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ABSTRACT

Management of replacement gilts is important for improving sows reproductive efficiency
in breeding herd. In general, 40% of sows in a swine commercial herd are replaced by gilts
annually. Proportion of gilts is largest among female pigs in swine herd. Reproductive
performance of gilts is, therefore, largely influence the overall herd productivity. Reproductive
management that is important for replacement gilts including acclimatization, oestrus stimulation
and detection, flushing, body weight measurement and evaluation of the body compositions
before first mating. Effective planning for replacement gilts results in mating at optimal time,
reduces non-productive days and minimizes economic losses. In Thailand, the hot and humid
climate negatively influences the reproductive efficacy of gilts, e.g. delayed age at puberty,
increase abnormal oestrus behavior and increase the culling of gilts due to reproductive failure.
However, these factors differ among herds and also depending on herd managements.
Effective data collection and interpretation help to improve the efficacy for identifying problems
of replacement gilts. Currently, there are commercial computer software for herd recordings
system. Several programs are produced by both Thai private company and imported from other
countries. In most cases, these programs focus only on herd productivity. The part on
reproductive efficiency of gilts and sows in relation to replacement management and longevity
are limited. In order to improve the efficacy of reproductive management in breeding herds,
computer program that can be used as a database and also the formulation of basic calculation
is needed to be developed. The present research project is aiming at develop computer
software program to use as a data base for reproductive data and use to evaluate reproductive
performance of gilts and sows further in swine commercial herds in Thailand.

After the data were collected from all selected herds, the reproductive performance data
were utilized to evaluate the influence of environmental factors, e.g., season, on the litter size
at birth in gilts compared to sows parities 2, 3-5 and =>6 in conventional, open-housing system
for swine commercial herds in Thailand. Data were obtained from four swine commercial herds
in the northeastern part of Thailand including sows farrowed during a 3-year period from July
2005 to June 2008. The analyzed data included observations on 25,835 litters from 8,100 sows.
Total number of piglets born per litter (TB), number of piglets born alive per litter (BA),
proportion of stillborn piglets per litter (SB) and proportion of mummified fetuses per litter (MF)
were analyzed using a general linear mixed model procedure. The influence of temperature,
relative humidity and temperature-humidity index (THI) on TB, BA, MM and SB were also

analyzed. The meteorological data were merged with the reproductive data and the means of



temperature, relative humidity and THI during 115 days before farrowing were calculated and
included in the statistical models. The results revealed that sows farrowed in the hot season
had a larger TB and BA than sows farrowed in the rainy (P<0.001) and cool seasons
(P<0.001). The difference of TB and BA among seasons was more pronounced in the gilt's
litters than the sow’s litters. The gilts farrowed in the rainy season had 0.7 TB less than gilts
farrowed in the hot season (P<0.001). By contrast, sows of parities 2, 3-5 and =6 farrowed in
the rainy season had 0.4 (P=0.01), 0.3 (P=0.003) and 0.3 (P=0.02) TB less than those farrowed
in the hot season. In the 1" parity sow, MM increased from 2.2% to 4.2% when the mean
temperature during gestation increased from 26 to 29 °C (P<0.001). On average, a reduction of
0.8 TB and 0.7 BA were found when the humidity during gestation increased from 50% to 80%
(P<0.001). The influence of THI on TB, BA and SB differed among herds. When THI increased
from 71-72 to =81, a decrease of 0.4 TB were observed in herd A (P<0.001) and a decrease
of 0.9 TB were observed in herd B (P<0.001), but not in herds C and D (P>0.05). In
conclusion, inferior litter size at birth was observed in sows farrowed in either rainy or cool
seasons. High temperature, high relative humidity and/or high THI during gestation significantly
reduced the number of total piglets born per litters. The influence of season, temperature,
relative humidity and/or THI on litter size at birth was more evident in the gilts than the sows.
These data indicated that various policies to reduce temperature in the open-housing system
for pregnant gilts and sows in Thailand are not sufficient and the proper housing of pregnant

gilts should be emphasized.

Keywords: Pig, Reproduction, Production, Management, Computer software
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(List of Abbreviations)

L = Landrace (§NIWWELALTD)

Y = Yorkshire (§nyWugnainigus)

D = Duroc (9386)

DK = Denmark (§n3Wglauunin)

IL = Ifland (gn3Wuglasuaud)

AFM = Age at First Mating (mqﬁqmﬂaa@ﬂ%mﬂ)

BW = Body Weight (W5inaa)

BF = Backfat thickness (AN MINBEURRI)

NPD = Non-productive days (’J”ugtyl,ﬁtl)

WSI = Weaning-to-fist-service interval (3:Uz1w'ﬂuwﬁwml)

FR = Farrowing rate (8a313Na800)

PRRS = Porcine Reproductive and Respiratory Syndrome (ISﬂﬁﬂ’]%’]ﬁElﬁ)

PPV = Porcine Parvo Virus (lsawilahasalugne)

SF = Swine fever (lsna#ndgna)

FMD = Foot and mouth disease (lsntnuaziriian)
MH = Mycoplasma hyopneumomiae

AD = Aujezky’s Disease (lipwugiatfiua)

GR = Growth Rate (8ammsta3aLiula)

LH = Lutenizing hormone (aaﬁwu'@ﬁvlwﬁaﬁ)

FSH = Follicle stimulating hormone (aaﬁuuﬂaaalﬁaaawaméﬂ)
eCG = Equine chorionic gonadotropin

hCG = Human chorionic gonadotropin

PMSG = Pregnant mare serum gonadotropin

PGF,.oc = Prostaglandin F ;. apna

MMA = Metritis Mastitis Agalactia

CH,= Meafiinis

EVAP = Evaporative cooling system

BCS = body condition score (mmﬁugsz‘ﬁmadiwmﬂ)
BTS = Beltsville Thawing solution

An. = Alansu

VY. = UARLNAT
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W, = LTUALNAT

mcg = Wlasnsu
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1993) mulmy'LL&iﬁgﬂiw”quLﬁﬁmm@maﬂLﬁﬂﬂ'jwqﬂsﬁufwau (Gaugler et al., 1984) 8031N176N
T danmiteavasideu uazdianasvaswagn swnnwau ldlasnisnaiianniawugnasu
(Bennett and Leymaster, 1990; Perez-Enciso et al., 1996; Imboonta et al., 2007) a9 banaen
o o . e 1 v H 2 .

AIWKINTIN (heritability) Vad1u1anTanaaul1Na1 (h = 0.1, Rothschild, 1996; Rydhmer,
2000) uwsaslfiAwImannmaiusmanlanlasnsaaiianmanugnIwanaiidediia
. v & ¥ o a v =2 A ] @
(Bidanel et al., 1994) G3%KLIIBNNFILIATENTITANUEIRAYADVINANTONUINAIINUTNTTY
Uastnadtlaud §reuasan ABnsnaunus  nalianIkan szpmAnegn mIlienns
AMNINTBIAMIT  Ba3INIAaNY  l3anessuuRUWUE (W Porcine Parvovirus  Waz
Leptospirosis) LLazﬁﬁﬂﬂ”@ﬁaﬁﬂfwamﬂWaqﬂi (Clark and Leman, 1986; Dewey et al., 1992;
Tummaruk et al., 2000b) wanANHEINLINNITRENINATINNUITHINNUBRE B dNaNTZND
GaIWINATANNINNIINANLATLLAL
o ¢
WOENT
99
A o ¢ \ o &a . o o . @
FUIINMWNIIRURUTVRIgNIUdzWBEdANNuandnL  Tasvidldgnisunsnuild
1 o v ] 1 % (A v a 1 . ] £ {4:1 v A ] . .
Ju 2 nqunng laun nguwusiildnfaanous (dam line) usznguwuinliniasuwa (sire line)
gnanguilinfamouddiulngazlimusinmwnsfiviusdeutdnigs  ussliansnizzaamnda
(production traits) 13 8asmaaiyidula  uazgunwINAwasuAdT luunziingunldude
sowaddanmuaiyidvlauazaunmwannagluszdunaann  udfaussnamunanIfuwug
UNBE 1T% vwaasandesninasusl (Legault, 1985; Bidanel et al, 1996) N13FAN®N
WisuifsuausnnwnensiuRuivesgnInuiud wudwiug Lo uaz Y leswdoazlawe
asanlnynitWug g3aa (Duroc, D) (Gaugler et al., 1984) uaz waNidus (Hampshire, H) (Yen et
al., 1987; Baas et al., 1992) IW1AATANVIFNITNUS L uaz Y Juwafilndidoanu lun1sdnm
A . ~ ! o ¢ = a P . A o <
Waldwwiniwudgnaiug L Sawaatenusnifialngnd v adwiidbday niludsinelng
warlulszin@aiian (Tantasuparuk et al., 2000; Tummaruk et al., 2000b) #anINHIINLI
~ ] [ a o 6 1 o 6 a
namadnadadarmnandalugnaviug Y sanndwiug L ludszinasiian (Tummaruk et al.,
2000b) usaslAidnignIndazapnuiwinIziavuindaussnmwnsiuRusindidsniu a1ad
ananumuniamadivandiuinedenldlivinu mstanisluguazdadvdneg Aduade
FITINGIVOILAIGNT LTU NMINUINT SATIMNIHINAIYBINNT UazmMIgayiFininlug I8
gﬂmﬁ]ﬁﬁfm‘i'swlumiﬁﬂﬁlﬁ@mmu@m@hwaoamsnmwmamsﬁuw"’ufmaaqnsw”ufuﬁl,wiaz
WUT AR8AIUAMULANG1IUAIUANNNUNIUGIRILIATANITUANAGIL (Love et al., 1995)
v L o v I&/
kst liuwaasanvasgnilngdu (Johnansson, 1981; Tummaruk et al.,

2001) Namaommawﬁ’mw"‘ufﬁ@mﬂSwﬁwamaa Heterosis Johanson (1981) wuinuwiaasanli



qﬂsw”ufwamgdﬂiﬁﬁuq‘uﬁﬂi:mm 0.6-0.7 @1daATan Tummaruk WazADA (2001) WUINDIuAT
wizduiuuidisiuudgniiiannwadsiusiuaziizmantenlnaniiaseniuturiszanm
0.3 edadantan (TN 1) wakifieangnanivuinauiianuaaninlunisetsaa (prenatal

survival) gdﬂ’iﬂ@ﬂwwufuﬁ (Ral et al., 1977; Johansson, 1981; Rothschild and Bidanal, 1998)

P @ o &, o & & & A & A
N3N 1 Namadmmammwuﬁq@lamuwmaﬂuqmwuguamLiéﬁ (L) ez gantoay (Y) (nan:
Tummaruk et al., 2001)

w”u'nfmadgﬂlumaﬂ (L4 X Wa) PNwngngnIuInaseaifindantan
LxL 11.0 ™
LxY 113"
Y xL 11.1°°
YxY 10.8 °

o o

b 1 4 { > Qs & -5 Qs € > 1 1 Qs
* duadunialanwiailamnitaniaunuaeluaasudidainuliuandrany (P>0.05)

a1auAIan (Parity number)

