonstrated a hormone profile that should

optimize insemination at predicted intervals of 88h and 104h after weaning. As well,

these AM-weaned sows began displaying signs of estrus during daylight hours when

routine daily heat checks are normally conducted.

Taking all these factors into consideratior¡ it seems logical that a short day

lighting regime in the barn, particularly when combined with fixed hour of weaning,

could minimize WEI and maximize reproductive performance of sows. However, making

use of the so\¡r''s sensitivity to photoperiod should translate directly into economic gains

for the producer and the industry.

This literature review will discuss the influence that photoperiod, social

interactions, nutrition, housing and environment have on a sow's reproductive potential,

primarily through influencing the hormone profiles and patterns.

Seasonal Breeding in Wild Boars

European wild boars, ancestors of today's domestic pigs, are distinct seasonal

breeders @elcroix et al., 1990). Wild boars usually produce only one litter per year, with

breeding occurring in late fall and early winter (October to December). Farrowing in the

spring (February to April) ensures that conditions in subsequent months a¡e most

conduçive to the survival of both the sow and her progeny (Mauget, 1982). Boars usually
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remain alone and away from the females until the breeding season starts. The

conlmencement of the breeding season depends on photoperiod, with feed availability

accounting for minor year-to-year variations (Delcroix et al., 1990; Love et al., 1993). A

plentiful supply of feed is highly correlated with early breeding activity and with a

potential second farrowing from spring breeding, especially if the sow is separated from

her piglets shortly after parrurition (Mauget,1982; Love et al., 1993). Therefore, two

peaks of farrowing can be seen with the first peak occurring in January and February and

the second peak in August and September. Wild boars also experience a long lactation, of

about 3 months, with the sow remaining anestrus during this time. Weaning is gradual. If

the litter is removed early or dies, the sow may return to estrus and produce two litters in

the year (Delcroix et al., 1990).

Progression into the non-breeding season begins during a period of relatively high

food availability and is observed even under stable feeding conditions (Mauget, 1982).

The decrease in ovarian activity begins in mid-April, when environmental temperatures

are still low around 10'C and daylight is > 12hld. When abortions or weaning occur

before mid-April, sows usually return to estrus. When weaning occurs from mid-April to

mid-May, an average of 75Yo of females exhibit subsequent ovarian cyclic activity, while

sows that are weaned later do not return to estrus (Mauget, 1982; Peacock et al., 1987).

Therefore, the most likely factor responsible for triggering the non-breeding season is

photoperiod, which increases from 12 to 16 hours d-r, coincident with the decrease in

fertility (Peacock et al., 1987).
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Two general models exist to account for photoperiodic time measurement: (1) the

"hourglass" model, whereby some physiological product is produced either during light

or dark, allowing the animal to measure light or dark or the ratio of one to the other or;

(2) the circadian rhythm based model, whereby the response to photoperiod depends on

either the coincidence of light with an endogenous rhythm of photosensitivity ('external

coincidence'), or on a specific phase relationship of two (or more) circadian oscillators

that are entrained by photoperiod ('internal coincidence') (Peacock et al., 1987).

Regardless of which mechanism is used to interpret the photoperiodic information

received by the animal, a physiological system for measuring daylength is necessary.

Most of the mechanisms by which photoperiod is transduced into internal signals

affecting reproduction are shared by both long- and short-day breeders (Hansen, 1985;

Green et al., 1996). That is, the retina seryes as the sole photoreceptor from which

photoperiodic information is relayed to the pineal gland via its s5rmpathetic innervation.

At the pineal gland, this information is transduced from a neural to a humoral message.

Melatonin appears to be the pineal hormone critical to the photoperiodic response in both

long- and short-day breeders. It has been suggested that long- and short-day breeders

interpret the pattern of melatonin secretion differently, rather than the hormone having a

direct pro- or anti-gonadal effect (Tamarkin et al., 1985;Peacock et al., 1987; Green et

a1.,1996; Tast et al., 2001).

In most species, this pattern is relatively simple: melatonin synthesis and secretion

are increased during the scotophase (darkness) and decreased during the photophase

(light). The change in secretion is recognized by the hypothalamus, which through the

alteration of GnRH secretion cues the animal into the breeding season (Love et al., 1993).
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The concept of transduction of photoperiodic information into the secretion of melatonin,

however, remains controversial in the pig. Green et al. (1996) reported that gilts exposed

to either constant or stepwise biweekly alteration in scotophase (scotophase increased or

decreased th every 2 weeks) showed a weak nocturnal elevation in serum melatonin.

However, Tast et al. (2001) noted that there is a certain threshold light intensity that pigs

can recognize to be different from darkness, but once this threshold is achieved, the

endogenous rhythm can be synchronized with melatonin production and secretion

occurring during the scotophase. This study also showed that the threshold light intensity

that pigs can differentiate from darkness is ) 40lux.

Durational changes in melatonin secretion appear to be sufficient to drive

seasonal changes in Syrian and Siberian hamsters and in sheep (Tamarkin et al., 1985).

Evidence from other species suggests that melatonin is a neuroendocrine transducer and

not in itself an indicator of reproductive activity. Timed administration of exogenous

melatonin or the use of continuous-release implants can convey 'seasonal messages' and

induce an early resumption of estrous cycles and increase the fecundity in sheep (Peacock

et a1..,1987). A set minimum exposure (6-7 weeks) to long days appears to be necessary

before sheep are responsive to the 'short' day signal caused by melatonin administration

@eacock et al., 1987). In contrast, pigs are reported to require a minimum of 4 weeks

exposure to long days before they respond to 'short' days (Evans et al., 1996).

A relationship between photoperiod and prolactin has been reported in many

domestic species such as cattle, sheep and goats, whereby the duration of daylight effects

the secretion of prolactin. Prolactin levels are highest during the summer months and

lowest during the winter months, following the seasonal changes in natural daylength
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(Mauget, 1982; Ravault et al., 1982). Peacock et al. (1987) noted that, as in rams and

ewes, the seasonal prolactin rhythm of the wild boar is also primarily determined by

photoperiod. In wild pigs, there is a clear seasonal rise in prolactin concentrations,

corresponding with the non-breeding season, in both sows and boars (Ravault et al.,

IgSZ).In domestic pigs, no seasonal rise has been reported in boars, but a trend towards

higher concentrations in summer and autumn has been identified in Large White sows

(Ravault et a1,.,1982). Therefore, a seasonal increase in prolactin during summer and

autunm in domestic pigs may be interpreted as an event driven by photoperiod. It has

been suggested that anestrus may be associated with or perhaps even mediated by this

rise in prolactin (Peacock et al., 1987).

However, experimental reduction of prolactin levels during anestrus does not

cause recommencement of estrous cycles nor does it influence the onset of the next

breeding season (Peacock et al., 1987). The unsuccessful attempt to find a discrete role

for prolactin cannot alter the fact that the elevation of basal prolactin during the non-

breeding season provides a good indicator of responsiveness to photoperiod in the wild

boar.

Seasonal Effects on the Hypothalamic-Pituitary-Ovarian Axis

The duration of postweaning anestrus is affected by season. Weaning normally

results in increased synthesis of GnRH, increased synthesis and secretion ofLH and

increased follicular growth and secretion of estradiol that culminates in estrus and

ovulation in sows within 3-10d after weaning (Cox & Britt, 1982; Kermabon et a1.,1995;
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Kemp & Soede, 1996; Knox & Rodriguez-2as,2001). Prolonged anestrus after weaning

may be due to insufficient release of GnRH. Hourly pulses of exogenous GnRH induced

estrus and ovulation in persistently anestrus sows (Armstrong & Britt, 1985).

Sows weaned during late summer or early fall have longer periods of postweaning

anestrus than sows weaned during spring (Armstrong et al., 1986). Armstrong et al.

(1936) discovered that a primary difference between sows that lactated in winter and

suÍtmer was the greater amounts of GnRH in the hypothalamus after weaning of the

winter group. The lower amounts of GnRH within the hypothalamus of sows that lactated

during summer were probably responsible for the lower circulating concentrations of LH

and smaller follicles found in these sows after weaning. This effect may also have been

mediated through seasonal differences in food intake. Sows that were restricted in intake

of energy and/or protein during lactation had a greater weight and backfat loss during

lactation and a longer WEI than did unrestricted fed sows.

Endocrine Mechanisms Controlling Follicular Growth

Gonadotropins

Gonadotropins LH and FSH are synthesized and secreted from the basophil cells

of the adenohypophysis and exert their actions on various target tissues by triggering

biochemical reactions (Esbenshade et al., 1990). Specific receptors for LH have been

found on plasma membranes of ovarian thecal, gtanulosa and luteal cells as well as on

endometrial and myometrial cells. FSH specifically binds to gtanulosa, but not to luteal

cells, during the estrous cycle and pregnancy in pigs, as it does in other species such as
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cattle and hamsters (Ziecik et al., 1988). Gonadotropins are responsible for stimulating

growth of secondary follicles, which have two or more layers of granulosa cells

surrounding the oocyte, but no antrum (Senger, 1999). Gonadotropins also stimulate

formation of the antrum, ovulation of the Graafian follicles, formation of corpora lutea,

and maintenance of luteal function @sbenshade et al., 1990). Gonadotropins exert their

effects through various intracellular second messengers and control biosynthetic

pathways of steroid production in responsive cells. The general consensus is that binding

of the gonadotropins to a receptor results in activation of adenylate cyclase, catalysing the

conversion of ATP to cyclic AMP (cAMP). Accumulated cAMP then interacts with

protein kinases (specific intracellular proteins), which release a catalytic subunit that

induces the phosphorylation of other specific cellula¡ proteins (Hadley, 2000). These

proteins are most often enzymes involved in steroidogenesis and lead to the functions for

which the gonadotropins are noted.

Ovarian Follicular Growth during the Estrous Cycle

Mammalian ovaries have a pool of primordial follicles, each consisting of an

oocyte arrested in prophase I of meiosis and a single layer of flattened granulosa cells.

This pool develops during fetal life in some species (primates and ruminants) and during

the early neonatal period in other species (Fortune, 1994). Once the cohort of primordial

follicles has been established, follicles gradually and continually leave the resting pool to

begin growth. The nature of the signals that initiate growth, and the mechanisms that

ensure that follicles leave the resting pool gradually, are unknown. However, the

recruitment and maturation of the preovulatory cohort of ovarian follicles is acutely
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dependent upon sufficient gonadotropin stimulation (Cosgrove et a1,.,1997). Once a

follicle begins to grow, growth seems to be continuous until the follicle meets one of two

fates - ovulation or atresia. It is well known that very few follicles that begin growth

successfully ovulate; most degenerate before reaching that stage.

Antral ovarian follicles < 4mm in diameter exist throughout lactation in sows

(Lucy et al., 2001). After weaning, the number of large-sized follicles (> 5mm) increases

in conjunction with a reduction in the number of small-sized follicles (Britt et al., 1985;

Cosgrove et a1,.,1997; Lucy et al., 2001). There is a steady increase in ovarian follicular

$owth before weaning in sows, but few follicles a¡e > 5mm in diameter before week 3 of

lactation (Lucy et al., 2001). After week 3 of lactation, the number of 5mm follicles

increases, but follicles > 5mm generally do not develop in lactating sows, due to suckling

induced inhibition (Britt et al., 1985; Varley & Foxcroft, 1990). However, a majority of

the largest follicles (> 5mm) present at 48-72h after weaning continue to develop and

ovulate (Killen et a1.,1992).

The mechanisms that allow only a small percentage of follicles to reach ovulation

are somewhat unclear. Large follicles do not develop at random, but their development

occurs during particular reproductive states and/or during particular times of the

reproductive cycle (Fortune, 1994). The hypothalamus, the anterior pituitary and the

ovary, through the production of estradiol and the absence of progesterone, govern the

follicular phase of the estrous cycle. The hypothalamus plays an obligatory role in

regulating estrous cycles because it produces GnRlI, which is responsible for stimulating

the release of LH and FSH from the adenohypophysis. Antral follicles of various sizes

are always present and develop in response to tonic levels ofLH and FSH.
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The dynamics of antral follicles involve three major events - recruitment,

selection and dominance. Recruitment is the phase of follicular development in which a

cohort of small antral follicles begins to grow and produce estradiol and small quantities

of inhibin (Fortune, 1994; Senger, 1999; Lucy et al., 2001). Some of the recruited

follicles undergo atresia, while other follicles continue to grow and become selected.

Selection involves the emergence of dominant follicles, potentially ovulatory, from the

cohort of previously recruited antral follicles (Fortune, 1994; Senger, 1999). Selected

follicles may become dominant or they may also undergo atresia. As the selected follicles

proceed toward dominance, they continue to produce increasing amounts of estrogen and

inhibin, causing a negative feedback on the adenohypophysis. This negative feedback

causes FSH to decline and prevents other follicles from being recruited (Forüune, 1994;

Senger, 1999).

In polytocous species, such as the pig, there are multiple dominant follicles.

Continued decreasing FSH levels and increasing LH levels characterize the stage of

dominance. The dominant follicles continue to grow, even though FSH levels are

reduced, because the dominant follicles' requirement for FSH is reduced. At this point,

estradiol levels from the dominant follicles are no\¡/ approaching threshold levels and

they are reaching their maximum size. The hypothalamus receives the appropriate signal

- estrogen in excess of a threshold, circulating in the blood in the absence of

progesterone. The result is a large quantrty of GnRH being released from the

hypothalamus, thus stimulating the release of the preovulatory LH surge (Forn-rne, 1994;

Senger, 1999;Lucy et al., 2001).



t7

The luteal phase of the estrous cycle lasts from the time of ovulation until

regression of the corpus luteum (CL) near the end of the estrous cycle or pregnancy

(Senger, 1999). A-fter ovulation, the theca interna and the granulosa cells of the follicle

undergo a dramatic transformation, whereby cells of the ovulatory follicle are

transformed into luteal tissue, forming the CL. These cells acquire the ability to produce

progesterone, the dominant ovarian hormone during this phase. If the sow becomes

pregnant, the CL is maintained throughout gestation. Luteolytic agents, such as

prostaglandin Fzo produced by the uterus, cause the CL to regtess near the time of

parturition or at the end ofthe estrous cycle (Senger, 1999).

Ovarian Follicular Growth during Lactation

The inhibition of LH secretion by lactation prevents preowlatory follicular

development in sows before weaning (Britt et al., 1985; Varley & Foxcroft, 1990;Lucy

et al., 2001). Weaning soon after farrowing (zero weaning) leads to increased LH

secretion and enhanced (although cystic) follicular growth (Lucy et al., 2001). In suckled

sows, LH secretion initially increases after farrowing, but then decreases. During this

time, the releasable pool of LH remains constant (Sesti & Briu, 1993). However, in time,

LH pulse frequency increases, perhaps because of reduced suckling stimulus as the litter

matures (Lucy et al., 2001). The increase in LH secretion is believed to stimulate

follicular gowth and may explain why sows have progressively larger follicles during

late lactation. Follicles that develop during lactation are capable of preovulatory follicular

growth and ovulation when stimulated with CnRH (Britt et al., 1985).
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Lucy et al. (2001) noted that, on the basis of ultrasonographic examinations

performed each day in individual sows, synchronized waves of ovarian follicular growth

were observed before weaning. The wave consisted of a cohort of 20-30 follicles that

grew from a diameter of 2mm to 4-6mm (co-dominant follicles). The co-dominant

follicles then regressed and were replaced by a new wave of follicles. This is in

agreement with classical observations that follicles rarely exceed a diameter of 5mm

before weaning (Britt et al., 1985; Varley & Foxcroft, 1990; Cosgrove et a1..,1997; Lucy

et al.,2OOl). However, there did not appear to be a steady progression of larger and larger

follicles. Instead, follicles grew in waves with each wave of follicular growth creating

broad peaks of follicular activity. Anestrus cattle also have non-ovulatory follicular

waves during lactation (Gnther et a1.,1996). However, in anestrus cattle, a dominant

follicle is selected from the cohort and then after selection, the dominant follicle fails to

ovulate. In both pigs and cattle, the follicular cohort (pigs) or the dominant follicle

(cattle) of the current follicular wave will ovulate once the suppressive effects of lactation

are either removed or reduced (Lucy et al., 2001).

Endocrine Mechanisms Controlling Pregnancy

Progesterone is obligatory for early embryonic development by providing the

stimulus for elevated secretion by the endometrial glands (Senger, 1999). High

progesterone is also responsible for the "progesterone block" that inhibits myometrial

contractions. Blood progesterone increases in the pregnant female, but the timing of peak

and absolute levels at different stages differ between species (Senger, T999). While the
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CL production of progesterone is required in early pregnancy, the role of the CL in

maintenance of later pregnancy varies ¿rmong species. In some species (ewe, mare and

woman), the CL is not needed for the entire gestational period because the placenta

contributes sufficient production of progesterone. However, the pregnancy will be

terminated in the sow and rabbit if the CL is removed or degenerates at any point

(Senger, 1999).

Successful parturition also requires the involvement of an important hormone,

relaxin. Depending upon species, relaxin is produced by either the placenta or the CL

(Senger, 1999). The synthesis of relaxin is simulated by PGFz., and it causes a softening

of the connective tissue in the cervix and promotes elasticity of the pelvic ligaments.

Thus, this hormone prepares the birth canal by loosening the supportive tissues so that

passage of the fetus can occur with relative ease (Senger, 1999).

As well, when pregnancy occurs, mammary growth will continue throughout the

pregnancy. Estrogens are dominant in stimulating development of mammary ducts

(Bearden & Fuquay, 1997). Progesterone synergizes with estrogens and appears

dominant in stimulating alveolar development and growth. Other hormones that

synergize with estrogens and progesterone in preparing mammary tissue for milk

secretion include prolactin, growth hormone, insulin, thyroid hormone and cortisol

(Bearden & Fuquay, 1997). Placental lactogen is also produced by the placenta and will

stimulate the development of mammary tissue. It should be noted that while m¿ütmary

tissue is prepared for milk synthesis during gestation, actual secretion of milk is inhibited

until just before parrurition, when progesterone levels decline.
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Circadian Rhythms in the Sow

Hormone patterns differ during the photophase and scotophase of a24h period.

When challenged with exogenous estrogen, females kept under a l4LlOD lighting

pattern were found to have altered LH secretion during the photophase as compared to

the scotophase (Evans et al. 1994). Estrogen administered during the scotophase results in

a single high peak of LH, compared to estrogen being administered during the

photophase, producing a biphasic pattern of LH with low peaks. A majority of

spontaneous LH surges seem to occur during the night and early morning hours,

independent of the ratio of light to dark (Evans et a1.,1994). Thus, there may be a

relationship between the photo/scotophase, the release of estrogen and the surge of LH

necessary for ovulation.

In sows kept under a long-day lighting pattern (14L: 10D), the time of day that the

sows are weaned may influence the timing of the LH pulses @vans et al., 1994). Evans et

al. (1996) found that weaning sows in the morning at 0400h resulted in LH peaks

occurring in a cluster within an 18h period, with most of the peaks occurring during the

daylight hours. Sows weaned in the afternoon at 1600h, had LH peaks occurring

primarily during the scotophase, with a tendency for the peaks to be spread out over a

54h period. Consequently, it appears that the sensitivity of the hypothalamus and pituitary

to estrogen may be manipulated by the time of day that the sows are weaned, resulting in

altered LH activity.
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Transduction of Photoperiodic Information into Chemical Messengers

In all species, photoperiodic information seems to be transduced into an endocrine

response by release of melatonin from the pineal gland, which then influences the

hypothalamic-pituitary-gonadal axis and consequently reproductive activity @eacock et

al., 1987). There has been considerable uncertainty about the presence or absence ofa

consistent diurnal pattern of melatonin secretion in domestic pigs and some factors have

been identified that may lead us to a greater understanding of these diurnal patterns.

Light Intensity

In humans, there is an inverse linear relationship between light intenslty and

melatonin plasma concentrations during the photophase - the greater the suppression of

melatonin in the light phase, the higher the concentrations of melatonin during the dark

phase (Love et al., 1993). Consequently, adequate light intensity may be critical to the

generation of a distinct circadian rhythm of melatonin in pigs. Griffith and Minton (1992)

demonstrated that light intensity less than 200 lux was insufficient to induce a reliable

circadian melatonin rhythm and that intense illumination of 1783 lux was needed to

induce a clear rise in the scotophase melatonin concentration. However, Tast et al. (2001)

reported that daylength rather than light intensity is a more important clue for

contributing to seasonal infertility in pigs. Tast et al. (2001) found that when a threshold

light intensity (> 40lux) was exceeded, the photophase light intensity had no effect on

the scotophase melatonin response. Therefore, this indicates that light intensity is

important for entrainment of circadian melatonin rhythms (Love et al., 1993). However,
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lower light intensities (< 40 lux) are adequate to induce a nocturnal rise in melatorun

(Tast et al., 2001).

Rate of Change in Photophase

Sheep show immediate changes in melatonin concentrations when exposed to an

abrupt change in photoperiod (Paterson et aJ,.,1992; Love et al., 1993). Pigs, however,

may be unable to respond appropriately to sudden changes in photoperiod. Most studies

of pigs involving artificial lighting have used abrupt and extreme changes in photoperiod

(from 8h to 16h of light in one change) and results were inconsistent (Love et al., 1993).

Gradual decreases and increases in intensþ, simulating dusk and dawn, could provide

quite a different stimulus than the on-offlighting situation that occurs in controlled

environments. Paterson et al. (1992) demonstrated this by increasing or decreasing the

photoperiod incrementally from 12h light: 12h dark, mimicking the natural rate of change

in daylength. Pigs were then introduced into the controlled lighting conditions at the

spring equinox, producing the most consistent results in the elevation of nocturnal

meiatonin. Consequently, Paterson et al. (1992) suggested that the changes in the

duration of the photoperiod should be incremental rather than abrupt to allow pigs to

gradually alter their melatonin response.

Level of Feeding

The level of feeding affects melatonin secretion in species other than pigs. Three

weeks of 50Yo feed restriction in rats caused increased scotophase melatonin

concentrations and complete deprivation of food in post-menopausal women caused a
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dramatic and immediate increase in daytime melatonin (as cited by Love et al., 1993).

Most of the experiments studying the melatonin concentrations in pigs have used various

degrees of feed restriction, estimated as 60-80% of ad libitum intake. Love et al. (1993)

housed prepubertal gilts in either a long (14.5h light) or short (9.5h light) photoperiod and

restricted their feed to 60Yo of ad libitum for three weeks. A dramatic rise in melatonin

concentration was observed in the pigs maintained under the long photoperiod, but not in

the pigs maintained under the short photoperiod. Therefore, this discovery could explain

the elevated melatonin concentrations seen in sows during the summer-autumn period, as

pregnant sows often have a restricted feed intake. In commercial piggeries, feed

restriction mainly occurs during the first few days after breeding to minimize the adverse

effects of overfeeding on embryonic mortalþ and hence maintain litter size. Therea.fter,

feed is restricted throughout gestation in an attempt to maintain good body condition and

avoid excessive weight gain before farrowing.

Effect of Photoperiod on Subsequent Sow Productivity

Many studies have documented the domestic pig as exhibiting a seasonal

infertility during the late suÍrmer months. Some identified features of this infertility are

delayed puberty, poor expression of estrus, autumn abortions and delayed or irregular

WEI (Evans et al., 1994; Xue et a1.,1994). Claus & Weiler (1985) and Patterson &

Pearce (1990) reported evidence to demonstrate that long photoperiod is the major

environmental factor responsible for the increase in WEI during the summer months. As

well, summer infertility also exists in temperate countries where monthly maximum
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temperatures recorded were < 24"C, which is near the upper range of a sows' thermal

neutral zone, which is between 10-21'C (Connor, 1993). Therefore, seasonal infertility in

sows is influenced by a long photoperiod, independent of environmental temperatures

(Claus & Weiler, 1985; Peacock et a1.,1987; Kermabon et al., 1995).

The commencement of behavioural estrus occurs during the early morning hours

for the rat and seems to hold true for the sow. Evans et al. (1994) reported that a majority

of the spontaneous surges of LH are associated with the night and early morning hours in

the sow. Experiments on decreasing day length suggest mechanisms within the pig

respond to decreasing or increasing amounts of light in their environment. Evans et al.

(1994) also found that a 28d period is required for the synchronization of circadian

rhythms to environmental periodicities for species that are seasonal breeders. Claus &

Weiler (1985) reported that the WEI in one herd was decreased from 23.6d in one year to

5.7dinthe next year when sows were subjected to decreasing daylength from May to

August. Patterson & Pearce (1990) also reported that decreasing daylength hours during

summer resulted in increasing pubertal response. Further, the exposure of gilts to more

than one month of short daylengths was necessary to increase the number of gilts

reaching puberty. Work done by Kermabon et al. (1995) revealed that housing gilts

during gestation under a short (8h light) photoperiod resulted in a significantly higher

proportion of first parity sows exhibiting estrus shortly after weaning than those housed

under the long (16h light) photoperiod.

Late summer and early autumn consistently have the lowest sow reproductive

performance (Claus & Weiler, 1985; Kermabon et al., 1995). Xue et al. (1994)
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demonstrated that sows housed under a long photoperiod and weaned during June -

August had longer WEI with fewer sows returning to estrus within 6 d following weaning

compared to sows that were weaned during November - January. Claus & Weiler (1985)

noted that the percentage of sows returning to estrus within 7d of weaning was only

68.6yo during July - September compared withSZYo during the rest of the year. Further,

coincidence with a period of lowered ovarian activity are increased WEI. As well,

weaning weights of the piglets from sows weaned in summer were significantly lighter

than those weaned during the winter (Xue et a1., 1994). This was attributed to the

decrease in sow appetite seen during the summer months as a result of warmer

temperatures and a subsequent reduction in milk production by the sows.

September through October are the months in which the incidences of abortions

are most prevalent, hence the term "autumn abortion syndrome" (Claus & Weiler, 1985,

Smith et al., 1991). Implantation of pig embryos begins approximately 13 days after

fertilization and attachment is completed across the trophoblastic surflace between 18-24

days after fertilization (Bearden & Fuquay, 1997).If all the embryos die after

implantation, but before skeletal mineralization (- 45d), then the female will have a

delayed or irregular return to estrus (Xue et a1., 1994).Irregular returns to estrus in July

and August are approximately twice as high as in sows during November and December

(Xue et al., 1994). This data suggests that the increased number of sows returning to

estrus, at both regular and irregular intervals, could be the result of a terminated early

pregnancy during the summer months. The increased abortions in the fall by sows bred in

the summer may be sows experiencing a delay in the same mechanism that causes early

pregnancy termination in the summer months. Summer abortions may result from an



26

inadequate feed intake during early gestation, which results in lower levels of circulating

progesterone, high ambient temperatures and poor body condition from the previous

lactation (Xue et al., 1994). Therefore, the influence of daylength on a sow's subsequent

productivity is most likely a multifactorial phenomenon with individual parameters such

as timing of inseminations, temperature and lactation length exerting compounding

effects on production (Kermabon et al., 1995).

Lactation Length

Modern Weaning Methods

One of the objectives of removing piglets from the sow at or within a few hours of

birth (zero weaning) and rearing them artificially is to further increase the productivity of

the sow. This type of weaning practice is not commonly used in the industry. Piglets are

more difficult to rear and reproductive benefits are not realized (Elliot et al., 1980). The

negative impact on reproduction is evidenced by an increase in the duration and

variability of the interval from weaning to a subsequent fertile estrus, reduced conception

and farrowing rates and a reduction in the size of subsequent litters (Elliot et al., 1980;

Cosgrove et a1,., 1997). The effect of a short lactation on subsequent litter size appears to

be the result of increased embryo mortality; there being no effect of lactation length on

owlation rate (Cosgrove et a1.,1997). Since complete uterine involution requires

approximat ely 20-21dto complete (Bearden & Fuquay, IggT),it should not be surprising

that mating before this time results in suboptimal reproductive performance. Weaning
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before l0-14 days of age also exerts a gïeat deal of pressure on the farm management to

raise these young piglets with minimal deaths.

Therefore, while improving the productivity of our sows is desirable, weaning

before 10-14d does not appear to be the most appropriate method. Split weaning or part

weaning is a weaning method intended to induce the sow into estrus during late lactation

or to decrease the WEL Piglets are either removed from the sow for a set time each day,

starting at day 20 postpartum, or the heaviest half of the liuer is weaned 2d earlier than

the lightest half (Britt, 1986). However, Newton et al. (1987) demonstrated that split

weaning, plus boar exposure, resulted in some multiparous but few primiparous sows

showing lactational estrus before weaning at 28d. Therefore, the results with split

weaning are variable and the benefits not clear. Split weaning may be impractical in large

commercial facilities since it puts considerable demands on management schedules and

labour.

Early Weaning (E!Ð

Early weaning (generally between l4-2ld postpartum) is a practice adopted by

the industry in an attempt to improve piglet health and to increase the productivity of the

sow by reducing lactation length. This creates the possibility of producing more than two

and a half litters per year (Elliot et al., 1980).

Sows, on average, have a gestation length of 114 days @earden & Fuquay, 1997)

and under curent weaning practices, they remain anestrus for the entire duration of

lactation. Attempts to wean piglets at birth and then to rebreed sows within a few days

have not been very successful (Britt et al., 1985). Even if a litter is completely removed
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after 1 week of suckling, sows may not return to estrus for 3 weeks @earden & Fuquay,

teeT).

Induction of fertile estrus during the first 2 weeks of lactation has not been

accomplished with acceptable success, as uterine involution has not yet been completed

@earden & Fuquay, T997).Involution of the uterus implies the return to the normal non-

pregnant state, including endometrial repair, requiring approximately 20-2ld (Bearden &

Fuquay, 1997). Criteria for involution include: return of the uterus to the pelvic area,

return to the non-pregnant size and recovery of normal uterine tone. Furthermore, the

ovaries.remain relatively inactive for approximately lOd following parturition. After this

time, small follicles may begin to develop, although none attain the size of a Graafian

follicle (Varley & Foxcroft, 1990).

Several other factors can extend postpartum anestrus. Suckling young will delay

return to estrus, as frequent stimulation of the mammary glands appear to inhibit

increases in GnRH secretion and LH pulsatility through neural and/or endocrine means

@earden & Fuquay, 1997). Cosgrove et aI. (1997) reported that pituitary sensitivity

increases or remains static post-partum, suggesting that suckling-induced suppression of

LH pulsatility is via suppression of GnRH secretion alone or in combination with

changes in pituitary sensitivity. As well, the prolactin and oxytocin released by the

suckling stimulus has an inhibitory effect on the release of LH. If the suckling stimulus is

removed or limited, more frequent pulses of GnRFI, FSH and LH will result in the sow

returning to estrus.

With the trend toward shorter lactation lengths, feeding during lactation has a

major impact on rebreeding performance a.fter weaning (Britt et al., 1985, Cosgrove et
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aJ..,1997;van den Brand et a1., 2000a). The effect of short lactation lengfh (< 14d) on

WEI was much more pronounced in sows eating <4.zkgldthroughout their lactation.

Sows eating> S.Tkgldwere protected from the negative effects of shorter lactation

lengths on WEI, subsequent litter size and farrowing rate (Xue et al., 1993; Cosgrove et

aL,1997).

The pattern of voluntary feed intake during lactation is related to that of milk

production, as at leastT0o/o of the total of a sow's lactation energy requirement is needed

to support the demands of lactation (Eissen et al., 2000). Feed intake is usually limited

immediately post-farrowing with a gradual increase to full feed occurring during the next

two weeks of lactation (Cosgrove et al. 1997; Eissen et al., 2000). This feeding schedule

coincides with the sow's peak milk production, which occurs around 2 weeks post-

partum (Cosgrove et al.,1997). Maximizing feed intake during lactation is critical to

avoid excessive losses of body weight and to assist with a rapid return to estrus.

Therefore, weaning <l4d of age does not appear to be practical in large commercial

facilities since sows will remain anestrus until uterine involution is nearing completion

and an acceptable body condition is attained for rebreeding.

Weaning to Estrus Interval$ryEÐ

Estrus is the period around ovulation in which sows are sexually receptive to

boars. The sow will stand immobile and arch her baclq thus allowing the boar to mount

and impregnate her (Soede & Kemp, 1997). Estrus usually lasts between40-72h in the

sow (Bearden & Fuquay, L997). The interval between weaning and expression of estrus
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(WED is influenced by many factors including parity, environmental conditions, genetic

background, season, stress, nutritional status and boar stimulation. Approximately 95Yo of

sows express estrus between 3-8d after weaning (Soede et al., 1995a; Knox & Rodriguez-

Zas,2001). Those mated between 3-6d after weaning have increased farrowing rates and

litter sizes compared with sows mated >7d postweaning (Soede et al., 1995a) The

duration of estrus however, may vary considerably among animals, although there is a

strong correlation between the WEI and duration of estrus. Several research groups have

noted that the longer the WEI, the shorter the duration of estrus becomes, even in the

presence of a boar (Weitze et d,., 1994; Kemp et al. 1,997, Steverink et al. 1999). Kemp &

Soede (1996) noted that an increase in WEI of 3d resulted in an average decrease in

duration of estrus by 24h.If the duration of estrus is short due to a long WEI, there is

likelihood that a sow in estrus may be missed during routine, once daily heat checks. As

well, high variation in duration of estrus also results in a high variation in the interval

from onset of estrus to ovulation.

Kemp & Soede (1996) found that a negative correlation existed between WEI and

subsequent fanowing rate and litter size, independent of parity or breed, relative to herd

average. As WEI increases, a subsequent decrease in farrowing rate and litter size

occurred. Kemp & Soede (1996) also speculated that the decrease in farrowing rate and

litter size in sows with a longer WEI might be explained by more sows being inseminated

too late. Furthermore, sows with increased WEI had an increased embryo mortality rate

after day 5 of pregnancy (Kemp & Soede, 1996), possibly resulting from suboptimal

fertilization time. However, it cannot be ruled out that extended WEIs are associated with

decreased farrowing rates and litter size through other mechanisms.
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Influence of Boar Contact on Reproduction

Synchrony of estrous activity occurs within a social group of female wild pigs at

the start of the breeding season, even in the absence of a boar (Delcroix et al., 1990). This

indicates that there are significant interactions, probably pheromonal, within the sow

group that affects their reproductive activity. Boar exposure is an important management

tool for inducing the onset of ovarian activity, thus reducing the WEI, and the related

estrus behaviours in domestic sows (Langendijk et al., 2000).

The stress of moving gilts and sows to the boar pen is synergistic with the effect

of being exposed to a boar, although stress itself is ineffective at inducing sexual maturity

in gilts @earce & Hughes, 1985). However, exposure to a mature, intact boar is an

effective means of stimulating estrus in all females, thus synchronizing the breeding

group (Kingsbury & Rawlings, 1993).

Exposure to a boar (housed in an adjacent pen), full-faciaVfenceline exposure for

30 min several days a week or fenceline boar exposure for 10 min every day results in the

induction of early estrus in gilts (Van Lunen & Ahern, 1987; Paterson et al., 1989).

Kingsbury & Rawlings (1993) noted that a major part of the ability of the female to

respond to the boar is olfactory with physical contact, auditory and visual stimuli being

very important as well. Therefore, full-facial physical contact between boar and female is

critical for inducing estrus @earce & Patterson, 1992). This will reduce the period of

estrus detection and insemination, since the sows will return to estrus in a more

synchronized group As a result, the efficiency of the facility will be improved.
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Timing of Ovulation and Insemination

Owlation

Ovulation, on average, occurs 35-48h a.fter the onset of estrus, although the time

of ovulation of individual sows varies between 10-85h (Soede & Kemp, 1997; Steverink

et a1.,1999) This is approximately 30h after the LH peak (Soede et a1,., T994). Ovulation

takes an average of 2-4hto complete, with a range of 1-7h considered normal (Soede et

al., 1998). Therefore, with a decrease in duration of estrus, the interval from onset of

estrus to ovulation is reduced (Steverink et al., 1999). Thus, variation in estrus duration

can lead to suboptimal timing of insemination. It follows, then, that the onset of estrus per

se is not a good predictor of the time of ovulation. High variation in duration of estrus,

influenced by parity, seasoq stress, boar effects and WEI, results in a high variation in

the interval from onset of estrus to ovulation (Steverink et al., 1999).

The timing of the preovulatory LH surge, ovulation and increase in progesterone

levels are strongly linked to each other, irrespective of the WEI. It should also be noted

that sows with higher basal LH concentrations show higher estradiol concentrations,

which are associated with a longer interval between weaning and ovulation (Soede et al.,

lgg4). As well, a rise in peripheral blood progesterone of I ng ml-r above basal

concentrations occurs approximately 13h after ovulation (Soede et al., 1994). The

majority of spontaneous LH surges have been associated with the night and early

morning hours @vans et al., 1996). Additionally, initial expressions of estrus would be

missed as it occurs during the scotoperiod.
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In practice, onset of estrus is the parameter used to assess insemination time

although the LH peak is the best predictor of the time of ovulation. However, it is

currently impractical to determine LH. Limitations to reproduction in swine arise from a

failure to accurately determine onset of estrus for timing inseminations and a failure of

sows to express estrus shortly after weaning (Knox & Rodriguez-Zas,2001). Sows that

are inseminated > 24h before ovulation have lower fertilization rates, farrowing rates and

reduced litter sizes (Soede et al., 1995a). Targeting insemination within 24hbefore

ovulation seems optimal for reproductive performance (Nissen et al., 1997).

Identification of factors that may influence expression of estrus and owlation

such as a short lactation length (< l4d) and short WEI (< 3d), which predispose sows to

failure in both estrus and ovulation, are important for breeding herd management.

Lactation length dramatically influences the return to estrus interval and time of

ovulation. Sows that lactate < 10d are less likely to ovulate than those lactating for longer

periods (Knox & Rodriguez-Zas,200l). As well, Kemp & Soede (1996) reported that

sows returning to estrus on day 3 after weaning tended to have delayed owlation

compared with those returning on day 4 to 5, whereas those sows returning on day 6 or

later tended to show advanced ovulation, which is coincident with the different durations

of estrus. Although retrospective, managerial practices can be manipulated to assist in

improving future reproductive performance of sows once these factors have been

determined for a particular herd.
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Time of Insemination

In an attempt to optimize fertllization rates, insemination on a commercial farm is

usually done at the first signs of standing heat and then at regular intervals thereafter.

Sows are usually inseminated at a relatively fixed time after onset of estrus (12-24h) and

those inseminations between 0-24h before ovulation will give optimal results (Soede et

aJ. T995a; Kemp et aL. 1997 Kemp & Soede, 1997).Insemination outside this range will

result in reduced fertility and a consequent reduction in farrowing rate and litter size

(Kemp et aI. 1997; Rozeboom et al. 1997).

The lifespan of oocytes after ovulation and the lifespan of a sufficient number of

sperm capable of fertilization define the time during which inseminations can lead to

successful fertilization relative to ovulation (Flowers and Esbenshade, 1993; Kemp &

Soede, 1997). Ovulated oocytes have a short lifespan (6-8h) and sperm seem to survive

for extended periods (24-48h) after insemination when stored in the isthmus of the

oviduct near the utero-tubal junction @earden & Fuquay, 1997; Kemp & Soede, 1997)

The sperm reservoir in pigs is established in the oviduct within l5-30mins after

insemination (Kemp & Soede 1997). Motility of the spenn cells is depressed and the

acrosomal membrane remains intact, which maintains the integrity of the sperm until

ovulation. By the time ovulation approaches, sperm cells are released from the reservoir

and become hyperactive and are able to fertilize eggs. Kemp & Soede (1997) suggest that

the synchronized release of sperm cells at the time of ovulation is co-ordinated at least in

part by changing ovarian hormone concentrations after the LH surge.
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When the interval between insemination and ovulation is greater than 24h, too

few fertile sperm cells are present at the site offertilization, therefore decreasing

fertilization rates (Soede et al., 1995a). When insemination takes place after ovulation,

fertilization rates are compromised because of the limited lifespan of the oocytes, in

combination with the time needed for sperm capacitation (Soede et al., 1995b). Further, it

appears that after ovulatior¡ the regulation of spermatozoa moving from the uterus to the

fertilization site is less effective, allowing larger numbers of sperm to reach the oocyte at

the same time, and thus resulting in a higher rate of polyspermic fertilization (Soede et

al., 1995a).

Polyspermy is the fertilization of an oocyte by more than one spermatozoon,

which results in embryo death early in development (Bearden & Fuquay, 1997; Senger,

1999). As well, when semen is deposited into the uterus, an influx of neutrophilic

granulocytes occurs around 2h after the insemination (Rozeboom et a1., 1997). Excess

semen and inflammatory products need to be eliminated from the uterus to ensure an

optimal embryonal environment before the embryos descend. However, uterine motility

in sows decreases dramatically in late estrus and this may impair uterine clearance

(Rozeboom et al., 1997). Thus, insemination should not occur during late estrus or

metestrus as fertility rates will decline and the likelihood of uterine infections increases

(Soede et al., 1995a; Kemp & Soede, 1996; Steverink et al., 1999). Recent research has

shown however, that when one insemination is done before ovulation, no negative effects

on fertilization rates occurred from inseminating sows for a second time within the first

few hours after ovulation had begun (Soede et al., 1995b).
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It is not known why fertility is lower when inseminations are performed >24h

before ovulation, if sperm cells a¡e able to survive in the isthmus for more than 44h

(Kemp & Soede, 1997). Waberski et al. (1994) and Soede et al. (1995a) noted a decrease

in the number of accessory spenn cells in the oocytes fertilized at longer intervals

between insemination and ovulation. Therefore, a possible explanation is that the number

of capacitated sperm cells capable of fertilization decreases over time and that this is the

limiting factor for fertilization success.

Nutritional Influences on Reproductive Performance

Gestation

The objectives of nutritional management during gestation are to allow feto-

placental development and also (depending on sow parity) gro\¡ith of the sow, without

compromising nutrient intake and body tissue losses during lactation. Given the

predisposition of early weaned sows to reduced fertility, it is important that nutritional

targets be determined and adhered to during gestation (Cosgrove et a1.,1997). Prevention

of overfeeding during the first 72hafter mating is encouraged as this may result in

depressed blood progesterone concentrations and subsequently reduce embryo survival.

As well, feeding sows ad libitum from day 111 of gestation until weaning or from

farrowing to weaning did not adversely affect sow or litter performance (Cosgrove et al.,
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T997). Additionally, this approach resulted in a significantly greater daily feed intake

compared to a system of feed restricting sows before farrowing and in early lactation.

A relationship also exists between photoperiod and nutrient intake. Love et al.

(1993) suggested that od libitum feedtng in swine might counter the inhibitory

photoperiod effect on puberty onset. This interaction has also been noted in the rat, which

is considered to be insensitive to photoperiod for reproduction (Love et al., 1993). Feed

restriction causes the rat to become responsive to photoperiod. In large commercial swine

operations in Australia, offering the sows a relative abundance of feed during the first

few weeks of pregnancy reduced the negative effects of seasonality on pregnancy.

Furthermore, a reduction in autumn abortions has been seen when an increase in feed

intake in the fall was implemented, although the occurrence of abortions is not correlated

with body condition (Love et al., 1993). Thus, a high plane of nutrition can counter some

of the inhibitory and unfavourable effects of photoperiod.

Lactation

Feed intake during lactation is affected by factors such as parity, season of year

(temperature and photoperiod) and diet composition (Britt, 1986; Eissen et al., 2000). It

has been well documented by many researchers that delayed post-weaning estrus occurs

more frequently in undernourished sows than in well-fed sows (Johnston et al., 1989;

Cosgrove et a1.,1997). It is probable that metabolic influences on the fertility of the early
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weaned sow are geatly determined by nutrient intake during lactation (Cosgrove et al.,

teeT).

It is important that sows show a steady increase in feed intake during the first two

weeks after parturition and then are fed ad libitum until the time of weaning. A prolonged

catabolic state during lactation resulting in large losses of body weight and fat is

positively correlated with a prolonged WEI (Johnston et al., 1989; Cosgrove et a1.,1997).

As well, the nutritional status of a sow can have major effects on ovarian activity

(Foxcroft et al., 1995). A deficiency in nutrient intake during lactation has a direct effect

on LH secretion and pulsatility, and thus fertility after weaning. Cosgrove et al. (T997)

and Foxcroft et al. (1995) have shown that the action ofgonadotropinsjust before the

recruitment of follicles into the follicular phase may be reduced if nutrient deprivation

occurs. This could result in a reduced pool of follicles available for owlation.

van den Brand et al. (2000a) showed that dietary energy source significantly

affected plasma glucose and insulin concentration in lactating sows. Kemp et al. (1995)

also suggested that the actual dietary energy source could influence insulin production in

sows and stimulate the release of LH and progesterone. Insulin acts as one of the

intermediate metabolic hormones linking nutrition and reproduction. Insulin

concentrations are correlated with LH pulsatility - exogenous insulin reduces follicle

atresia, increases ovulation and farrowing rates (van den Brand et al., 2000a). Feeding a

carbohydrate-rich diet during and after lactation increases the preovulatory LH peak and

progesterone concentration when compared to a fat-rich diet (Kemp et al, 1995; van den

Brand et al., 2000a). Adding fat to the diet did not have an effect on milk yield, sow
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weight loss during lactation, or litter weaning weight (Kemp et al., 1995). However, since

energy and protein intake during lactation affect rebreeding performance, it is advisable

to feed sows so that their energy and protein needs are met during lactation. Glts may

require extra energy and protein during hot weather so that recommended minimum

intakes are achieved (Britt, 1986; Eissen et al., 2000).

Postweaning

The major objectives of nutrition during the postweaning period are to shorten the

interval to effective mating, synchronize the onset of estrus and maximize ovulation and

conception rates (Cosgrove et a1., T997).Increasing the level of feed intake after weaning

has been reported to shorten the WEI in primiparous sows and to increase the number of

such sows exhibiting estrus within 10d of weaning. However, it has no such effect on

more mature sows in good body condition. Thus, the response of sows to increased

postweaning feed intake is determined by parity, the amount of weight or condition lost

during lactation and sow weight and body condition at the time of weaning (Cosgrove et

a1.,1997; van den Brand et al., 2000a).

Nutritional anestrus is characterized by an absence of GnRH pulses from the

hypothalamus, inadequate secretion of gonadotropins and inactive ovaries (Cosgrove et

aL.,1997; Senger, 1999; Eissen et al., 2000; van den Brand et al., 2000b). This is

particularly true in primiparous females (those that have given birth for the first time), as

they will show more pronounced negative effects where restricted dietary intake is

compounded with the energy requirements of lactation and gowth. The primiparous
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female represents one of the most difficult to manage, from a reproductive standpoint,

since growth and lactation impose two strong energy demands on the sow @ritt, 1986;

Cosgrove et al., 1997; Senger, 1999, Eissen et al., 2000; van den Brand et al., 2000b).

Effect of Suckling on Endocrine Regulation

The suckling stimulus (piglets nursing the sow) appears to act at the level of the

sow's hypothalamus to suppress the pulsatile release of GnRH and thereby inhibit

gonadotropin synthesis and/or secretion (Henderson & Hughes, 1984; Delcroix et al.,

1990; Sesti & Britt, 1993; Cosgrove et a1.,1997).In both gilts and so\rys, circulating

concentrations of LH and FSH in the blood are relatively low during the first week of

lactation, but gradually increase after this time (Sesti & Britt, 1993). This suppression of

ovulation during the first week of lactation may not be directly due to insufficient

amounts of pituitary LH, rather a number of neuroendocrine mechanisms, including

opioidergic pathways, mediating the suckling inhibition of GnRH secretion (Cosgrove et

a1.,1997). Sesti & Britt (1993) demonstrated the greatest suppression of LH secretion

from the pituitary occurred on day seven of lactation, with a linear increase in LH

secretion during the next l4-day period. Conversely, the pituitary showed an increased

response to GnRH on day 7 when challenged with exogenous GnRH. This indicates that

the pituitary begins to store large amounts of LH throughout the first week of lactation. It

would therefore appear that the basal secretions of GnRH during the first week of
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lactation are enough to stimulate the synthesis, but not the secretion of LH (Sesti & Britt,

7993; Cosgrove et a1.,1997).

Accompanying the increase in LH and FSH in the second and third week of

lactation, there was an increase in GnRH along with an increased number of larger

follicles and a coincident increase in serum estrogen (Sesti & Britt, 1993; Cosgrove et al.,

1997).In addition to stimulating the synthesis of LH, GnRH may also be responsible for

priming the anterior pituitary and increasing the sensitivity to GnRH by up-regulating

receptors (Sesti & Britt, 1993). In contrast to LH, basal FSH does not appear to be under

the control of hypothalamic GnRH during lactation. It has been suggested that the

secretion of FSH is under the control of an ovarian controlling factor, possibly inhibin

(Sesti & Brin, 1993).

The steady increase in LH can be viewed as a progressive release from the

inhibitory effFects of the preceding pregnancy and to the decrease in suckling intensity

during later lactation (Shaw & Foxcroft, 1985; Cosgrove et a1,.,1997). The dysfunction of

the estrogen positive feedback mechanism in early lactation is thought to be the result of

prolonged exposure of the hypothalamic-pituitary axis to high levels of progesterone

during gestation (Varley & Foxcroft, 1990).

Prolactin also regulates the release of LH from the pituitary (Lucy et al., 2001;

Bearden & Fuquay, 1997). While prolactin is dominant, it must interact with other

hormones (cortisol, growth hormone, thyroid hormone and insulin) to attain its greatest

effect (Bearden & Fuquay, 1997).In order to promote a rapid return to estrus after

weaning, it is necessary to reduce the inhibitory influence of the piglets toward the latter
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portion of lactation. Indeed, the combination of reducing the suckling stimulus and

applying estrus stimulation, such as direct boar contact, has been successfully used in

commercial farms to reduce the length of the WEI (Henderson & Hughes, 1984).

Concentrations of steroid hormones at the time of weaning and ovulation appear

to have an effect on subsequent embryo survival. In general, sows with higher levels of

circulating estrogens have lower embryo survival rates (Varley & Foxcroft, 1990). EIV

so\ils are reported to have higher levels of estrogen at the time of weaning when

compared to sows weaned after longer lactation lengths (Varley & Foxcroft, 1990). This

may, in part, contribute to the lower litter sizes seen in EW sows. As well, the

insemination to ovulation period also has an effect on embryo viability. Sows with

potential litters that have had a low fertilization rate have slightly retarded embryo

growth and a higher variation in embryonic development as compared to sows with high

fertilization (Kemp et aI.,1997).

Management Factors Affecting Reproduction

It has been reported that gestation crates reduce the number of autumn abortions

(Love et al., 1993). In addition, when so\rys are housed in groups, those sows housed in

groups of 5-6 animals seemed less affected by seasonal infertility problems, such as

reduced farrowing rates than those sows housed in larger groups. Peltoniemi et al. (1999)

found a clear seasonal reduction in farrowing rates during the summer months, but no
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evidence of a seasonal difference between sows housed in groups and sows housed in

gestation crates. However, a significantly greater proportion of group-housed sows

returned to estrus after mating, especially dunng the seasonal infertility period, compared

to the sows housed in crates. This increase might be due to sow-to-sow interactions

determining the dominant female of the Soup, resulting in embryo loss. It should also be

noted that the reduced farrowing rates seen in large groups might be partially attributed to

management techniques. Missing a sows' estrus is greatly increased when they are

housed in large groups because estrus detection is much more difficult. Therefore,

management techniques must also be considered when looking at the effect of housing on

reproductive p erformance.

Conclusion

Most commercial swine operations currently operate with long-day (14h light)

lighting patterns in their facility to provide sufficient time for all work to be completed, to

increase the feed consumption by the sows during lactation in order to avoid severe

catabolic states resulting in large losses of weight and body condition and to wean

heavier piglets due to an increase in milk yield of lactating sows (Claus & Weiler, 1985).

As well, a long-day photoperiod has been promoted in the breeding barn since it was

believed that sows needed the long photoperiod to cycle and breed effectively. However,

this lighting pattern may not be as beneficial as expected. The negative effects of this

light regime may be manifested as longer WEIs, higher pre-weaning mortality, failure to
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return to estrus and endocrine profiles that are unable to sustain the subsequent

pregnancy. The sows' sensitivity to photoperiod is one of the most important factors and

can be seen throughout the industry as a seasonal decrease in reproductive performance.

Not only is it apparent that sows are short-day breeders, but actual light/dark cycles may

be very important for normal estrous cycles to occur. Other factors compounding the

effect of lighting pattern on subsequent reproductive perfoñnance are season, lactation

length, nutrition and management factors such as boar exposure. Therefore, the

relationship between photoperiod, light/dark cycles, nutrition, season and management

must be studied further to determine the appropriate amount of light for maximum

production.
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CHAPTER 3

MATERIALS AND METHODS

A total of 98 Cotswold (Platinum) sows were used in two trials at the Glenlea

Research Station Swine Unit: 43 in trial 1 conducted in late May/early June and 55 in

tnal? conducted in late July/early August. Parities for these sows varied from 0 (gilts) to

9. The distribution of parity over both trial and treatment is shown in Table 1. The sows

in both trials were randomly assigned across parity to one of two lighting treatments

during lactation* short (9h light) or long (14h light). Lights for both treatments came on

at 0800h.

Sows were group-housed throughout gestation. Approximately 7d before

farrowing, they were placed in either conventional farrowing crates (2.28m long x 0.6m

wide x 1.0m high) or modern convert-a-pens (2.34m long x 1.78m wide x 1.0m high) in

their designated photoperiod treatment. Sows in the convert-a-pens were confined into an

area(2.34m long x 0.5m wide x 1.0m high), similar to a conventional crate, around

fanowing time. Once farrowing was complete and a good suckling pattern was

established (-3d), the sidebars were removed to give the sows in pens some freedom of

movement, while providing a protected creep area for the piglets. Supplemental heat for

the piglets was provided in the creep area by either a thermostatically controlled heat mat
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(Farm Duty@ Model # M6C17FB9fÐ in the conventional crates or by a heat lamp in the

convert-a-pens.

TABLE 1. Parity distribution of sows in the short (9h lighÐ and long
(1ah light) photoperiod treatments in Trial 1 and Trial 2.

Trial2 n:55
Short Total

5

2

9

2

5

J

1

1

I
I

t2
7

l5
4

7

4

2

I
)
I

TOTAL 2t

Sows were weighed upon entry into the farrowing barn (-7d prefarrow), at 2d

before expected farrowing date, 3d after farrowing and again at weaning (17 + 2d). Sows

that did not return to estrus by the end of day 7 postweaning (n:2 from long and n: I

from short photoperiod during trial 1; n: I from long and n:2 from short photoperiod

during trial 2) were removed from the trial since this was seen as an abnormal WEI for

this herd.

Sows were fed 3.5kg of a commercial l6Yo crude protein barley-based nurse-sow

ration (Table A7) from the time they entered the fanowing crate until the day of
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farrowing. After farrowing, the sow ration was increased by 0.5k9/d increments to full

feed. Feed offered and orts for each sow \ryere recorded daily. On the day of weaning,

sows were fed their daily ration in two instalments - one half in the morning in their

farrowing crate and the other half in the afternoon in their breeding/gestation area. A.fter

weaning, sows were fed 3.5k9/d of a l5Yo crude protein barley-based commercial dry

sow ration (Table AB). Atl rations were formulated to meet or exceed the NRC (1998)

requirements for nursing sows or dry so\rys, respectively. Sows had free access to fresh

water at all times via a water nipple or water bowl.

Sows were monitored at regular intervals during farrowing. Sows experiencing a

delay > 3Omins between piglet deliveries were checked for obstructions. Once assessed,

if the birth canal was clear, they were injected with lml of oxytocin I.M. (20 I.U./rnl,

Rhone Merieux, Victoriaville, PQ, Canada) beside the vulva or perianally. Sows that

were two days overdue were induced with lml of Lutalyse I.M. (Pharmacia and Upjohn

Animal Health, Orangeville, ON, Canada) on the afternoon of the second day. If

farrowing had not commenced by the following morning, lml of oxytocin was then

administered I.M. All piglets born alive, stillborn or mummified were recorded for each

sow.

Piglets were cross fostered, if necessary, within 24 hours of birth, based on litter

size, teat availability, piglet size and weight and the sow's lactational history. Within 24h

of birth, piglets \¡/ere processed. This included ear notching, teeth clipping and a lml

injection of Exenel@ I.M. @harmacia and Upjohn Animal Health, Orangeville, ON,

Canada). Processing was completed on day three by clipping tails, injecting 2rnl of iron

I.M. (konol 100 Rhone Merieux, Victoriaville, PQ, Canada) and lrnl of Exenel@ I.M.
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On day 7, male piglets were castrated and another lml injection of Exenel@ I.M. was

administered. Preweaning mortality in each litter was recorded along with the reason,

piglet weight and the date the death occurred. Piglets had free access to functional water

nipples from birth and to creep feed from day 14 until weaning. Piglets were weighed and

weaned into nursery pens at 17 + 2 days (day of birth: day 0).

Sows were weaned within I hour of each other, starting at 0800h, and moved into

breeding/gestation crates or pens where they were checked regularly (twice daily) for

estrus and bred. All procedures and animal care followed those recommended by the

Canadian Council on Animal Care (1993) and the Recommended Code of Practice for the

Care and Handling of Farm Animals - Pigs (Connor, 1993).

Subsequent sow breeding performance was determined by recording breeding

dates and farrowing rates. This data was used to assess the residual influence the two

photoperiod treatments may have had on the sows in their ensuing pregnancies.

Lighting Program

During gestation sows were housed in a windowless group pen facility where

natural light from end doors was not controlled. However, the fluorescent lights of the

facility were only on for th per day. Upon entering the farrowing rooms (-7d prefarrow),

the sows were randomly assigned across parity to one of two lighting programs - short

(9h light) or long (l4h light). All outside windows were covered and sealed with thick

cardboard to ensure no outside light could filter in. Lights came on at 0800h in both

treatments and went offat either 1700h (short) or 2200h (long). Any work done in the
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animal rooms during the scotoperiod was done using portable 40W soft red light, which

was turned offimmediately a.fter work was completed.

Estrus Detection and Breeding

Standing estrus was defined as the time at which the sow stood rigid to back

pressure in the presence of a mature boar. Estrus detection was facilitated by the use of a

mature boar and occurred twice daily, starting the day after weaning. Once sows were

showing signs of proestrus (swelling and reddening of the vulv4 watery discharge from

the vagina, lack of appetite, vocalization and restlessness), daily observations occurred at

8h intervals until the animal was inseminated. Signs of estrus included a positive

response to the back pressure test, slightly swollen and pinkish vulva, sticþ mucus

discharge from the vagina and erect ears. Duration of estrus was determined by

continuing to check for standing estrus after the sow was bred. Weaning to observed

estrus interval OfEÐ was recorded for each sow. Sows were checked for estrus at 0900h,

1500h and 2400h during both trials. After weaning, sows were brought to a pen

neighbouring the boar pen where they received fence-line and direct boar exposure, twice

daily for -10-15 minutes, while the back pressure test was being performed. A mature

boar did the initial breeding when a sow responded positively to the back pressure test.

This mating was then followed with two artificial inseminations approximately 6-l0h and

again at 24h after the initial breeding. All semen was fresh from Cotswold Canada Ltd.

(Winnipeg, MB, Canada). Semen was stored at lSoC and was used within 3 days of

collection. Sows were observed for return to estrus at l8-24d post-breeding.

Illtrasonographic pregnancy diagnosis was to be conducted on day 30 post-mating using
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a Renco Pregtone machine (Minneapolis, MN). However, due to equipment malfunction,

this was not completed.

Utrasonography

Time of ovulation was determined using transrectal ultrasonography as described

by Knox & Althouse (1999). An Aloka SSD-500 portable convex sector/linear scanner

with a 7 .5 Ì\ttrIz linear shaped probe (model #UST-5561) was used during trial l. During

tnaL 2, the same probe was used with an Aloka 500 scanner. Starting 3d postweaning,

sows were checked daily at 0900h for the presence of small (< 2mm), medium (2mm <

4mm) and large (> 5mm) tertiary follicles or corpora hemorrhagica on the ovary (Kemp

& Soede, 1996). Once standing estrus was determined, transrectal ultrasonography was

performed twice daily in trial I at 0900h and 1500h and four times daily intnal2 at

0300tr" 0900h, 1500h and 2100h. This schedule was used in trial I to monitor the final

growth of follicles and then to determine whether more sows ovulated during the daylight

(photoperiod) hours or during the dark (scotoperiod) hours. During tnal2, so\rys were

scanned four times per day in order to establish a more precise time period when

ovulation occurred.

The duration of ovulation in domestic sows is reported to range from 2-4h (Soede

et a1.,1992) with a range of 1-7h considered normal (Soede et aI., 1998). In both trials,

ovulation was said to have just begun (t : 0) if many large Graafian follicles (> 5mm)

were present, the follicles seemed to be flattening out and were becoming hazy.

Ovulation was said to have started 2h prior to the scan if there were only small and

medium tertiary follicles present, the follicles were flat and difficult to find and the
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ultrasound scan was very hazy with corpora hemorrhagicum present (Kemp & Soede,

1996). Completion of ovulation was confirmed by an additional scan 6h after the scan in

which ovulation appeared to have started or was complete.

Statistical Analysis

Lactation and Breeding Performance

In both trials, sows \ryere randomly assigned across parity to two different

photoperiod treatments - short (9h light; 146) or long (14h light; n:52). The model used

for analysis of lactation and breeding performance for both trials included the effects of

photoperiod treatment, parity and the interaction of photoperiod treatment and parity as

well as trial effects and interaction of trial with photoperiod treatment and parity. Trial

and interactions within trial were considered to be random effects while photoperiod

treatment, parity and their interactions were considered fixed effects. The error term used

for this analysis was treatment by trial by parity. Tests and comparisons were done, using

Analysis of Variance (ANOVA) and the General Linear Model (GLM) functions of the

Statistical Analysis System (SAS version 8.2, 2001), for hours from weaning to standing

estrus, duration of estrus, time of ovulation relative to weaning and relative to the onset

of estrus, sow weight change, average daily feed intake (ADFI), total born, born alive,

number of piglets weaned, litter weaning weight and average piglet weaning weight.

Equal numbers of heat checks were performed in trial I and2, therefore the data

was combined and analysed to determine the average onset of estrus. However, an

unequal number of transrectal ultrasonography observations were recorded from trial 1
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and trial2. Therefore, the observations from the two trials were combined in order to

analyze the average time of ovulation from the different photoperiod treatments during

lactation. Since transrectal ultrasonography was performed twice daily during trail 1 and

four times daily during tnal2, the observations were grouped together based on a time

period in which onset of estrus or time of ovulation was said to have occurred. Any

observations that occurred during 7am-1Oam were categorized as the morning.

Observations that occurred during lpm-4pm were characterized as the afternoon. Finally,

observations that occurred betweenTpm-4amwere considered overnight. Analysis was

then performed based on the number of observations seen during these time periods. A

chi-square test was also performed to compare the farrowing rates between the two

photoperiod treatments.

Correlations were performed, analyzing the relationships between WEI, duration

of estrus, time of ovulation relative to estrus onset and the weaning to ovulation interval.

Correlations between lactation length and WEI were also performed. All values reported

in the results are least square means + standard error of the means, unless otherwise

stated.
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CHAPTER 4

RESULTS

Intervals to Estrus and Ovulation

Parity distribution was skewed in trial2 due to three higher parity sows in the

long photoperiod. Since analyses excluding those sows demonstrated that they did not

negatively affect the results, they remained part of the data set. Lactational performance

of the sows in terms of their litters, shown in table 2, was unaffected by photoperiod

treatment.

Although sows kept in the short photoperiod during lactation tended to have a

shorter WEI in both trials, the number of hours from weaning to standing estrus (WEÐ

was not a"ffected significantly by lactation photoperiod (P > 0.05). Likewise, duration of

estrus and the interval from weaning to ovulation were similar (P > 0.05; table 3).

However, sows in the th photoperiod ovulated later after the onset of estrus than sows in

the l4h photoperiod (37.3 + 1.8h vs32.3 + 1.6h, P : 0.038; short and long photoperiod,

respectiveþ.
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TAB,LE 2. Litter performance of sows under short (9h light) or long (14h light) photoperiod

during 17d lactation.

Parameter Treatment*

N
Parity
l¿ctation length (d)

Tot¿l born
# born alive
Litter birth wt (kg)

# pigs weaned

Litter weån wt (kg)

Avg piglet wt (kg)

Short
46

1.8 + 0.3

17.3 +0.2
11.7 + 0.5

10.5 + 0.5

17.9 +0.7
9.8+0.2
58.5 + 1.9

6.0 + 0.1

Long
52

2.4 +0.3
16.9 +0.2
12.0 + 0.5

10.8 * 0.4

18.1 r 0.6

9.3 +0.2
56.0 + 1.4

6.1 + 0.1

0.139

0.t37
0.7t2
0.753
0.821

0.168

0.285
0.738

x values are least square means + standard error of the me¿Ìns.

TABLE 3. Effect of lactational photoperiod (shortr9h light; lon514h lighÐ on weaning-to-esfus interval

and time of ovulation. Sows were weaned at 0800h.

Treafnent*

N

Lactation lengttr (d)

wEr (h)

DofEft)
wol (h)

EOr (h)

Short

46

t7.3+0.2
98.5 + 3.5

64.8x2.4

t35.5 +2.6

37.3 + 1.8

Long

52

16.9r0.2
104.6 + 3.1

60.6r2.4
ß7.5 12.6

32.3 + 1.6

0.137

0.200

0.2t5
0.57r

0.038

WEI = weaning-to-estrus interval; D of E = duration of esfus; WOI : weaning-to-ovulation interval;

EOI = esfus-to-olulation interval
* values are leæt square means * standard error of ttre means.



55

Although no significant difTerences were found between the means and standa¡d

deviations for WEI when tests were performed, (98.5 t 23.1h and 104.6 * 21.8h; short

and long photoperiod, respectively) 75% of sows in the short photoperiod were first

observed in estrus during early morning hours on days 3-6 after weaning (Tables A3 &

A4), while 707o of sows in the long photoperiod were fi¡st observed in estrus during early

morning hours on days 4-7 after weaning (figure l). Over 90% of the long photoperiod

sows showed estrus before L2pm of day 4 and 5 post-weaning. While 33 % of sows inthe

short photoperiod began ovulating approximately 135.5 x2.6h after weaning (Tables A5

& A6), 22Yo of sows in the long photoperiod began ornrlating approximately 137.5 *2.6h

after weaning (figure 2). The range for the WOI for sows in the short photoperiod was

74-L73hwith a standard deviation of 17.lh. Sows in the long photoperiod had a WOI

range of 7l-l79hwith a standard deviation of 18.7h.

Onset of Estrus by Day after Weaning
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Onset of Ovulation by Day after Weaning
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Figure 2. Comparison of the duration from weaning to ovulation for the sows from the

short (S; th light) and the long (L; 14h light) photoperiod.
* M: morning time period (7 - 10am); A : afternoon time period (1 - 4pm); O :
overnight time period (7pm - 4am). Day: day after weaning.

The EOI was significantly different between the two photoperiod treatments (P :

0.038). Further, the range for the EOI for sows in the short photoperiod was 9-60h with a

standard deviation of 11.8h, while the range for the sows in the long photoperiod was 9-

52h with a standard deviation of 10.9h.

For both photoperiod treatments, a positive correlation (P < 0.0001) was seen

between WEI and the interval from weaning to ovulation. The WEI was negatively

correlated with duration of estrus (P :0.0465 and P :0.0679; short and long

photoperiod, respectively) and the interval from the onset of estrus until ovulation (P :

0.0031) (table 4). There were no significant correlations found between WEI and

lactation length (P : 0.5166 and P : 0.1933; short and long photoperiod, respectively).
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Sow weight changes from farrowing crate entry until weaning, as well as daily

feed intake, were similar between the light treatments (table 5). No significant treatment

differences were found in total born, number born alive, litter birth weights, number of

piglets weaned and the litter weaning weights.

A trend was noted, however, for sows in the short photoperiod to wean 0.5 more

piglets per litter (9.8 + 0.2 vs 9.3 + 0.2 pigs per litter, P : 0.168; short vs long,

respectively) than sows in the long photoperiod. Average piglet weaning weight was

virtually the same between the two treatments with piglets weaned from the short

photoperiod weighing, on average, 6.0 t 0.lkg and the piglets from the long photoperiod

weighing 6.1 + 0.1kg (P : 0.738) (table Z).

TABLE 4. Correlations for sows in the short (9h light; n:46) and long (lah light;
n:52) photoperiods during l7d lactation.

Correlations

SHORT
WEI and Duration of Estrus

WEI and the interval from estrus onset to ovulation
WEI and the interval from weaning to ovulation
WEI and Lactation length

LONG

-0.2858 0.0465
-0.4180 0.0031

0.8131 0.0001

-0.1017 0.5166

WEI and Duration of Estrus

WEI and the interval from estrus onset to ovulation
WEI and the interval from weaning to ovulation
WEI and Lactation length

-0.2811 0.0679
-0.7191 0.0001

0.86ó6 0 0001

0.1890 0.1933
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TABLE 5. Comparison of weight change and feed consumption of sows kept under

short (9h light) and long (lah light) photoperiods during lactation.

Parameter Treatment*

N
Lactation length (d)
Entry weight (kg)
3 day post-farrowing
weight (kg)
Sow weaning weight (kg)

Total feed consumed (kg)
Feed consumed/day (kg)

Short
46

17.3 + 0.2

260.5 +7.3
241.3 +7.1

229.1+ 6.7

83.6 +3.2
4.8+0.2

Long
52

t6.9 + 0.2

270.1+7.3
252.3 +8.8

235.8 + 6.6

77.3 i2.7
4.6+0.2

0.137

0.358
0.328

0.479

0.148
0.272

*values are least square means + standard error of the means

Subsequent Sow Performance

Re br e e ding P e rformanc e

There were no significant differences between trials or treatment groups in

rebreeding performance. Three sows from both trials were removed from the data set due

to anestrus. As well, several sows were designated culls. These sows were scanned using

transrectal ultrasonography to determine time of ovulation but were not bred and were

removed from the herd as soon as they were out of estrus. Routine pregnancy checks at

day 30 were not conducted throughout both trials, as the Renco pregnancy machine was

broken. As a result, sows were not diagnosed open until closer to their due date.

Normally, sows are checked for return to estrus on day 18-22 and for pregnancy by
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ultrasonography around day 30 after mating. If the test results were inconclusive, another

pregnancy test would be performed between days 45-60. Overall rebreeding performance

is shown in table 6.

The number of sows pregnant and the farrowing rates were not different but

unusually low for both treatment groups, compared to normal farrowing rate average of

-85o/o. No differences between treatments were seen. The reasons for this were not

obvious. Sows were mated at the usual time according to barn practice. lJltrasonography

did not pose any obvious distress to the sows. Efforts to determine a causative association

with semen quality, boar or breeding technician were inconclusive. Subsequent fanowing

performance was again quite low (farrowing rate of -7 5Yo), however, had improved

somewhat from immediately after this current trial.

TABLE 6. Rebreeding performance of sows in either the short (9h ligh! n: 46) or long
(lah light; n: 52) photoperiod treatments during lactation.

Short Long
N
Number of sows anestrus by
end ofday 7

Culls
Not pregnant

Farrowing rate se% (24/4T) 64% (2el4s)

46
J

2

17

52

J

4

I6
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CHAPTER 5

DISCUSSION

Current trends in the pork production industry are moving towards increasing

performance in both the breeding and farrowing barns by optimizing pregnancy rate and

litter size, having better control over the WEI and time of ovulation and maximizing the

number of piglets weaned from every sow. However, these goals are difficult to achieve

since sub-optimal fertility is often associated with variable WEI and variation in duration

of estrus, making correct timing of inseminations difficult (Kemp & Soede, 1996).

Sows are descendents of short-day seasonal breeders and may still retain some

responsiveness to photoperiod or day-length changes (Mauget, T982). Studies conducted

by Bowen (2000) showed that sows weaned in the morning from a lactational

photoperiod of th showed greater synchrony in their return to estrus than those that were

weaned later in the afternoon. As well, Evans et al. (1996) using a l4h photoperiod

demonstrated that the peaks of LH occur at a fixed time relative to the onset of light in

the light-dark cycle. Therefore, in the current study, two groups of sows were assigned to

farrowing rooms with either th or l4h of light during lactation and weaned within th of

presumptive dawn (lights-on) in order to investigate and better define the role that

daylength has on the WEI, time of ovulation, performance of sows and litters during

lactation and subsequent rebreeding performance.
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Farrowing rates and farrowing performance (born alive, stillborn,

mummified piglets) throughout this study were consistent with previous herd records and

data recorded elsewhere in the industry (Claus & Weiler, 1985; Prunier et al., 1994;

Peltoneimi et al., 1999). Total born, born alive and litter birth weight, as well as overall

lactation performance, were similar between photoperiod treatments (P > 0.05). However,

in trial 1, sows in the short photoperiod weaned more piglets than the sows in the long

photoperiod (P : 0.033), (Table A2). This result contradicts those reported by Claus &

Weiler (1985) who found that housing sows in a longer photoperiod caused an increase in

milk yield, resulting in a higher survival rate of low viability piglets, thereby weaning

more and heavier piglets. However, no differences were seen in the number of piglets

weaned, litter weaning weight or in average piglet weaning weight when both trials were

combined (P:0.168, 0.285 and 0.738, respectively). Therefore, a benefit for piglets of

maintaining sows under a long photoperiod during lactation, as expressed by Claus &

Weiler (1985), was not seen in these trials.

Since piglet growth was unaffected by photoperiod, it is no surprise that overall

weight changes in sows from entry into the farrowing rooms until weaning was similar in

both treatments. However, on average, sows in the short photoperiod had a slightly higher

average daily feed intake (ADFÐ than the sows in the long photoperiod. Cosgrove et al.

(1997) noted that the negative effect of a short lactation length (< 18d) on WEI was much

more pronounced in sows eating < 4.2 kgd-l than it was for those eating > 4.2 kg d-r .

Interestingly, sows in both photoperiod treatments consumed > 4.2kgd-l therefore ADFI

should not be a factor in the different EOI seen between the two photoperiod treatments.
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There were no significant trial effects on WEI. Throughout gestation, sows were

maintained in a loose-housing gestation barn, which exposed the sows to some natural

light as well as artificial light (9h). Since the trials occurred during late May/early June

and late Juþearly August, the sows were exposed to either increasing photoperiod (trial

1) or to both increasing and decreasing day length (trial 2) while in the gestation barn. In

either case, the average natural photoperiod was greater than l2h light per day. Prunier et

al. (I99$ demonstrated that increasing the light duration progressively during gestation,

in order to simulate the natural day length transition, increased the WEI. Evans et al.

(1996) reported that a 4 week period is required by an organism for the synchronization

of circadian rh¡hms to its environment. As well, Xue et al. (1994) observed longer WEI

in sows weaned in June than those weaned in November. Therefore, to avoid these

seasonal effects on WEI, so\¡/s were moved into light controlled farrowing rooms

approximately four weeks prior to the sow's predicted weaning date. Although sows in

trial I under long lactational photoperiod tended to have slightly longer WEI (P: 0.08)

(Table Al), which is consistent with results from Xue et al. (1994), there was no

significant effect when combined with data from trial2. Therefore, as planned, this

lighting schedule allowed the sows sufficient time to become entrained to the different

photoperiod treatments (Paterson & Pearce, 1990; Evans et al. 1996) and seasonal effects

incurred during gestation on WEI should have been minimized.

The majority of the sampled sows, regardless of treatment, displayed first signs of

behavioural estrus in the interval from 0400h to 1200h. Signs of estrus in 84Yo and I00%

of sows (short and long photoperiod, respectively) began to be displayed during this time

period. From a managerial standpoint, it is definitely advantageous to have the majority
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of sows begin to display estrus during the morning hours when barn staffis available and

breeding will take place. Observed numbers in the current study were likely a

combination of those sows that did begin to display estrus during this time, as well as

sows who began to come into estrus during the night. While care was taken to observe

sows throughout the night, it is possible that some first signs of estrus were missed in the

dark at which time vision was difficult and some sows would not leave their crate to get

boar exposure. In some cases, signs of estrus only become evident upon boar exposure,

which was carried out around 0800h the next morning. None the less, by the 8am heat

check on days 4 and 5 postweaning,56Yo of short photoperiod sows (37% and l9Yo; day

4 and 5, respectively) and 64Yo of sows from the long photoperiod treatment (29% and

35Yo; day 4 and 5, respectively) showed estrus.

There were no significant differences between treatments in the WEI, duration of

estrus and the interval from weaning to ovulation. However, there were trends among the

photoperiod treatments. On average, so\¡/s from the short photoperiod tended to have a

shorter WEI (P :0.200) and a longer duration of estrus (P :0.215) compared to sows

from the long photoperiod, which is similar to results reported by Weitze et al. (1994),

Kemp & Soede (1996) and Nissen et al. (1997). This could be the result of lower LH

concentrations in long photoperiod sows shortly after weaning, causing a delay in their

return to estrus (Armstrong et al., 1986).

Further, correlations were used to compare the influence of one parameter on

another. These correlations revealed that lactation length and WEI \ryere not significantly

correlated for either photoperiod treatment (r : -0.1017 and 0.1890; short and long

photoperiod, respectively). However, duration of estrus and the interval from onset of
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estrus to ovulation were negatively correlated with WEI in both the long and short

photoperiods (see table 4). This indicates that as the WEI increased, the duration of estrus

and the interval from onset of estrus to ovulation decreased. Conversely, WEI and the

interval from wea¡ring to ovulation were positively correlated in both the long and short

photoperiods, indicating that as the WEI increased, so did the interval from weaning to

ovulation. These findings are consistent with those of other research groups (Kemp &

Soede, 1996; Soede & Kemp, 1997) and support that sows with longer WEI should be

inseminated earlier in estrus than sows with short WEI, in order to achieve optimum

fertilization.

Sows from the long photoperiod may have shown greater synchrony in their

return to estrus in response to the change in photoperiod from l4h light during lactation

to th light in breeding. Sows in the short photoperiod did not experience any change in

photoperiod from lactation to breeding. Further, since the interval from weaning to

ovulation was similar between the two photoperiod treatments, it can be assumed that

lactational photoperiod has little effect on the TVEI, but may have an advantage for early

detection of estrus, when combined with hour ofweaning. The decline in photoperiod

from lactation to breeding, when combined with timed weaning, may be beneficial in

synchronizing the weaned sows.

A synchronous return to estrus (displayed by sows in both trials) is a desirable

trait in that it makes estrus detection easier and increases the success rate of a fixed

insemination time. Further, those sows may remain in a uniform farrowing grouP,

avoiding overþ large or small farrowing groups and thus maximizing the efficiency of

the barn.
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The interval from the onset of estrus to ovulation was significantly different

between the two treatments (P: 0.038). Sows from the long photoperiod tended to have a

longer WEI and shorter duration of estrus compared to sows from the short photoperiod,

resulting in shorter onset of the estrus to ovulation interval. This is consistent with

research done by Soede et al. (1994), Weitze et al. (1994) and Nissen et al. (1997).

Although retrospective, knowing the average duration of estrus of a herd is beneficial to

farmers as they can more closely predict the time of ovulation based on the average

duration of estrus and can adapt an insemination strategy accordingly.

Ovulation occurred 58% and 53o/o of the way through estrus for sows from the

short and long photoperiod treatments, respectively. This is inconsistent with findings of

Soede et al. (1994), Nissen et al. (1997) and Steverink et al. (1997) who found ovulation

to consistently occur two-thirds or 70Yo of the way through estrus. However, sows in the

current study received full boar contact twice daily, starting the day after weaning. This

type of boar contact is known to hasten the onset of estrus, thus altering the time that

ovulation occurs in relation to onset of estrus (Langendijk et al., 2000). Further, V/eitze et

al. (1994), Soede et al. (1995a) and Nissen et al. (1997) reported that ovulation takes

place at variable times after the onset of estrus. Therefore, although the average owlation

time showed very little variabilþ between the two photoperiod treatments (between 32

and 37h), the ovulation time of individual sows varied between 9-60h after onset of

estrus.

Knowing that the optimal time of insemination is G-24h before ovulation (Soede

et al., 1995a), a recommended insemination strategy is to inseminate within 24h of estrus

onset when the IVEI approaches 7d postweaning, due to the decrease in duration of estrus
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of these sows (Weitze et a1.,1994).In the current study, sows were bred by a mature boar

at the first signs of standing estrus, thus time of insemination was tailored to the

individual sows since there is known variation in the duration of estrus and thus time of

ovulation.

Ovulation takes approximately 2-4hto complete, with a range of 1-7h considered

normal (Soede et al., 1998). In both trials, ovulation was complete within the normal

Íange, as a confirmed by ultrasound scan was performed approximately 6h after ovulation

had begun.

Contrary to reports by Claus & Weiler (1985), increased autumn abortions in

sows that were bred in June were not evident at any time in the herd used in the current

study. However, an increase in 'open' sows (those not pregnant) was seen during both

trials. A chi-square test was performed to compare the farrowing rates of the two

photoperiod treatments and the test showed no significance (P : 0.574). The pregnancy

testing machine was broken and no pregnancy checks were being conducted. No signs of

abortion were evident. Therefore, we could not determine if the sows aborted their litters

or if they did not conceive after breeding, although return to estrus atZld post-breeding

\ryas not common. The poor pregnancy outcome could have been the result of a shipment

of low viable spenn or due to suboptimal insemination times. However, breeding

procedures were not different from usual during these trials.

Lactation photoperiod did not seem to play a significant role on the duration of

the WEI or on sow and litter performance. However, a significant variation in the time of

ovulation relative to the onset of estrus v/as seen between the treatment groups. This

variation appeared to be associated with the trend of sows in the long photoperiod to
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experience a longer WEI, which is consistent with other reports in the literature (Kemp &

Soede, 1996; Prunier et al., 1996). However, 94olo of sows exposed to long photoperiod

during lactation were observed in estrus by noon on days 4 and 5 after weaning.

Further research is recommended to more accurately pinpoint the time of

ovulatior¡ since this study only provided a window during which ovulation had occurred.

The use of ultrasonography allows for an accurate measurement of embryo survival,

which would help determine why sows may return open after being bred. As well, more

research needs to be conducted to determine the optimal photoperiod for sows to be

maintained under and where the greatest sensitivity and response to a changing

photoperiod occurs - in the breeding/gestation area or from the farrowing room.



68

CHAPTER 6

CONCLUSION

In the curent study, there was no difference in the WEI, duration of estrus or the

time of ovulation relative to weaning when sows rilere kept under short (9h light) or long

(14h light) photoperiods during a 17 + 2d lactation. However, time of ovulation relative

to onset of estrus was significantly different between treatment groups. Sows in the short

photoperiod group had a slightly shorter WEI, a longer duration of estrus and also took

longer to ovulate after the onset of estrus compared to the sows in the long treatment

group. However, sows in the short photoperiod were less synchronous in their return to

estrus than sows in the long photoperiod, which contradicts my hypothesis.

There was a trend for sows in the short photoperiod to wean slightly more piglets

than the sows in the long photoperiod. This contradicts reports that housing sows in a

longer photoperiod causes greater milk yield resulting in more piglets being weaned that

are heavier. However, lactational photoperiod did not seem to have any effect on sow and

litter performance. Therefore, any benefit for piglets of maintaining sows under a long

photoperiod during lactation were not seen in this study.

There were no significant differences between trials or treatment groups in

breeding performance. The number of sows subsequently pregnant and the farrowing
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rates were unusually low for both treatment groups and the reasons for this were not

obvious, but were not apparently linked to treatments or ultrasonographic techniques.

With time of ovulation being fairþ consistent from onset of estrus, within each

treatment, the ability to accurately determine the onset of estrus ensures more reliable

time of insemination to optimize conception and subsequent farrowing rates. A change in

photoperiod from a long lactation photoperiod to a short breeding photoperio"d may

enhance the synchrony of the weaned sows when returning to estrus by utilizing a sow's

sensitivity to day length. This would result in a reduction in facility expenditures while

increasing economic returns and efficiency of barn staff
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TABLE 41. Effect of lactational photoperiod (shorFgh light; lonpl4h light) on weaning-to-estrus

interval and time of ovulation for Trial I and2.

Parameter Treatment*

TRIAL I

wEr (h)

D ofE (h)
wor (h)

Eor (h)

TRIAL 2

vrEr (h)

DofE(h)
wor (h)

Eor (h)

98.4 +4.0
60.0 + 3.4

135.9 + 3.3

38.4 +2.6

Short
98.6 + 5.7

69 t3.3
138.5 * 4.0

39.7 +2.4

Long
107.6 L3.2
59.2 12.6

140.5 + 3.0

34.4 +2.5

Long
102.5 + 4.8

61.5 + 3.6

138.3 + 4.1

33.7 +2.0

0.08

0.85

0.31

0.29

0.60

0.14

0.97

0.06

WEI: weaning-to-estrus interval; D of E : duration of estrus; IVOI: weaning-to-ovulation interval;

EOI : estrus-to-ovulation interval
* values are least square means + standard error of the means.
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TABLE 42. Comparison of lactational performance between sows on short (9h light) and

long (14h light) photoperiod during 17d lactation in Trial I and2.

Parameter Treatment*

TRIAL I

N
Parity
Lactationlength (d)

Total born
# born alive
Litter birth wt (kg)
# pigs weaned

Litter wean wt (kg)
Avg piglet wt (ke)

TRIAL 2

N
Parity
Lactation length (d)

Total born
# born alive

Litter birth wt (kg)
# pigs weaned

Litter wean wt (kg)
Avg piglet wt (kg)

2l
1.5 + 0.3

18.0 + 0.4

11.8 + 0.8

10.9+08
17.5 + 0.9

10.4 + 0.3

65.2t2.6
6.3 t0.2

Short
25

2L0.4
16.8 + 0.2

tt.7 +0.7
10.3 + 0.6

18.1 + l.l
9.3 + 0.3

52.9 *2.2
5.7 L0.2

Long
22

1.5 + 0.3

t7.3 L 0.3

11.4 + 0.8
10.2 + 0.8

16.7 + 1

9.4 + 0.3

59.7 + 1.7

6.5 * 0.2

Long
30

3+0.4
16.7 +0.2
12.4 +0.6
11.1 å 0.5

19.1+ 0.8

9.3 å 0.3

53.4+ t 9
5 8+01

0.96

0.13

0.72

0.54

0.54
0.03

0.08

0.60

0.10

0.72

0.41

0.27

0.48

0.98

0.88

0.88

* values are least square means + standard error of the means.
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TABLE A3: Onset of Estrus by Day after Weaning - Trial #1

Day3 | Day4
4am l2pm 8pm 4am 12Pm 8Pm

4ant, l2pm 8pm 4an l2pm 8Pm

TABLE A4: Onset of Estrus by Day after Weaning - Trial #2

L
S

000260
302811

930000
400100

L
S

Dayl I Day3
4am 12pm 8pm 4am 12pm 8pm

Dav 4

4am lZpm 8pm l2pm 8pm

Dav 7

4am TZpm 8pm 4arn 12pm 8pm

010000
100023

10
00

8

4
1230
801

L
S

200100
400000

L
S

L
S
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TABLE A5: Onset of Ovulation by Day after Weaning - Trial #1

Morni
7am 9am I 7om4am I jam 9am I

Overnieht
7

L00
s00

0101
t217

7an 9am 1

Overni
7om4am

Morni
7am 9am I

000
010

L62
s3l

TABLE A6: Onset of Ovulation by Day after Weaning - Tnal #2

Morni
7arn 9am 10am I

Ovemi
lam 3am 4am

0000
00

L
S

I
0

0

0

lam 3am 4amJam 9arn 10am I
02
00

1l
10

Mornin
7an 9am 10am I

Overni
lam 3am 4ant

J

0

J

I

Morni
7am 9am l0am 1

Overni
lam 3am 4arn

l0
21

10
00
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TABLE 47. Feed Formulation of 16Yo Nurse Sow Ration Crumbles

Guaranteed Analysis:

Crude Protein (min)
Crude Fat (min)
Crude Fibre (max)

Salt (NaCl) Actual
Sodium (Na) Actual
Calcium (Ca) Actual
Phosphorus (P) Actual
Copper (Cu) Actual
Zinc (Zn) Actual
Vitamin A (min)
Vitamin D3 (min)
Vtamin E (min)

16.0%

4.s%
6.0%

05%
0.2%
T.jyo
0.8%

25 mgll<g

220 mg/kg
13,200 ir:/kg
1,500 iu/kg
195 iu/kg

* feed contains added selenium at 0.3 mg/kg

TABLE 48. Feed Formulation of l5%o Dry Sow Ration Crumbles

Guaranteed Analysis:

Crude Protein (min)

Crude Fat (min)
Crude Fibre (max)

Salt (NaCl) Actual
Sodium (Na) Actual
Calcium (Ca) Actual
Phosphorus (P) Actual
Copper (Cu) Actual
Zinc (Zn) Actual
Vitamin A (min)
Vitamin D3 (min)
Vitamin E (min)

T5.0%

3.s%
7.4Yo

0.60/0

0.2%

r.0%
0.9%

20 mg/kg
230 mglkg

13,200 iu/kg
1,500 iu/kg
170 iu/kg

x feed contains added selenium at0.3 mglkg
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Effect of Lactational Photoperiod on WEI,
Duration of Estrus, WOI and EOI
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Figure 41. Average effect of lactational photoperiod on weaning-to-estrus interval

(WEI), duration of estrus, weaning-to-ovulation interval (WOD and estrus-to-ovulation

interval (EOÐ for both trials.
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Figure 44. Comparison of the duration from weaning to owlation for the sows from the
short (S; th light) and the long (L; 14h lighÐ photoperiods during Trial 1.

M: morning time period (7-10am); A:afternoon time period (l-apm); O:overnight time
period (7pm-4am). Day: day after weaning
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Figure A5: Comparison of the duration from weaning to ovulation for the sows from the
short (S; th light) and the long (L; lah üght) photoperiods during Trial 2.

M: morning time period (7-10am); A:afternoon time period (l-apm); O:overnight time
period (7pm-4am). Day: day after weaning.


