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Nutrition andsow prolificacy
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Summary. Prolificacy has been defined as the number of viable piglets produced per

year or per breeding lifetime. Prolificacy is influenced by age at first successful mating,

ovulation rate and embryo survival at each mating, number of live born, viable pigs

and the sow's ability to be successfully remated at regular intervals.

It is concluded that under normal conditions of feeding and management nutrition

will have a minimal influence on gilt prolificacy. However, to gain the advantages of a

slightly younger age at puberty, maximal ovulation rate and an adequate fat cover (if

only to ensure against subsequent poor management), gilts should be fed ad libitum

up to the time of mating. Long-term performance is best served by minimizing

fluctuations in live weight and fat reserves, so avoiding extremes of body condition and

subsequent poor performance. This is achieved by small controlled increases in sow

body weight during pregnancy and feeding to appetite for restricted periods each day

during lactation. Assuming the sow has not achieved a very poor condition during

lactation, feeding level during pregnancy will have little effect on numbers of piglets

born, and only a limited influence on piglet birthweights. The conclusion that piglet

birth weights will be influenced more by total pregnancy feed intake than pattern of

feed distribution is unchallenged. Lactation feed intake is shown to have marked effects
on the post-weaning performance, low-level feeding leading to an extension of the

remating interval and possibly increasing embryo mortality.

No benefit of high-level feeding after weaning is demonstrable, except possibly in

primiparous sows or sows having suffered an extreme loss of liveweight and body

condition during the previous lactation.

Introduction

Over the past 15 years there have been numerous reviews of sow nutrition as it affects reproductive

performance (MacPherson, Elsley & Smart, 1969; Elsley & MacPherson, 1972; Elsley, 1973; ARC,

1981; Cole, 1982). For many of the experiments reviewed, the criticism of Elsley (1973) "that many

nutritional experiments with sows are not undertaken with sufficient accuracy, replication or

duration to allow us to detect even a 10% difference in sow productivity or to evaluate long term

effects on breeding regularity" still apply today. In addition to the above criticism, much of the

earlier work dealt with the effects of nutrition within a discrete area of the breeding cycle (i.e.

pregnancy, lactation or the post-weaning period) and as such only demonstrated direct effects.

What is becoming increasingly apparent is that nutrition may have indirect effects, the most

notable being the influence of feed intake and weight gain in gestation on feed intake and weight

change in lactation, and the influence of feed intake and weight and body composition changes

in lactation on the post-weaning and early gestation performance. In addition to these reviews

there have been regular estimates of the nutrient requirements of breeding sows by the National

Academy of Sciences, National Research Council of the USA (NAS-NRC, 1959, 1964, 1968, 1973,

1979) and by the Agricultural Research Council (1967, 1981) in the United Kingdom. However,

Whittemore (1983) suggested that nutrient requirements cannot be stated in fixed terms but that



170 F. X. Aherne and R. N. Kirkwood

nutrients are required at levels to satisfy a targeted response in the animal consistent with the
animal's genetic potential and its environment. ARC (1981) has attempted to do this, although
Cole & Harker (1983) consider that the upper target gain for pregnant sows of 40 kg suggested by
the ARC (1981) is excessive, while the data of Whittemore, Franklin & Pearce (1980) would suggest
that the lower suggested target gain of 20 kg is too low.

In recent years it has been suggested that the long-term reproduction of the sow is best served
by minimizing weight and fat loss in lactation (Cole, 1982). Such a strategy would require only a
minimal restoration of weight in the following pregnancy which would be beneficial since the

greater the feed intake and weight gain in pregnancy the greater the weight loss in lactation
(Salmon-Legagneur & Rerat, 1962; O'Grady, 1980).

A final criticism of the literature to date is that while in many instances a physiological effect on
the female reproductive system has been attributed to the influence of nutrition no attempt has
been made to ascertain the nature of this nutritional effect. Of particular note is the practice of
flushing to increase ovulation rate. This phenomenon was described by Coop (1966), but its
mechanism of action remains to be determined almost 20 years later.

For the purposes of this review, prolificacy is defined as number of viable piglets produced per
sow, either per year or per breeding lifetime. For simplicity, this review is structured to take
account of the individual phases of the sow's breeding cycle while stressing that nutrition in one
period may exert its influence in another.

Gilt nutrition

Gilts are likely to constitute 30-40% of the breeding females of a herd, and therefore factors affect-
ing gilt reproductive performance will have a significant impact on overall herd prolificacy. These
factors are age at successful mating, ovulation rate at the oestrus of mating, first litter size and the
ability to be successfully remated.

Age at puberty

Age at successful mating is largely dependent on age at puberty. Therefore, to maximize
productivity it would seem appropriate that management and nutritional regimens be employed to
induce puberty as early as possible. There have been several reviews on the effect of nutrition on
puberty onset (Anderson & Melampy, 1972; Brooks & Cole, 1974; Den Hartog & van Kempen,
1980), and a common conclusion is that while very severe feed or energy restriction (50% of
ad-libitum levels) will delay the onset of puberty, less severe restriction (60-70% of ad-libitum
levels) leads to variable results; restriction delayed puberty in 2 trials, advanced puberty in 10 and
had no effect in 15 (Den Hartog & van Kempen, 1980). That 50% feed or energy restriction delays
puberty is not unexpected since such a severe restriction is likely to slow all somatic growth and as
reproductive development has a lower priority for dietary energy than does general growth
(Gunther, cited by Den Hartog & van Kempen, 1980), puberty will be delayed. Restricting energy
intake delayed puberty by an average of 16 days in 9 experiments, yet hastened puberty by an
average of 11 days in 5 others (Anderson & Melampy, 1972). Den Hartog & van Kempen (1980)

reported that in restricted-fed gilts puberty is delayed by 9 days (Table 1), a result similar in
magnitude to the results of Anderson & Melampy (1972). According to the data of Legault &
Dagorn (1973) the 9-day delay noted by Den Hartog & van Kempen (1980) represents a reduction
in sow productivity of about 0.2 pigs per year. Therefore, unless more substantial changes in age at
puberty are found, changes in prolificacy will be less than impressive. However, the data of Etienne,

Camous & Cuvillier (1983) indicate that large differences in age at puberty may appear if a restric-
tion (33%) is imposed from an early age (Table 2). This may indicate a critical period during
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Table I. Influence of energy intake of gilts during rearing

on age and weight at puberty (from Den Hartog & van


Kempen, 1980)




Low High

Number of trials 22 14

Mean starting age (days) 86-7 85-8

Mean starting weight (kg) 36-2 34.8

Mean energy intake (M1 ME/day) 22.3 34-4

Age at puberty (days) 211 202

Wcight at puberty (kg) 80 99

Table 2. Influence of feed restriction of gilts (up to 60 kg, and between 60 kg

and puberty) or ad-libitum feeding on age and weight at puberty (from Etienne


et al., 1983)

Feeding level Restricted Restricted Ad-libitum

Period of restriction 28-60 kg 60 kg to puberty




Age at puberty (days) 255-8 225-5 232-2

Weight at puberty (kg) 123-7 111-0 124-3

growth when a moderately severe restriction will retard development, but once beyond this period

only a very severe (e.g. 50%) restriction will delay puberty.

There is general agreement in the literature that limited protein restriction during the rearing

period will not influence puberty attainment. In only one of 10 experiments reviewed by Den

Hartog & van Kempen (1980) did protein restriction have a favourable effect on age at puberty.

However, severe restriction will cause a delay of puberty onset (Jones & Maxwell, 1974; Wahlstrom

& Libal, 1977). There is also evidence that the amino acid balance of the protein supplied may

influence puberty attainment (Fowler & Robertson, 1954; Friend, 1973).

It is suggested that modern diets which meet recognized standards of energy and protein

content (including amino acid balance) have allowed gilts to express their potential in terms of age

at puberty and only limited further improvements can be expected. Indeed, environmental factors

and husbandry practices are far more likely to influence age at puberty than is nutrition.

Ovulation rate

The major constraint on first litter size is ovulation rate (King & Williams, 1984c). Delaying

mating until second or third oestrus allows the use of short-term high-level feeding to increase

ovulation rate. The subject of flushing has been extensively reviewed previously (Anderson &

Melampy, 1972; Brooks & Cole, 1974; Den Hartog & van Kempen, 1980). It is firmly established

that increasing feed or energy intake before mating will increase ovulation rate (Table 3), and the

optimum period of increased intake appears to be in excess of 11 days. Variable results are obtained

when gilts are given increased energy intake on the day before or on the day of mating, whilst no

effect is noted if it is given on the day after mating.

What still remains to be determined is whether flushing increases ovulation rate beyond that

which would be normally expected, or reverses a nutritional inhibition due to previous low-level

feeding. That the latter is a possibility is suggested by the average daily energy intakes of high and

low energy groups reviewed by Den Hartog & van Kempen (1980) (41.1 and 22.5 MJ metabolizable

energy (ME)/day respectively). The energy intake for the restricted gilts is far below what would

normally be fed in commercial practice. Anderson & Melampy (1972) suggested that optimal
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Table 3. Influence of premating dietary energy intake on ovulation rate in sows (adapted from Den

Hartog & van Kempen, 1980; data in parentheses are from Anderson & Melampy, 1972)

Period of feeding

Rearing Oestrous cycle

Low High Low High

Number of trials 21 (7) 21 (7) 30 (24) 36 (24)
Energy intake (M.1 ME/day) 21-2 (17-6) 33-8 (36-9) 22.5 (24.1) 41.1 (42-1)
Ovulation rate 91.8 (13.8) '13-2 (15.4) '11.8 (11.6) '13-7 (13-4)

Within feeding period, means with different letters differ significantly (P <0-001)

ovulation rate is obtained by about a 25 MJ ME/day increase in energy intake. Thus, for gilts
previously fed only 17.6 MJ ME/day (Table 1), the final daily energy intake would be 42.6 MJ ME
which is close to that recommended by the NRC (1979) for a 100 kg gilt.

Protein level

At protein levels between 12.5 and 16%, source or level of protein appears to have little effect on
ovulation rate (Fowler & Robertson, 1954; Zimmerman, Peo & Hudman, 1967). Over a short
period (I cycle) protein deprivation has little effect on ovulation rate. However, prolonged feeding
(4-6 cycles) of a protein-free diet led to a significant reduction in ovulation rate (McGillivray el at,
1964).

Conception rate

Conception rate will influence the interval between puberty and effective service. There is no
clear evidence in the literature regarding the influence of nutrition on conception rate in gins. The
results of 26 experiments employing high and low feed intakes up to puberty, or during the oestrous
cycle, reviewed by Den Hartog & van Kempen (1980), gave differences in conception rates or
between 80.5 and 88%, which were not significant

Embryo survival

High-level feeding during rearing or in the premating period is associated with an increased
embryo mortality (Table 4). The reasons for this are unclear, although the data indicate that gilts
having high energy intakes had an increased ovulation rate and evidence reviewed by Anderson &

'rable 4. Influence of feeding level on embryo survival in gilts (adapted from

Den Hartog & van Kempen, 1980)




No. of Energy intake No. of Embryo
Period trials (M1 ME/day) embryos survival (%)

Prepubertal 19 35.7 9-8 69.7"




46 22.8 10-0 77.5

Premating 36 38-5 10.1 73.2*




31 21-6 9.7 78.3

"P < 0.01; < 0.04.
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Melampy (1972) and Den Hartog & van Kempen (1980) suggests that an increased ovulation rate
will lead to an increased embryo mortality and therefore only a small, if any, increase in final litter
size.

Long-term performance

Currently, a major issue regarding the replacement gilt is the influence of level of backfat at
selection or mating on the short- and long-term prolificacy of the sow. Modern gilts are mated
younger, lighter and with less body fat reserves than those of a decade ago (Table 5) and there has
been concern that this would lead to an increase in culling rates, especially after the production of
the first litter.

Table 5. The influence of selection on gilt backfat

measurements at 90 kg liveweight (data from


Alberta R.O.P.)

Gilts home tested (1973-1984)

	

Average Average
No. backla I age at 90 kg

Year tested (mm) (days)

973 1,568 9 6 91
974 1,579 9 1 88
975 2.411 8 5 79
976 3,159 7 8 74
977 4,390 7 4 72
978 7,790 6 8 77
979 9,988 6 0 77
980 9,664 5 7 74
981 9,778 5.8 74
982 10,990 5 2 72
983 11,809 4 8 67
984 12,004 5 4 71

The amount of body fat in gilts at mating may range from 16 to 37 kg (Elsley & Gilchrist
Shirlaw, 1976). However, there is evidence that initial body composition differences in gilts are
greatly reduced by the time the sow has farrowed her second litter, primarily due to the fatter gilts
loosing more liveweight and backfat during the first lactation (Table 6). In terms of prolificacy it
has also been shown that the total number of pigs produced after 3 litters is independent of initial
oestrus at mating (and presumably backfat depth) of replacement gilts (Table 7). It therefore
appears that selection for leaner gilts, and mating at relatively young ages has no adverse effect on
long-term performance, provided nutrition and management are satisfactory. However, an as yet
undetermined minimum fat cover is required as the successful reproduction and breeding of very
lean gilts allows little margin for error in nutritional management over the entire breeding cycle. It
is therefore, recommended that genetically lean gilts that are being mated before they reach 120 kg
liveweight be fed ad libitum during the growing—finishing period (20-100 kg liveweight) and up to
the time they are mated. Such a feeding regimen will maximize body weight and body condition and
may result in increased ovulation rate and litter size at farrowing.

Pregnancy

If feeding regimen is to influence prolificacy it may do so during the course of a single gestation by
influencing embryo and fetal survival, number of pigs born or viability of liveborn pigs.
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Table 6. Changes in midbackfat depth (BF) for conventional and

early mated gilts (from Brooks, 1982)

Early mated Conventionally mated

Mean mating age (days) 198 237
BF post parium (litter I) 18.8 25-0
BF at weaning (litter I) 16.8 18-2
BE at remitting

Parity 2 18-2 18-0
Parity 3 14-6 15.3
Parity 4 14-0 15-1

Table 7. The effect of oestrus of mating on performance of

sows over 3 parities (from MacPherson et at, 1977)

Oestrus of mating

2 3

Weight at 1st mating (kg) 88.1 98-2 115.1
Weight at 4th mating (kg) 165.5 168-9 165-8
Pigs weaned (1st litter) 7.8 8-3 8.6
Pigs weaned (litters 1—)) 26-5 26.4 26-9

Feed and energy intake

The feed and energy requirements of the pregnant sow will depend on her live weight, her target
body weight gain during pregnancy and other management and environmental parameters. From
an analysis or 20 experiments Elsley (1973) calculated that feed intake in pregnancy was highly
correlated with live weight gain of sows (0-7 1), reasonably correlated with piglet birth weight (0.46)

but poorly correlated with litter size (0.14). Most studies since that time have confirmed that wide
variations in feed intake do not significantly influence litter size (ARC, 1981). Indeed, Whittemore,
Taylor, Hillyer, Wilson & Stamataris (1984) reported that gestation feed intakes of between 1.7 and
2-3 kg/day maintained for 5 parities had no significant effect on total numbers born. The majority
of experiments have also demonstrated that although there may be a progressive increase in piglet
birth weights with increasing sow feed or energy intake during pregnancy (Fig. I), the response
above 25 MJ digestible energy (DE)/day was seldom significant (Libal & Wahlstrom, 1977; Henry
& Etienne, 1978; ARC, 1981), the major effect being seen with maternal weight gain. However,
levels of energy below 20 MJ DE/day have generally reduced fetal weights significantly (Close,
Noblet & Heavens, 1984). I t is well established that the greater the weight gain and level of backfat
deposition during gestation, the greater will be the weight and backfat depletion during the
subsequent lactation (Brooks & Smith, 1980; Seerley & Ewan, 1983) due at least in part to a
reduced appetite in lactation (Salmon-Legagneur & Rerat, 1962). It is therefore suggested that the
minimum requirement of digestible energy for a pregnant sow of 140 kg and having a 25 kg net

body gain should be 25 MJ/day (Cole, 1982; Seerley & Ewan, 1983).

Protein intake

Although sow weight gain will respond to increased protein intake up to levels of 300 g/day in
gestation, no improvement in reproductive performance is apparent beyond a daily intake of
approximately 140 g supplying 8-10 g lysine, 7-8 g threonine and 1.5 g tryptophan (O'Grady, 1980;
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Fig. 1. Influence of energy intake of the sow during gestation on piglet birthweight (summary of
14 experiments).

ARC, 1981; Cole, 1982). For a sow weighing 140 kg with a target net weight gain of 25 kg the diet

should supply 230 g protein per day. In a review of the literature, Speer (1982) stated that feeding

very low protein levels (0.5-2-0%), protein-free diets or even periods of complete inanition do not

seem to affect adversely embryo or fetal development or litter size but may reduce birth weight. It is

apparent that nutrition during the course of a single pregnancy has, at most, only a limited direct

influence on reproductive performance. However, severe protein and/or energy restriction.during

both gestation and lactation, especially if maintained over several parities, will significantly reduce

the number of sows exhibiting oestrus after weaning, number of days to oestrus and ovulation rate
(Holden, Lucas, Speer & Hays, 1968; Svajgr et at, 1972; Pike & Boa; 1972; Hovell & MacPherson,

1977).

Pattern offeed intake

In addition to feed levels over the entire pregnancy, interest has also been expressed in the

influence of short-term nutrition within the gestation period. Although high-energy intakes before
mating increase ovulation rate, continuation of these dietary regimens in early pregnancy may

decrease embryo survival (Table 8). However, a recent study by Toplis, Ginesi & Wrathall (1983)

failed to confirm an effect of high energy intake on early embryo survival. These authors suggested

that in trials in which a detrimental effect of nutrition on early embryo survival has been demon-

strated, the experimental animals tended to be gilts and in trials in which no effect is noted, older

animals are more usual. They further suggested that since the various nutritional regimens were

usually implemented at or very soon after mating an increase in ovulation rate may have occurred

and increased ovulation rates are associated with increased embryo mortality. A further indication

that this may be the case is that in the trials in which Den Hartog & van Kempen (1980) noted an

effect of nutrition on embryo survival, actual numbers of embryos present were very similar (Table

8). It is customary to evaluate embryo mortality 20-30 days post coitum but this may lead to false

conclusions. Levels of embryo mortality of 18-8-33% were reported by Etienne et at (1983) for

gilts on various prepubertal feeding regimens. However, these differences were reversed for fetal
mortality (assessed at 105 days of gestation) which lead to no difference in actual fetal numbers. In
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Table 8. Influence of energy level (L= low; H = high)

during rearing, the oestrous cycle and after mating on

ovulation rate, number of embryos and embryonic

survival in gilts (from Den Hartog & van Kempen,


1980)

Sequence or treatments




LLL LHL HHH

No. of trials 26 14 15
No. of ova shed


(calculated) 12-6 13.9 14.0
No. of embryos 9.90 10-75 9.84
Embryonic survival

(%) 78.7a 77-6a 70-36

Within rows, means followed by different letters differ
significantly (Pc 0-05).

Table 9. The effects of feed level in gestation on

plasma progesterone levels and embryo


survival in sows (from Dyck et at, 1980)

Mean
Embryo progesterone

Feed level (%) (ng/ml)

Low 82-8 16.7
Medium 78-6 13.8
High 71-9 11.8

trials in which embryo survival is decreased, the effect may be mediated by a reduction in plasma
progesterone, since both increased feed or protein in early pregnancy has been shown to influence

plasma progesterone (Jordan & Swanson, 1979; Dyck, Palmer & Simaraks, 1980; Table 9).
Theoretically, the nutrient requirements of sows increase with advance in pregnancy, following

the pattern of fetal development. Fetal weight is doubled over the last month of pregnancy,
especially in the last 10 days, which is the period of most rapid fetal growth. Therefore, there has
been considerable interest in the influence of pattern of gestation feeding on piglet birth weights.
Cromwell ea at (1982), using 848 sows, increased daily sow feed intake by 1.36 kg for the last 23
days of pregnancy and noted a significant increase (50 g) in piglet birth weights. However, the
biological significance of this result is contentious since Hillyer & Phillips (1980), using 304 sows,
obtained very similar weight gains which were not significant (Table 10). In both trials, total feed
intakes were very different between treatment groups. Elsley et at (1971) fed sows the same total
feed in various patterns and found no effect on piglet birth weights and this suggested that the
pattern of feed intake during pregnancy is less important than total amount fed. It has been stated
by Cole (1982) that if any benefit is to be gained from increasing feed levels in late gestation, it will
only be to increase birth weight when this might have been expected to be low. Moser & Lewis
(1980) and Seerley (1984) have reviewed the data dealing with the influence of increased dietary
energy density by adding fat and have concluded that supplementing the diet of the periparturient
sow with fat (optimum level 7.5%) increases the fat content of colostrum and milk, and survival of
small (<0.9 kg) piglets is also improved. In general, the addition or lipid to the diet of sows in

late gestation has not increased the fat or glycogen content of the newborn pig (Seerley, 1984).
The feeding of fat to sows in late gestation and during lactation has been reported to shorten the
interval between weaning and oestrus (Seerley, 1984).
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Table 10. Influence of increased feed level in late gestation on

sow and piglet performance (data from Cromwell el al. (1982)


and Hillyer & Phillips, 1980)

Feed level

Basal High

Sow gestation weight
change (kg) 39.8 48.9

Piglet birth weight (kg) 1.41 (1.36) 1.46 (1-39)

Lactation

The energy and protein requirements of the lactating sow will depend on the weight of the sow, her
milk yield and iis composition and her target change in weight during lactation. For a sow weighing
165 kg at parturition, producing an average of 6-2 kg milk and losing 6.5 kg weight throughout a
42-day lactation, a daily intake of 75 MJ DE and 750 g protein per day should suffice. It is well

established that levels of feed, energy or protein intake will affect sow body weight changes as well
as milk yield and composition (ARC, 1981; Cole, 1982). However, as our definition of prolificacy is
the number of viable pigs produced either per year or per breeding lifetime, nutrient intake during
lactation will have no direct effect on sow prolificacy. However, lactation feeding strategies may
have considerable indirect effects, i.e. influencing the productivity of the sow after weaning. Indirect
effects of lactation feeding regimen on prolificacy will be expressed in terms of the length of the
remating interval, ovulation rate, conception rate, embryo mortality and subsequent litter size.

Remating interval

Although early work with sows failed to demonstrate an influence of lactation energy intake on
the weaning to remating interval (O'Grady, Elsley, MacPherson & McDonald, 1973), the sows in
these trials probably had considerable initial backfat reserves and the level of energy restriction was
not particularly severe (50-80 MJ DE/day). More recent investigations have firmly established that
sows loosing excessive amounts of live weight or body condition will have extended rernating inter-
vals and an increased incidence of anoestrus (King, Williams & Barker, 1982, 1984; Reese et al.,

I982a, b; Reese, Peo & Lewis, 1984; King & Williams, I984a, b; Hughes, Henry & Pickard, 1984).
What remains undefined is the level of weight or condition loss below which an extension in

the remating interval will occur and the level of dietary energy intake required to prevent this
extension. The results of Reese et at (1982a, b, 1984), King & Williams (1984a) and King el at
(1984) have been summarized in Table I I. The results have been partitioned according to whether
the energy intake was higher or lower than 50 MJ DE/day. Values for low energy intake varied
between 26 (King & Williams, I984a, b) and 33.6 (Reese et at, 1982a, b, 1984) MJ 1DE/day, and it
can be seen that increasing the energy intake to around 50 MJ DE/day produced a considerable
improvement in the remating interval. However, increasing energy intake beyond 50 M.I DE/day
provided little or no further improvements (Reese et at, I982a). It should be noted that in all trials,
restrictions were maintained for only one lactation. Reese et at (1984) subdivided their low-energy
group into those that did and those that did not return to oestrus and noted that the lactation
weight loss and post-weaning weight gain were very similar, indicating that weight change per se
had little or no influence on the time taken to achieve oestrus. However, they did note that the
lactation backfat loss was higher in those sows that remained anoestrous (P = 0- I) and the cal-
culated percentage body fat was lower (P < 0.05). This is an indication of a physiological function
for adipose tissue, a suggestion more fully discussed by Kirkwood & Aherne (1985). Some muscle
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Table II. Influence of lactation energy intake on days to oestrus in

sows

Energy intake % in oestrus % in oestrus % anoestrous
(M1 DE/day) by Day 8 by Day 14 on Day 21

> 50 86-9 (7) 95-0 (5) 1-2 (5)
<50 55-0 (6) 64-8 (4) 20-1 (5)

Numbcrs in parentheses refer to the number of trials.

wasting occurred in the energy-restricted sows as judged by serum creatinine concentrations but
this was considered by Reese et al. (1984) not to be related to delayed expression of oestrus.

The adverse influence of condition loss on the duration of the remating interval is not limited to
pigs as a similar situation has been documented for cattle (Rutter & Randel, 1984). The physiologi-
cal mechanism(s) whereby lactation condition change affects the remating interval are unknown.
However, studies with cattle have described a negative correlation between basal plasma luteiniz-
ing hormone (LH) during the remating interval and weight loss (Rutter & Randel, 1984) and a
similar situation may be occurring in pigs (Nelssen et at, 1984). The reasons for this lower LH level
and its possible consequences remain to be determined.

Ovulation rate

Hardy & Lodge (1969) reported that ovulation rate at the first post-weaning oestrus was signifi-
cantly influenced by live weight changes in the previous lactation. Brooks (1982) suggested that
gilts that become catabolic during lactation may remain so after weaning and as a consequence
have reduced ovulation rates. However, other studies have failed to detect an effect of weight loss in
lactation on ovulation rate (Pike & Boaz, 1972; King er al., 1982; King & Williams, I 984a, b;
Hughes et at, 1984). The adverse affects of large liveweight changes on conception rate reported
by Hardy & Lodge (1969) have not been confirmed by others (Reese et al., 19826; King et at, 1984;
King & Williams, I 984a) and may be a result of poor detection of oestrus in sows having uncharac-
teristic weaning to remating intervals.

Embryo survival

While there is general agreement that low-level feeding in lactation adversely influences the
weaning to remating interval, whilst not affecting subsequent ovulation rate, the influence of lac-
tation feed level on subsequent embryo survival is not clear. Thus, King & Williams (1984a, b)
reported no influence of low lactation dietary energy or protein intakes on embryo survival, while
others do note an adverse effect of low-level feeding (King et at, 1984; Hughes et at, 1984; Table 12).
It is clear that insufficient work has been done in this area. An obvious question is whether a mini-
mum backfat level must be achieved, rather than a minimum backfact depletion, before embryo
survival is compromised (i.e. will poor lactation nutrition only adversely affect those sows already
relatively thin). If condition loss in lactation is to affect embryo survival, the mechanism of action
remains unclear. It may be a similar situation to that experienced following early weaning where an
increase in embryo mortality is also seen. Following short lactations, the preovulatory release of
LH at natural or oestrogen-induced oestrus is significantly reduced (Kirkwood, Lapwood, Smith &
Anderson, 1984a; Kirkwood, Lapwood, Smith, Moller & Garrick, I 984b) and it has been suggested
that this may influence the quality of luteinization of the corpora lutea with possible implications
for progesterone (or some other luteal product) secretion and thus embryo survival. That LH (or
some other pituitary product) may influence luteinization is indicated by the results of du Mesnil du
Buisson & Leglis (1963) who noted that hypophysectomy of cyclic gilts prevented the corpora lutea
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from achieving their full weight (and presumably full activity) even though pig corpora lutea are

considered to require no luteotrophic support.

It is known that live weight change in lactation will influence live weight and backfat change in

the post-weaning period (Henry, Pickard & Hughes, 1984; Hughes et at, 1984; Table 13). It has

also been documented that, in sheep, plane of nutrition can have a marked influence on hepatic
blood flow (Bensadoun & Reid, 1962). In sows having excessive weight and fat losses in lactation, it

is possible that an increased hepatic blood flow after weaning is increasing the metabolic clearance

rate of plasma progesterone. Indeed, Hughes et al. (1984) reported a lower plasma progesterone

profile during early pregnancy and an increased metabolic clearance rate of plasma progesterone

(P. E. Hughes, personal communication) in sows that received a flow feed level in the previous
lactation, together with a concomitant increase in embryo mortality.

Table 12. The effects of lactation feed level on post-




weaning reproductive performance of sows (after

Hughes et at (1984) and S. Baidoo, R. N. Kirkwood,


F. X. Aherne & A. P. Sather, unpublished)

Lactation feed level (kg/day)

3 7

Remating interval 8-0 5-5
Ovulation rate 19.0 19.5

Embryo survival (%) 63.4 75.3

Table 13. Influence of lactation feed level on liveweight and

back fat changes in the sow (summary of 7 experiments)

Lactation feed level




Low High

Liveweight loss in lactation (kg) 27-9 6.9

Backfat loss in lactation (kg) 6.0 1.4

Liveweight change
weaning—remating (kg) +2.1 —6-9

Backlat change
weaning—remating (mm) 0-0 —2-3

After weaning

The major objectives of nutrition during this period are to shorten the interval to effective mating,

synchronize the onset of oestrus and maximize the ovulation and conception rates. Previous
recommendations have included a 'drying off' period for at least 24 h after weaning during which

the sow receives no food or water. It has been suggested that this is an effective means of shortening

and synchronizing the interval to oestrus (MacLean, 1969). More recent evidence indicates no
beneficial value or this practice (Allrich, Tilton, Johnson, Slanger & Marchello, 1979; Tribble &

Orr, 1982) and it may even be detrimental with some management systems (Allrich et at, 1979).

Retnating interval

. Of greater interest is the influence of post-weaning plane of nutrition on the remating interval of
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sows. Increasing the level of feeding after weaning has been reported to shorten the interval to
service in primiparous sows (Brooks & Cole, 1972), to increase the numbers exhibiting oestrus
within 10 days of weaning (Brooks & Cole, 1972; Fahmy & Dufour, 1976) and increase the syn-
chronization of oestrus (Dyck, 1972). Other reports failed to confirm an effect of nutrition on the
length of the weaning to service interval (Dyck, 1972, 1974; Brooks, Cole, Rowlinson, Croxson &
Luscombe, 1975; Fahmy & Dufour, 1976; Den Hartog & van der Steen, 1981; Tribble & Orr, 1982).
It is possible that the result of Brooks & Cole (1972) was due to the use of gilts in their study which
may respond differently from multiparous sows to post-weaning feed intake. However, Den Hartog

& van der Steen (1981) also used primiparous sows and observed no response to variations in
post-weaning feed intake. Brooks et al. (1975) stated that all animals in their trial were subjected to
an excellent standard of management and overall there was no loss of body weight during lactation.
Whilst not measured, these authors estimated that in their earlier work (Brooks & Cole, 1972) the
primiparous sows lost about 20 kg live weight during lactation. It therefore seems possible that a
further indirect nutritional effect exists, i.e. lactation feed level (and thus weight change pattern)
may affect the response of sows to the post-weaning feed level. There is therefore a requirement for
information on the influence of post-weaning feed level on the reproductive performance of sows
which have had different lactation nutritional histories. It seems possible that high energy intakes
after weaning may benefit those sows destined for a prolonged remating interval but generally, in a
well managed herd, post-weaning nutrition will not affect the time taken to reach oestrus.

Ovulation rate

The available information on the influence of post-weaning nutrition on ovulation rate at the
first oestrus and subsequent litter size is contentious. The normal remating interval for a sow is vari-
able but may be as low as 4-5 days and as such appears to correspond to the follicular phase of a
normal oestrous cycle. Therefore it may be expected that sows will respond to nutritional changes
in this period in a similar manner to gilts. However, there is little evidence to support a claim for
high level feeding during the remating interval affecting either the ovulation rate or subsequent

litter size of sows. This may in part be due to the relatively short time span involved since Dyck
(1974) reported that increasing feed level will not affect the first post-weaning ovulation rate, but
does increase ovulation rate at the second post-weaning oestrus (Table 14). Lodge & Hardy (1968)
did report an increased litter size in flushed sows (9 vs 10.8) although this may be the result of con-
trol sows having a low mean litter size. The flushing therefore seems to have brought a low litter size
back to 'normal' rather than cause an increase above what was to be expected. Indeed, with larger
litter sizes in the control groups, various authors have failed to confirm a stimulatory effect or
increased feed intake on ovulation rate (Fahmy & Dufour, 1976; Tribble & Orr, 1982).

Conception rale

Increasing post-weaning feed levels for primiparous sows has been reported to improve

Table 14. Effect of nutrition on

ovulation rate of sows at first or

second oestrus after weaning (data


from Dyck, 1974)

Oestrous period

Feed level (kg) 2

	

1.82 11.6 11-9

	

2-72 10.2 12-5
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conception rates (Brooks & Cole, 1972), although this is not confirmed by results from older sows

(Dyck, 1972; Brooks el at, 1975; Fahmy & Dufour, 1976; Tribble & Orr, 1982). However, the

possibility of an interaction between lactation and post-weaning feed levels remains to be

adequately investigated. It is concluded that level of feeding in the remating interval is unlikely to

improve reproductive performance unless it is to reverse a reduction in performance due to poor

nutrition management in lactation (Pike & Boaz, 1972).

Conclusions and speculations

This review further supports the already well accepted conclusion that severe under or overfeeding

of the breeding female will adversely affect her reproductive performance. However, the gilt and

sow can tolerate a moderate nutritional insult for several parities without any significant effect on

prolificacy, although maternal weight gain and body composition will be affected. 11has been sug-

gested that the long-term reproductive performance of sows is best served by a feeding regimen that

will conserve body fat reserves.
It is not clear how excessive weight or fat loss affect reproductive performance. The influence of

changes in body composition on steroid metabolism has been reviewed previously (Kirkwood &

Aherne, 1985). Briefly, it is suggested that adipose tissue can metabolize androgens to oestrogens

and the potency of the end product (e.g. oestradiol, oestrone, oestriol or catechol oestrogens) will

be influenced by the level of fat reserves. Also, adiposity may influence the relative amounts of free

and bound steroid, possibly by the changes in sex steroid-binding globulin (the existence or not of

SSBG in pigs remains undetermined) or a competition for carrier protein (e.g. albumin) binding

sites with elevated concentrations of plasma fatty acids (F. Evans, personal communication).

Nutritional regimen may also alter rates of steroid clearance by increasing hepatic blood flow

and/or hepatic mixed function oxidase activity. This mechanism has been used to explain the

flushing effect on ovulation rate (Kirkwood & Aherne, 1985). It may also be implicated in trials in

which high levels of feeding in early gestation have been associated with an increased embryo

mortality. Such a situation may become apparent when low levels of lactation feed are causing a

positive weight change from weaning through early gestation, further accentuated by increased

levels of feeding.

Changes in oestrogen metabolism may influence pituitary function. Indeed, an association

between body composition and plasma gonadotrophin levels has been demonstrated (see

Kirkwood & Aherne, 1985). Low-level feeding for extended periods will depress ovulation rate

and it is suggested that flushing does not result in an increased number of ova shed, but merely

normalizes the ovulation rate. Pituitary LH stores have been shown to be lower in gilts previously

fed very low levels of energy. Also, it has been shown that long-term malnutrition of sows leads to

disruption of the anterior pituitary basophil cells and thus presumably a reduction in

gonadotrophin production and release (Wadman & Holness, 1973).

Much of the above is speculation, but since the existence of reproduction—nutrition interactions

has been firmly established, it is now time that the mechanisms involved were investigated.
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