fauasaniinadaausnnwmIRUNUSluLaigns I@Uﬂ”ﬁvlﬂqmﬁaunﬂﬁ]zﬁmm@maﬂ
LANNIENIUNS LLa:mm@maﬂazqoq@‘luqm&hﬁumaﬂﬁ 3.6 WAIIINTHALAAL G anad (Dewey
et al., 1995; Tummaruk et al., 2000) (gﬂﬁ' 2) qmﬁaaLLsﬂLﬂuqﬂiﬁﬁauﬁw"miamimﬁ'wuﬂao
28IRILIARDY (Clark et al., 1986; Tummaruk et al., 2000b) LLafzﬂ'\‘lﬁummﬂwﬁNL?ngﬂ"l,ﬁﬁau
NINENTWI (Koketsu et al., 1996; Neil et al., 1996) wonanitgidaslinasausunitaiants
Wwsndvlavassenadnes ﬁﬂﬁlﬁﬂd@iamsgmLﬁﬂau@;aﬁmaammm%u m‘sgngl,ﬁmam;aﬁﬁ
azlinadanadudanameiunuazaanniianiy (Baidoo et al., 1992) msliamslutIunmgs
Aauwad (flushing) ﬁwa@iammﬁumi@m"l,ﬂuqmma qmﬁaaLLiﬂLLa:ﬁaaaaamwfu ue bl Lo
lugnsdrduasanuinni 2 dwll (Dial et al, 1992) msiRvduveITMIAATENITadAUATEN
gafummsna%mﬂvlﬁmﬂmil,ﬁu%maoé’@mmi@m%LLa:ﬂJm@wﬂﬁﬂmué’wﬁumanﬁgﬁu
(Gama and Johnson, 1993) uanmniﬁm‘"wmaﬂLamﬂ”w,wimq@mﬁ'u qmﬁmqmnﬂiﬁﬁmm@
maﬂiﬂmaﬁ'mg\miwqﬂsﬁmqﬁam I@ﬂwu‘luqﬂ‘sﬁaulﬁmﬁhfu (Culbertson et al., 1997) Gn8LHe
ﬁﬁ’]@”ﬂﬂsaﬂﬁwa@iamm@maﬂgamﬂ @hLaﬁﬂmawm@msaﬂlugllﬁa"fuﬁ'mﬁ@”umaﬂhmaﬁsﬂu
roiduwaeennn msa.l%'wm@maﬂw%Qﬁamsﬁwﬁoé’mdamaaqmé’m‘"wman@m6] luels (parity

distribution) A78LEUD

a %) 4
a%‘wauwuq (Mating procedure)
‘Luglldqmﬁﬁﬁammaummmﬁ LRSNNINFULNEYN TUWIAATENTINAINNNSHANTIINTIA

vasasadamalngnimnsuiiisy (Dewey et al., 1995; Tummaruk et al., 2000c) 8&14 1376 L1



miw@aaaﬁﬁmimuqmﬁLu.li@m6] WU awaasen MilanuuandsnuzrinemInas
FITNTAUALNNINFULTAN (Flowers and Alhusen, 1992) ImMIANMINLITHANIENUVEINITHNEY
\{Woudarmansaniuduiumssans leud msasremsiduga madenaeaniuduin uae
WINATIVBINMINFNAINTLINGA (Xue et al., 1998; Steverink et al., 1999 Almeida et al.,
2000a) ﬂ?}ﬁ;u”umwamﬁﬂuﬁmﬂ"ﬁﬁuaﬂ'ﬁaﬂ%amnmﬂﬂdﬁmiwauﬁsiumﬁ Fanwnn Uz
ﬂi‘;ﬁ?ﬂ%ﬂ’]Wﬂ’]iNﬁ&lﬂ’]Ellﬁﬂ’]ﬁﬁ]v@ﬂ’]ﬂ%u@iaz&!&ﬁﬂ’l’]&J‘-ﬁ’]Lﬂuﬁadﬁ’]lﬁa‘;lﬁﬂ@]Lﬁﬂlﬁ%%’]ﬂﬂ‘iﬂﬂ

nmsnaufisnlddasninmngusssumd  ludsanaadian Tummaruk  UazAtee  (2000c)
wuhdszAninwmansuifionlugnawiug v dasndigniwug L nafarafalarisannissanis
sl,quJm%aLﬁmnm,l,sjqﬂnaa%aﬁaoﬁﬂmLﬁwL@&J@ia”lﬂLﬁ@ﬂ%’ﬂﬂ‘gamsmawLﬁﬂulﬁﬁﬂs:f?m%mw

RIRA MURNINNRILWUT
a9 q q q

v

SzezIRgdan (Lactation length)
u
A ~ o a g A A

wythaduusswysvesgniludaatuiizoznavesmadosgninddszinm 3 Gau
(Mauget, 1982) ﬂa@ﬂm:ﬂuﬁmgﬂluaqqmuuuqmm%ﬂﬁﬂ@yﬂ”’s"lﬂslﬁnmﬂs:mm 3-4
sUanst (Meredith, 1995; Tantasuparuk et al., 2000; Hoshino and Koketsu, 2009) \WavzaziRgs
ANAUAITOUNIHAG (farrowing interval) fazauaITIUATIIWIUBEIgNANININGS [ddausidaidn

A X . ' v Y <& ' % ]

azWNTY (Dial et al., 1992) atelandmszoziissgnaundt 2 dland aziinaFodaausinnn

A o ¢ . ' =< & @ A o, 4
NHMITURUEANNN L% Tz0en U DINEN MBI ULZOATINIFLRDA80UgIU (Mabry et
al., 1996; Marsteller et al., 1997) Tummaruk Lazatue (2000c) WUiﬂLﬁm:mLﬁmﬁﬂa@m 1
dilan awaasanluseunisndadaliazanselasiads 0.2 dyaten szaziaInIdngveINagn

4 v = ~ Q Qs ] =) &/ ] Qs =
\Wawsawiumsrlisnvasdndanaziinduatiauysainasanasaalszanm 3 dew (Pamer et
4 ¥ &’ o a A a a 1 { J .

al, 1965) Liaszuzldsagnulin IwiuvesnasiiAnindeciidasungsdu (Kunavongkrit et
al, 1982) sxauveigfiluGedzaslau (utenizing hormone, LH) lugasvipuasszuzifnsgnuaz
PAIRENWUTIDNUNBITDINUHATDITZILIRIGNFRIUIAATAN (Rojanasthien, 1988;
Rojanasthien and Einarsson, 1988) gnififdszuzidssgnunuanadinamwunilunslivaugad
vasiwmuialiwiannumnauwutlusevdald  adelndsuiiwesgns  anzvesnamn
HANaIny  dTnmuazguninanmngns lasulusiafssgninisizianiasandsznaunu
(Hulten et al., 1993; Neil et al., 1996) Tummaruk L8zATAE (2000c) WUINTNTZLZIREIRNEUAS

. = X . o & A A ) Ao a = A o
sazniuuianaNazinuuinnnd lugnswig L lafisuny Y wananiidsiimadinmans e
uwradlwiAuimewul dSnmemsngnifulduazdauasen saunsadnadiununuszsnie
andasursnnwmIFuNUslusauda ldduituniu (Xue et al., 1997; Koketsu and Dial, 1997;
Hoshino and Koketsu, 2009)



AWNTNTDIFNIF1INALN® (Quality of replacement gilts)

m”auﬂm.ia%qmmwmaaqman dsznaudis aammaasyidula (growth rate, GR) A
W LN BRUARS (backfat thickness, BF) muwmaﬂ‘ﬁqﬂﬂﬁ@ Uaz é’ﬁ@”ﬂﬂiﬂﬂﬁﬁgﬂﬂﬁ@ fiowflay
g oSy Wug n’mﬁtyLaﬂmmaoqﬂss‘ﬁms:naﬂﬂﬁ’sUmia:mﬂﬂiﬁu Tl waewasow d
AMULANAINULUENTUAZEENUT (Henken et al., 1991) é’mwmﬂﬁryLauimaaqmﬁuﬁ'mﬁ
AUaIMNT UAZEATINITNINANTYANAIIVBIAINTLEY (Schinckel, 1999) laldiunaniznuan
UasmsRourndaunaslszms 1ou nilanme AMURIULARBINIAEY uazanwmelsoGen
(Black et al., 1999; Tummaruk et al., 2007, 2009b) Tummaruk wazatke (2001b) Wuiﬁﬁgﬂim?‘ﬁl
ﬁé'mﬁmil,ﬁryLﬁ‘]ﬂ@]gaﬁ]:ﬁmm@maﬂ’l,mgmhqnmnﬁﬁé’mwmmﬁryLaiﬂm‘ﬁ WAZHINLI
Qﬂiﬁli(ﬂL%’JLfﬁijfﬂL’ﬁtywyufl,%’m’i’]LLazgﬂNﬁ&lL%’m’j'}qﬂiﬁI@]%’]5ﬂﬁ3£l (Eliasson et al., 1991;
Rydhmer et al., 1994; Tummaruk et al., 2000a, 2009b) LW{JNaLﬁﬁ]dﬁ]’]ﬂﬁjﬂﬁﬁi@lL%’Ja’]ﬁ]l,ﬁuqr’]‘iﬁlﬁ
FUANANI LLa:ﬁaminmwmﬂ%mimmil,ﬁanmﬁﬁrgmaaszuuﬁuw”uﬂﬁﬁﬂiwqmﬁim%ﬂ
uaﬂmnﬁqmﬁlhL%’Jawﬁumﬁ’ﬁvlﬁmﬂﬂ’jﬂumaﬁﬁ’]ﬁ'w:Lﬁﬂ@j’i’ﬂnﬁmvw”uf BInaaIMInin
mmﬂum\aﬁwmwﬁwa@iaammmwmsﬁuw”uﬂuqmmanLLsﬂ % PUIAATAN (Almeida et al.,
2000b; Stalder et al., 2000) mﬂmsﬁﬂHﬂu@ﬁumiﬂ%’uﬂqdﬁufwuﬁEgmmaﬁgﬂﬂ”@Lﬁaﬂlﬁﬁu
mmﬂﬁmﬂﬁ]:ﬁmﬁwuwaa"lmu”ué’wé’ogoLﬁaﬂaa@LLa:ﬁummi"L@TsnﬂsLuﬁNL?iymgﬂﬁaﬂ
\TULALINY (Kerr and Cameron, 1996) LﬁaaﬁnﬂmqLﬂmfﬁ]ﬁ?'ﬂ%é’ﬂﬁé’]ﬂ”@ﬁqﬂlumuiﬂgh“’zlLﬁ]‘%ty

o 6

A & R A [ ] Al o A | @ a
Wufﬂ:ﬂa\‘iqﬂi (Hughes, 1982) a;ﬂ?ﬂ([@lLi?%ﬂwuq%uﬂgﬂﬂqqqﬂiﬂ‘[@ﬁqLllaa']ﬂqL'ﬂ']ﬂu qﬂiﬂ%uﬂ

= ~ A o gda Aa v o ] . o v o
ﬂ’J’]ﬁ]\‘mwwauiinﬂﬂwwm‘mﬁa‘].lwuh;ﬂ@ﬂ?’]ﬁjﬂi"nNuﬁ‘ﬂuﬂuaﬂﬂ’n King (1989) WUINUHIAUNAN

=3

\iaany 165 1% annnanunw luduFunas Afuadosasmyan'ly

NANTIIFLWU I qﬂsm'sﬁ'ﬁmwwm"lmw”ué’wé‘ngLiﬂg&fﬂta%mvw"'ufﬁaﬂh uazd
ammmwmiﬁuw”ufﬁﬂiﬂqmma‘ﬁ'ﬁ%u”ué’u%é’ama (Tummaruk et al., 2000a, 2001b, 2007,
2009) LﬂuﬁmmﬁuagjLL&T’;’J’Wqﬂsanai’nﬂm:ﬁaoﬁﬂ?mmvlm&Tua:aulm’wmUi:@”ﬂ%ﬁqﬁauﬁ
a:mmmLéuqaasmaaizuuﬁuw"’uﬂﬁ (Kirkwood and Aherene, 1985) AMNWWIVDINURHART
sansolfidussfivesUsinalusiuisssuluione ldssaunii WATWUINAANURUWUEAL
aminmwmdmiﬁuw‘yuﬁ:lmuiqﬂiéﬁ8 (Eliasson et al.,, 1991; Ten Napel and Johnson, 1997)
LLa@alﬁLﬁmwmiﬂ”@Lé‘aﬂqnm’;ﬁﬁmsﬁwﬁaﬁmmsnmwiumsw%mL@ﬁﬂ,m LB% GR Uaz BF 62¢
LTWN

Tummaruk UaZATE  (2001b) wuiwm@maﬂﬁqﬂsmaLﬁ@ﬁwa@iaaminmwmomi
FUWUT qmﬁmmnmaﬂLﬁﬂaﬂ@L%’smhLLazgﬂm«m%’sniwqﬂsﬁmmﬂmaﬂmmﬂlﬁm
Johansson (1981) wm’wqﬂsmaﬁmmﬂmaﬂﬁﬁmm@flmy'ﬁ]:ﬁmm@Lﬁnni’nﬁamqu 3 slandt
wazunniudaimings 90 Alansu LﬁUuﬁ'uqnimaﬁmmnmaﬂﬁﬁmm@Lﬁﬂ SNWUDIFNIAN
LfiaLLinLﬁmhwﬁavlﬁ%'uNam:ﬂm}’mammfiaayflumgﬂ Nelson and Robison (1976) wui1
qﬂsmaﬁgmgmlumm@maﬂ 6 duavan uaz 14 @v/aten lutwgeunddanniianliuazd
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muﬁ@maﬂLmﬂ@mﬁ'mﬁaimﬂmujw”uﬁ I@U&;msﬁgmﬁ?mlumm@maﬂ 6 e/ATan @nlNINATn
I3 wanaigauunnin LLazﬁim’mgﬂqﬂsmﬂﬂaa@ﬁ‘i‘i‘i@]gqmhqﬂsm’;ﬁgmﬁ”ﬂalumaﬂmm@ 14
RIGREN ﬁ’]ﬁﬁhmuéﬁaiaulumgmi’]mumﬂ ﬁuﬁmaamgﬂ@ia@ﬁﬁ%a@ad lnns
wigdulavaserdeugndna (Knight et al, 1997; Dziuk, 1985; Christenson et al., 1987)
WAIKINIVBIGI8aURAIIN 30 °naamm‘%ﬁaaﬁuﬁuﬂizﬁwﬁmwmaamgn%oﬂiznauﬁw
ﬁyuﬁlumgﬂ f30IMNT MSUANIAUNNA UAZRWAYaITN (Knight et al., 1997; Christenson
et al., 1987; Pere et al., 1997) maﬂﬁ'ﬁgnLLsﬂﬂaa@ﬁawumﬁﬂuauMWﬂa:ﬁﬁiﬂuaugnmmLSﬂﬂaa@
&9 (Leenhouhers et al., 1999) uanawnﬁmmwmanﬁlmy’a:mé’mﬁﬂﬁiawaoqnﬂuma@@uu
uwazaanaasyidvlalutisgaunedan (Hogberg and Rydhmer, 2000) at19lsfid damnisan’i
80MITanTaIidan uazdszAninnesuagnaINnIntIenaan1 NNl (Bennett and
Leymaster, 1989; Rothschild, 1996; Johnson et al., 1999) gnsamftiaanusinfiumansenlwg
Ss0aldsumstnaneafiugninsddsamianty nsTenaIRIBemw LASRUTINNINYDINAQN
VANUNVDINBAILLTWN T Lﬁuma‘lﬁqmm’;ﬁmmﬂmaﬂmm@lmty' inazdignanningniam
‘ﬁlmmﬂmaﬂmmmﬁﬂ (Tummaruk et al., 2001b)

é’m"'umaﬂﬁqmmuﬁ@ ldwyiduadevuansen uAdnadasuIInMWNIRUNUTA Y
1) VOIGNT LT mql,fiawauw”uﬂﬁﬂ%mﬂ DATMINANAR  LAZITHZRETUNDINTN
(Tummaruk et al., 2001b) athilandudgniviasusninazddnnisansvasgnansnauntuugs

NIUNgNIW (Fahmy and Bernard, 1971)

129881 9 NANAADYWINAIANUINLIAA

iy A

uaﬂmﬂﬂ%é"ﬂﬁﬂdnm’ﬂ”néfuuﬁaﬂ?ﬁﬁﬂﬁ]ﬁ'ﬂauG] é'ﬂﬁwmwﬁwa@iamuwman‘lmu@m
W STOSRENUNDINRN (WSI) I@ﬂLszqﬂiﬁﬁiwwﬂmwﬁwam 0-5 7% Jauraasanluseunalyl
lﬂfy:ﬂ’hLL&iE}ﬂiﬁ.ﬁ‘SZUZ%ﬂ’m&JﬁGNﬁ&l 6-10 2% (Tummaruk et al., 2000c, Tantasuparuk et al.,
2000) (gﬂﬁ' 3) uanmnftﬁoﬁﬁw%wamamgmamﬁmﬁmﬁaaﬁaszumoﬂ% Tasanzludszing
LUATDW (Tantasuparuk et al., 2000; Tummaruk et al., 2004; Suriyasomboon et al., 2006) L6
wuiﬁqgmavlzu'ﬁwa@iamuwmaﬂlumamsﬁﬂm (Tummaruk et al., 2000b, Keketsu et al., 1999)
ANE U9l TauLAzT IR M IANLINTNAdeMIAATaNIIUAY (Clark and Leman, 1986;
Einarsson and Rojkittikun, 1993) Tiﬂmaszuuﬁuw"’ufmﬂsﬂﬁwa@iamuwmamm:é’mmmmau

a '

6@ LDW Porcine parvovirus LR Leptospirosis (Suwanchareon and Kunavongkrit, 2000) 138

o o A

fanandsznmifennuauysniiiizasegnIuazmnIniLTe Havannasanan lins?

)}

a

amwamawiaqm%ﬁuLﬁwwwﬁﬁwfwa@iammﬂmaﬂ‘lmujqﬂs ﬁmiﬁﬂmwm%mqﬂwﬁmaimu

ﬂgﬂwawﬁﬂmamaﬂm (repeat breeding) ﬁ'ﬂﬁmm@maﬂlmgniﬁLL&iﬁgmﬁwaua@lmamLiﬂ

D.

wadntuulasiadolszunm 0.5 @v/Asan (Tummaruk et al., 2001c) NkangaInaNwl

qﬂsmmﬁﬁi:ﬂ:L'saflmuﬂ’jﬂuﬂﬁﬁﬂﬁiwmmm:wmuaﬁ%mé’uma;jluamwﬁauyitﬁﬂfh
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. A o . ' = = \ & . Aa
LquﬂiﬂgﬂNﬁuluiauLLiﬂ‘Via\‘m HEEYY aﬂ’]ﬂvliﬂ@a'lu%u\‘]"ﬂ a\‘]LLﬂJqﬂjL%aquLﬂuLLNqﬂiﬂﬂJﬂly'ﬂq
wazlimmsnnandald  wermwwandudumaiviwiwingyidslvaaimmia (non

productive day)

12.5 60
E=)%N —e—=NTB —=—NBA ‘
s 12 50
L
(7p]
+
4 _ H _
S 115 L 40 L
£ / e
a 2
= 1 ] I 30 8
8 \T s
= I
© 105 20
=)
o
10 10
0-3 4 5 6 7 8 9 10 11-12 13-20
WSI (day)

gﬂﬁ 3 NATBITIHTRENUNDINRY (WSI) daamaasanluasenaatl %N = ﬁ‘hmumaﬁagmﬂu

6 & 6 o aqj o Aada [ [ 6 1 v
wWadthue; NTB =i winanuinaaaaninag; NBA = S1uugndTiausnasea Suanwabdin
luudazgausastinnudipddgymeaididanIouifsunuiui 5 189 WSI (Tummaruk et al.,
2000b)

LULRETBNDINEN (Weaning-to-first-service interval)
mmamgitﬁw”ufmam&iqnwé’ammm‘fuaQﬂ”ﬂﬂ%ﬂ”ﬂ%my6] U3eny 1Bu aeWus e
MInsaa waznana (ueu (Dial et al., 1992; Tummaruk et al., 2000a) mMsamInnLIdua
doFUTINMNNITUURFURRTVaIMIgNIRaInE UL e 3wmaﬂumﬂ§m§ﬂ THa LAY
fj%mswamw”uf (Tummaruk et al., 2000b) Sztl‘:@lgdLL@i%ﬂﬂ%&l%%ﬁdNﬁulmL&iqﬂ‘i (weaning-to-first-
service interval, WSI) flanudanyaaannlunistsuaniseusnnwnmeszuufunuiasus
N3 uazdsdnadaiiiasdsrmansanuazsanmingadalunsondaludis (Tummaruk et al.,
2000b) F28ERENUWITINEN ®38 WSI fAa aiwmm“’uﬁfmgau,@imwzimmuﬁowauw”uﬂﬁﬂ%mﬂ
wasanmMInenuy  lagduindnuatuiduing 0 szweniruniionsudundiunitiuasiui il
NANA® (non productive days) luaaﬁ]iﬂﬁiwﬁmqﬂi (Dial et al., 1992) LLajqnsdaulmfij°ﬂLLa@a
mn’mﬂué’m%uiﬂuazgﬂNmmé'w*mmhuwﬂszmm 4-7 3 Topddasuiianinadarzosnen
WUTIHFNARANBDENS LT LL&iqﬂsﬁﬂaa@ﬂ%mﬂ (primiparous sow) A=&3E8ERENBNTINTUWI

NIAIgNINARBANMAIEATILEY (multiparous sow) (Vesseur et al., 1994, Tummaruk et al.,
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2000a) szuzneuNinauLandnulugnIudazug lao gnavusuaudiaizozninuaiongs
pnhgnInutainidos LL&:@;{ﬂSW”%fN&&Jﬁﬂ%ﬁi:U:mﬂwuwﬁawam&uﬂthﬂsﬁu@ﬁ
(Tantasuparuk et al., 2000; Tummaruk et al., 2000a) szmlﬁu&lgﬂ (lactation length) ghénnn
22 7% iNA0E1INNAaTEHZREN WD INTY §G§$U$L?a1ﬂﬁiL§ﬂd§ﬂ§uad 2R UNDINTNDY
Wi (Xue et al., 1997, Tummaruk et al., 2000a) wananiigsfUassaufinuninade oz
RENUUAINFNLTUY Uastimandt laud nana UiumaIns ANUULANGAITERININTY Aaw
wUsUsuluudazd uavansmzlsaSon (Clark et al., 1986; Vesseur et al., 1994; Neil et al.,1996,

Tummaruk et al., 2000a)

HAYBITELTRETWATINANADFNTTANTNNIINMTRUNGKS lbusigns
imylleneinndayanimia wudihudgnadudansdimiiuy uazgnaut Hande
WIDFNTINMNNIZLURFURUS IWsauN1IHAaa 1azanss lag Leman (1992) wudmaqu‘ﬁ
ngauaznaalalusid 3-5 namenua ﬁammmwmﬁ:uuﬁuw"’uﬂmaumw§m°'@vl,ﬂﬁﬁq@
Lfial,ﬁsuﬁ'uLL&iqmﬁwaw"L@T%’mhf: Wilson and Dewey (1993) wm’wLL&iqﬂsﬁLﬁuﬁmLa:gﬂwaw
2-4 % ARINLINY ﬁm‘m@maﬂiumanﬁavlﬂimy'ﬂiﬁLLajqﬂiﬁLﬂuﬁmLa:Qﬂmau 7-10 % #A9
RENUU TIBUNT 2 SEAARDINY Vesseur UuatAmiz (1994) Aiwudn idaszozneuufionay
Ao tANINaN 4 Swande 12 S aweasenlunsandallezdon g anssaudan uananit
Tummaruk UazAMz (2000b) ladnmdayaluuigninusuaudiss uasWitoasnifed wudn udl
qmdmlmy'ﬁ]:gﬂwaulm”uﬁ 5 Wadnenwa (Uszanmh 50%) uas ﬁ%’@ﬁhumaaqumﬁgﬂwau
melus 6 uaz 7 3% Aadu 62% 81% uas 89% ewdey LaszusninuiINENANN
4 Ju 1w 10 94 Swugnluesendaly (QﬂLLiﬂﬂaa@mﬁG%&I@ Waz ANUINANAANTIN) aaad
Usznm 1 61 wignafignuani 4 Jundamduneziizunaasenluasendalulvgige uumed
Lmqmﬁgﬂwamﬁ 10 'S'wé'mai’mm:ﬁmm@ﬂsamﬁﬂﬁq@ LL@iLszqﬂsﬁQﬂwawﬁwm 10 UUE?

L5 L5 QI l&’ 4
i 20 % Jrmaasanlunsenna liNadn (3UN 3)
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31U 4 WavaITzETRUNINEY (WSI) dadninidnasaa (farrowing rate, -O- ) Ua8AIINT
NAUAA  (remating rate, -x-) anminuandnlukdszauaasinuiitiE iy MIaDa
(Tummaruk et al., 2000b)

UBNIIMNUWIAVBIATONUAD ITOTRENUUTINFN SITNAADDATNINRNAAG I8 Tummaruk
WazAmE (2000b) Wun LilaTzesweuuAonauARNIwn 4 % 1w 7 T sanmsnaudae:
Aoy anaddua1aL (gﬂﬁ' 4) UGN TTUSHENUNDINRY Waan 9 ldaudls 20 T4 sanns
NENAAazAas g LRNTY LL@iﬁﬁ'avl&iawhﬁ'uLL&iqﬂiﬁwau"l,@Tmﬂu 5 TURAINETUA LLﬂqﬂiﬁgﬂwau
7-9 TUNRRIREIWY ﬁé’@mmmauam‘ﬁﬁ@@ 1umm:ﬁLLajqﬂiﬁgﬂwauﬁ 7 Tunadsneuuian
miwawg’]gaﬁq@ (gﬂﬁ' 4) NAMTIATIZRAFOAATBIND Vesseur Uazame (1994) Fewuinual
qﬂiﬁgﬂwamlufuﬁ 9-12 ‘v\é'w\zimm:ﬁé’mwmswawﬁmﬁm*j’ul&iqmﬁgﬂwau 5 IURAINEIWY
m@;wamaammu@m@mmﬁ]:mﬁnmhanmﬁmmzaulumwaw ToawuinBaszasnenuaionas
windn  renmlunsiuiiadudaesfomuas  (Rojkitikhun et al, 1992; Sterning, 1995;
Steverink et al., 1999) luLLﬁqﬂsﬁﬁs:mnmmsﬁuﬁaéeu sepznmasudisudusaanianlufas
FUadAE (Weitze et al., 1994; Mburu et al., 1995) amﬁgmé’wﬁwaomia@awawm@maﬂ
LLa:é'mwmwauﬁmluqumﬁﬁiwwmuuﬁawaumuﬁﬁa miwau"l,sjgﬂﬁaammmﬁmmmu
AUnIan o (Kemp and Soede, 1996; Nissen et al., 1997; Rozeboom et al., 1997) Nissen L.a2
Aniz (1997) wWuNFMsHaENAadwingn 28 $alus neunmsanlanietinin 4 $alus wasan
ai ﬁ]zacﬂé’m@mmau@mmmmmmmaﬂlu@m @”ﬂifuluqﬂiﬁﬂé'uﬁmfﬂ é’@mumaaéﬁﬁgﬂwaw
Vl,sjgﬂ@"aamﬁ]ﬁmﬁm‘fuﬁﬂﬁwamﬁmi@m’;mﬁmﬂuqmmjuﬁ @”@ifuﬁamazl,ﬂumm@;mawmﬂ

AvanuazdaTNINENdandadluulgnINdszoznuufanaus1) wanand Tantasuparuk Uaz
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' ' Aa ' =2 a ’~ Aa

ATAY (2001) wuhuaigniasanuinffiszszninuniinaumuaziinaninanaadiauas
anumanIalumildnandadindt udgnifsosniunianauauluasanuan nwuaiidunis
waasliiRuisanuidyvesszusndwmniionay deaussnmuwmiszuuiunuslugniuazdudn
) A A o R &K A & A & o ¢ A A A a
tadpniliniarsdisdinaue Tunslanzinandalushingnavug mandsz@niniwninda
qﬂﬁamﬂﬁmmaﬂwaviéi'ﬂmmauw”uﬁfl,uusjqnmé'wmuu

Y [ a %) 6
N3G IVRIYNYS

L]

%

adwladundmayNgadansdngioniyWuiuesgniann 1898980 Aa Thwinea ud
atiland MaguazshwindmzdhgisaiyWuiienuulsUnudendigs asoniidnina
danguazimineudaioiviatguslugniann ldud @ty seWui  ggna
ANWUIARE LAz IAENHAIUNagNT (Christenson and Ford, 1979) sanmaasLaulanay
anaunmnvadluiudurasiugnisfianudunisiuangdllaisisiaiywus gnisanlaiuacd
A ludusunannnzdhg iy ldisindgnseilatn  uazlananmnvesaindi
WaI%aanNIN (Rydhmer et al., 1994)

4 v 4 a o ' o @ @ 2

a1grasgnIsIlatngineiyWul  sanndenaamanugnawlddendegs (h =
0.3) lalIoUBUNUANBULNWTUUFUNUEDUY  (Rothschild, 1996) gnIWugnainiBos

. a A L A oA A K& o a v & 1 @
(Yorkshire)  lutlzinasiiauddnaqouazdndssuuunaszusasangdafsivaiywuiiviny
211£20 U uazthwinegs 117114 Alaniu (Eliasson, 1989) lugniwusuan LY (Landrace x
Yorkshire) fla1glasiafuiiiafisibiaiywusiviiniy 185 3% uaziwminel 98 filaniy (Andersson

o ! a A & o a o o & & & &

et al, 1982) ludszmadamadadvvasanydaiaibiywuslugninusoaniifod uaudiss

o 6 . ' > [ dl
WAZENIWUINEN (Landrace x Yorkshire) tinnu 21511.4, 19813.3 uaz 1901X2.1 1% luanzn
? % A ¥ o v a o 6 et a et o o "
iwinilaidng By WuYiAy 11620.9, 103122 uaz 98%1.4 Alaniuanwday (Bidanel et
al., 1996) Tummaruk UazAme (2000) Wud1 gnswuuaudssludinasiian ldsunInaunss

= R & o a o =R o ¢ A o a ' o &
wininhwuseinfosludsamadoaniuis 2 ddew dsznaanizainwnuignInug
& 1y ' v & & A €4 & & A o ¢ ' ' o A 1y

uwaudlamazangiosningniwuivainiBosilofeinaTywus anuuand19szning 2 Wushwule
wunuluanemanyg 1w sanmaasgdule anuwwveslvdnsunsininin 100 Alaniy
Tummaruk — UAZATE  (2000)  WudgnIRIEBNUTUAUGIITAgnAaLRanunduwsn g uss
PN a a ~ o a a Aa o ¢ ¢ A € ' o
tndsaludszmaslion  ddanmuaiydulandnignssowuioeini@os  udlunisasaiu
TugnInuiuaudinauidusunanunindt nsdunuitaaaasodny Bidanel LazAmA (1996)
A . o & & o = v o % ' o & ¢ A €
Tawuhgnanusuaudlsludszinadiaaadludndundivniignawusoeinigo?  uazuaad
sxmadugaisininge 2 adand anwuuandramrauenanazadunsladrsanuuandlianig
WugnIsuuda Saenaiidatonmeduiinadaudiuingidadin u Inswudgnivugsetn
a a a v a o A A \ A A A
doslulmmasliouidymlummniatiiug - Senafinadenaaiyidvlalasiadovasgnans

#ONANHLITNITAUNDIN qmw”uﬁ:uau@ﬁisﬁﬁﬁmﬁfﬂ LLiﬂﬂaa@gx‘lﬂ’jﬁﬁmiwbufﬂai{m%ﬂi{
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(Rydhmer, 1992; Tantasuparuk et al., 2000) luiszina’ng Tummaruk wazAmA (2009) WUMNT
Lﬂ%é’@ﬂ%LLsﬂluqmm’;Lﬁamqmé"ﬂ 200£28 T@ﬂﬁmmﬁmaam‘swumuﬁuﬁ?@ﬁmﬂq@m6]
Nib (Eﬂﬁ' 5)

IN1BWLIN muﬂmaamaﬂﬁqmmuﬁ@ (birth parity) aasnsaiyidule wazaau
W luiuaunad JANNFNNUS  (correlation) ﬂ°'umqﬁwaﬂﬁﬂ%mﬂluqmmaaﬂ'nﬁﬁfﬂéﬂﬂ”ry
I@]mehLﬁamm@maamaﬂﬁqmmaLﬁ@ﬁmm@‘lmyi‘fu sammaaiyidula azaaad (r=-0.13,

L= Qs L= J U v 4 L= Qq:
P<0.001) mm%mmaﬂwuamaogwu (r=0.03, P<0.05) u,a::aaNa‘lﬂmql,ﬁawauwufmomﬂ

Ql J 1 a o a yﬁ/ a a 094/ 1 a
lu'simiﬁ'nLWN%GT%BUWGﬁ%U@WﬂE}J (r=0.04; PS0.01) %aﬂ'ﬂ’]ﬂﬁﬂmiqﬂﬂiwilyL@UI@I@]GLL@]LL?T‘]LT‘I@]
=3 g’ a A o o A [ o 6 o [V V) [ dldcz
InDIUIAUN - 100 ﬂIaﬂillﬂx‘]ﬁJﬂ'J']lJﬁEJW%ﬁﬂ'Uﬂ'J'ﬁJﬂ%’]‘llax‘le?JﬂJuﬁ%'ﬂa\'i I@Uqrﬁ"ﬂuﬂ@]i’]ﬂ'ﬁ

Aa a e [ v = J
Lﬁmgmuimgx‘mﬁmwwmmaa"lmuuauvmmm (r=0.25, P< 0.001) LLa:anauvlmiwu (r=-

Aa v o v a A v = &
0.26, P<0.001) qmmm’]wmmaﬂwuammm%ma:mgﬂwaﬂmsfmu (r=-0.07, P<0.001)
(Tummaruk et al., 2001)

C—Percent —®— Cumulative percent

16 - 100
14 - 90
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12 _
= - 70
@
e 60 b
§ Al T 2
€ 8- _ 4 Ls0 @
. Al g
- =
£ & /i 40 2
-30 ©
4 - |
/ - 20
Ch HI'I L 10
0'. T T T T T DI]nnﬂlnl:.nll:I D

18 20 22 24 26 28 30 32 34 36 38 40 42
Age at first observed oestrus (wk)

31N 5 ovgnnugnIsnuaasmadudaaisuanlumiiugny 5 uis ludwinelne (an:
Tummaruk et al., 2009b)

mwauