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ABSTRACT

BOMA, M.H. & BILKEI, G. 2006. Seasonal infertility in Kenyan pig breeding units. Onderstepoort Jour-

nal of Veterinary Research, 73:229-232

Reproductive performance of 12 Kenyan pig breeding units (56—299 sows per unit) of similar feeding,
genetics and health status were evaluated from October 2003 to October 2004 during hot and cooler

periods.

Sows during cooler months of the year (April to October, average temperature between 08:00 and
17:00: 25.2 + 2.2 °C) had shorter (P < 0.01) weaning to service intervals (7.9 + 2.2 days vs 12.7 + 2.7
days, respectively), less (P < 0.01) regular returns to service (5.7 + 1.9 % vs 9.9 + 1.9 %, respec-
tively), higher (P <0.01) farrowing rates (80.1 + 4.4 % vs 70.8 + 3.8 %, respectively), and larger born
(10.0 + 1.1 vs 9.1 + 1.7, P< 0.05) and weaned litter sizes (9.2 + 1.2 vs 8.0 + 1.3, P <0.05) compared
with the time periods of high ambient temperature (November to March, between 08:00 and 17:00:

37.2+3.3°C).

It was concluded that a high ambient temperature is a risk factor for reproductive performance in pig

breeding units.
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INTRODUCTION

Seasonal infertility in domestic pigs has been recog-
nized for many years in a number of countries, includ-
ing Australia (Love 1981), USA (Hurtgen & Leman
1980; Britt, Szarek & Levis 1983), UK (Kornegay &
Thomas 19883; Peters & Pitt 2003) and Hungary (Bil-
kei 1995). The severity varied between countries but,
in general, the hotter countries experienced more
severe effects.

High ambient temperatures can potentially have mul-
tiple influences on the sow (Britt et al. 1983). The
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term “seasonal infertility” includes prolonged wean-
ing to oestrus intervals, increased number of abor-
tions and stillbirths, reduced farrowing rates, and
smaller born and weaned litter sizes (Bilkei 1995).
Conception losses are the highest when sows are
heat-stressed around the time of conception and
nidation, and are manifested as regular returns to
oestrus if all the embryos are killed, or to smaller
litter sizes if embryonic mortality is limited (Edwards,
Omtvedt, Turman & Stephens 1968; Bray, Sharpe
& Basset 1994). Elevated ambient temperature has
a similar detrimental effect on the boar, resulting in
a decrease of both the motility and quantity of sperm
and an increase in the proportion of abnormal sperm
cells (Wetteman, Wells & Johnson 1979), which neg-
atively influences fertility. Lower parity sows suffer
seasonal delay in post-weaning return to oestrus
than higher parity sows (Bilkei 1995).
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Some studies have demonstrated that elevated
temperatures significantly decrease ovulation rate
(Tegue, Roller & Grifo 1968; Bilkei 1995), while other
studies revealed no such effect (Tomkins, Heiden-
reich & Stob 1967; Edwards et al. 1968). Tomkins et
al. (1967), and Bilkei (1995) observed increased em-
bryonic mortality when sows were exposed to high
ambient temperature within 3 weeks post mating,
but found no effect of high temperature on the litter
during middle and late pregnancy.

Due to different evaluation periods, feeding, housing,
management, climatic and genetic differences, it is
notoriously difficult and even controversial to com-
pare published reproductive data on seasonally re-
lated reproductive problems from different authors
and continents in different seasons (Wrathall 1982;
Bilkei 1995).

This study compares the seasonal reproductive
performance of sows in the same geographic area,
with similar feeding, management, vaccination pro-
gramme and genetics, but with highly different ambi-
ent temperatures during different times of the year.

MATERIALS AND METHODS

In this study the seasonal infertility and reproductive
performance of sows in Kenya were compared.
Twelve pig breeding units (56—-299 sows per herd)
of similar feeding, genetics and health status was
evaluated from October 2003 to October 2004. The
sows in all units were F1 or F2 genetic lines of Land-
race x Large White, mated to Duroc or Landrace
boars. The units received medical and management
advice from the same veterinary consulting group.
The sows in every unit were vaccinated against par-
vovirus infection, erysipelas, leptospirosis, Clostridi-
um perfringens C, and Escherichia coli.

The sows were mated at their first postweaning oe-
strus, and were moved after positive pregnancy di-
agnosis into individual crates. On the 110" day of

pregnancy they were moved into farrowing crates in
which they have spend their whole lactation period
of 4 weeks (28.1+2.4 days).

The herds had similar pressure by pathogens in that
they were subclinically infected with Actinobacillus
pleuropneumoniae, toxin producing Pasteurella mul-
tocida and Mycoplasma hyopneumoniae. In these
herds enterotoxigenic Escherichia coli (ETEC, pre-
senting pilus types: F4, F5, F41, 987P, F18, respec-
tively) and verotoxigenic E. coli (VETEC) having
pilus F18, heat-labile toxin (LT) and/or heat-stable
toxins (STa, STb) were repeatedly found by “Fimbrex
kit” (Weybridge UK) or by PCR technique in weaned
pigs that died.

The sows were fed similarly (Table 1 [Edwards
1994)):

e During gestation the feed was restricted to 24—
28 megajoul (MJ) digestive energy (DE) per day,
depending on age and body condition.

e During lactation and from weaning to artificial in-
semination (Al) the feed was offered ad libitum.

e Higher than usual lysine concentrations during
lactation (1.2%) and during “flushing” from wean-
ing to Al (1.4 %) was part of the reproductive man-
agement of these units.

The sows were identified according to the year of
birth by placing identical plastic ear tags of different
colour into each ear in case one tag was lost. The
reproductive management (postweaning “flushing”,
double mating, ultrasonic pregnancy diagnosis, vac-
cinations, mange and worm control, heat monitor-
ing, rodent control) was identical in all units.

The sows were evaluated in two groups. The groups
were defined by the time of their first oestrus post
weaning being during a time period between April to
October (average temperature between 08:00 and
17:00 was 25.2 + 2.2°C for Group 1) and during
November to March (average temperature between
08:00 and 17:00 was 37.2 + 3.3°C for Group 2).

TABLE 1 Diet composition for breeding sows in different production periods. No antibiotics were added

Crude protein Lysine Phosphorus
Production period MJ DE per kg?

% % %
Gestation 12.2 12,5 0.65 0.4
Lactation 13 18 1.2 0.6
Wean—AlIP 14.2 18 1.4 0.6

@ MJ DE megajoul digestible energy

b Al artificial insemination
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Reproductive records were collected from individual
sow cards and regularly mailed to our office. Wean-
ing to service intervals, regular returns to service
(Days 18-25 and 37-44 post service), farrowing
rates, born litter sizes and weaned litter sizes were
evaluated.

Statistical analysis

Reproductive performance measures were described
using descriptive statistics including frequency dis-
tributions. General linear model (GLM, Statistical
Analytical System [SAS], 1988, Cary, North Carolina,
USA) procedures were used to measure litter sizes.
Variances of the means were compared by F-ratio
testing and proportional data were compared using
¥2. The month of weaning was included in the statis-
tical model to investigate the effect of season. The
statistical model included covariates for lactation
length, fixed effects of herd, group, herd by group
interaction, parity and genetic type. The herd was
included to account for the normal variation between
herds due to facilities, nutrition and management dif-
ferences. The group effect was fitted to account for
variation due to climate and weather. A herd-by-
group interaction was fitted to remove variation due
to the interaction of each specific herd with season
or weather. In addition, a parity effect was included
to account for variation due to differing maturity lev-
el of sows, and sow genetics effect (F1 or F2) was
fitted to remove variation due to the maternal het-
erosis. Differences in age at weaning were meas-
ured by the predicted difference statement (PDIFF)
(SAS 1988).

RESULTS

Sows in the group of the colder months of the year
had shorter (P<0.01) weaning to service intervals
(7.9+2.2 days vs 12.7 +2.7 days, respectively), less
(P<0.01) regular returns to service (5.7+1.9% vs
9.9+1.9%, respectively), higher (P<0.01) farrowing
rates (80.1+4.4% vs 70.8+ 3.8 %, respectively), and
larger born (10.0+1.1 vs 9.1+1.7, P<0.05) and
weaned litter sizes (9.2+1.2 vs 8.0+1.3, P<0.05)
compared with the period of high ambient tempera-
ture (Fig. 1).

DISCUSSION

The present results show significant differences in
seasonal infertility between hot and cooler ambient
temperature periods. Owing to the fact that produc-
tion determinants such as genetics, nutritional, cli-

matic, managerial, health, geographic area and
vaccination were nearly identical, and the main dif-
ference was the ambient temperature, it is consid-
ered that this must have been the major cause for
the different seasonal production levels in these
units.

The exposure of females to high ambient tempera-
tures (> 35 °C) within 3 weeks of mating is associated
with decreased conception rates (Bilkei 1995). It has
been stated that the inability of a sow to acclimatize
to temperature stress is manifested as a return to
oestrus if all the litter is lost, or as a too small litter
size if embryonic mortality is limited (Edwards et al.
1968; Bray et al. 1994). A decrease in farrowing rate
is one of the most consistent effects of seasonal in-
fertility reported in the literature (Hurtgen & Leman
1980; Love 1981; MLC 19983; Bray et al. 1994; Xue,
Dial, Marsh & Davies 1994; Bilkei 1995; MLC 1997;
Peters & Pitt 2003) and is often manifested by re-
turn to service. Consistent with the present study,
Peters & Pitt (2003) found that sows served during
hot times of the year showed a significantly higher
regular return rate than during the colder months of
the year.

Peters & Pitt (2003) examined 70000 breeding rec-
ords collected in East Anglia over a 6-year period in
order to determine if seasonal patterns existed. Con-
sistent with the results of the present study, they
found that there was a highly significant correlation
between the number of live piglets born per litter and
ambient temperature. In contrast to the present re-
sults, however, they found no significant seasonal
effects on weaning to oestrus intervals between
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FIG.1 The effects of season on the sows reproductive per-

formance in Kenyan pig breeding units
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sows whose piglets were weaned during hot weather
periods.

In the present study the seasonal decrease in litter
size is consistent with that reported in a number of
studies (Xue et al. 1994; Bilkei 1995; Karg & Bilkei
2002; Peters & Pitt 2003), but contrasts that of an
earlier report (Love 1981). The unfavourable work-
ing conditions during the hot weather periods might
have influenced the labourers’ morale, resulting in
less intensive care (Bilkei 1995).

In addition, genetic patterns might have influenced
the present results. The European wild pig (Sus scro-
fus) has strong seasonal reproductive patterns. Its
mating activity peaks in late autumn to early winter
with the birth of litters in spring and, although the lit-
ters are weaned in summer, mating ceases between
June and September in the northern hemisphere. It
seems likely that the modern domestic pig retains
such sensitivity to season (Bilkei 1995).

The mechanisms controlling seasonal breeding ac-
tivity for sheep are well described. Seasonality in
sheep is determined by the changing photoperiod,
with decreasing day length in early autumn being
the reason for onset of breeding activity. The effects
of the changing photoperiod on gonadotropin secre-
tion are mediated by changes in melatonin secre-
tion from the pineal gland. While there is evidence
that changes in gonadotropin production in pigs are
similar to this model (Britt et al. 1983), there are no
reliable data on melatonin production in pigs.

Both photoperiod and ambient temperature change
with the season and influence weaning-to-service
intervals through direct effects on the hypothalmo-
hypophyseal-ovarian axis (Britt et al. 1983). Korne-
gay & Thomas (1983) showed that sows maintained
in cooled buildings after weaning returned to oe-
strus more quickly than those housed in naturally
ventilated buildings. Preliminary studies with gona-
dotropins and GnRH suggest that hormonal treat-
ments may potentially be an effective solution for
preventing summer infertility (Bilkei 1995).

REFERENCES

BILKEI, G. 1995. Herd health strategy for improving the reproduc-
tive performance of pigs. Proceedings of the 8" “In-between”

232

Symposium of the International Society for Animal Hygiene.
Hungarian Veterinary Journal, 10:766—768.

BRAY, C.J., SHARPE, C.E. & BASSET, J.M. 1994. Detailed
analyses of individual sow records from outdoor pig units.
Seasonal variation in patterns of conception and in litter size.
Proceedings of the 45" Annual Meeting of the European
Association of Animal Production. Edinburgh Pig Commission
paper, 1/7.

BRITT, J.H., SZAREK, V.E. & LEVIS, D.G. 1983. Characterisation
of summer infertility of sows in large confinement units.
Theriogenology, 20:133—-140.

EDWARDS, S.A. 1994. Nutrition of modern sow genotypes. Pro-
ceedings of the Society of Feed Technologists, Market Bos-
worth, 10 November, 1994: 21-26.

EDWARDS, R.L.,, OMTVEDT, |.T., TURMAN, E.J. & STEPHENS,
D.F. 1968. Reproductive performance of gilts following heat
stress prior to breeding and in early gestation. Journal of
Animal Sciences, 27:1634-1637.

HURTGEN, J.P. & LEMAN, A.D. 1980. Seasonal influence on
the fertility of sows and gilts. Journal of American Veterinary
Medical Association, 177:631—635.

KARG, H. & BILKEI, G. 2002. Causes of sow mortality in
Hungarian indoor and outdoor pig production units. Berliner
und Mdnchner Tierérztliche Wochenschrift, 115:366—-368.

KORNEGAY, E.T. & THOMAS, H.R. 1983. Effects of air-condi-
tioned versus naturally ventilated housing during hot weather
on the reproductive efficiency of gilts and sows. Livestock
Production Sciences, 10:387-395.

LOVE, R.J. 1981. Seasonal infertility in pigs. The Veterinary
Record, 109:407-409.

MLC [Meat and Livestock Commission]. 1993. Pig Yearbook 1993.
UK: Milton Keynes

MLC [Meat and Livestock Commission]. 1997. Pig Yearbook 1997.
UK: Milton Keynes

PETERS, A.R. & PITT, R.L. 2003. Seasonal infertility in pigs in
the east of England. Pig Journal, 52:13-27.

SAS/STAT® USER'S GUIDE 1988. Version 6. Cary, North Caro-
lina: SAS Institute Inc.

TEGUE, H.S., ROLLER, W.R. & GRIFO, A.P. 1968. Influence of
high temperature and humidity on the reproductive perform-
ance of swine. Journal of Animal Sciences, 27:408-411.

TOMKINS, E.C., HEIDENREICH, C.J. & STOB, M. 1967. Effect
of post-breeding thermal stress on embryonic mortality in
swine. Journal of Animal Sciences, 26:377-380.

WETTEMAN, R.P., WELLS, M. & JOHNSON, R.K. 1979. Re-
productive characteristics of boars during and after exposure
to increased ambient temperature. Journal of Animal Sci-
ences, 49:1501-1505.

WRATHALL, A.E. 1982. Reproductive problems in outdoor pigs.
Proceedings of the International Pig Veterinary Society, Mexi-
co: 205.

XUE, J.L., DIAL, G.D., MARSH, W.E. & DAVIES, P. 1994. Multi-
ple manifestations of season on reproductive performance of
commercial swine. Journal of American Veterinary Medical
Association. 204:1486-1489.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 10.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 10.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 10.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENS ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [878.740 1133.858]
>> setpagedevice


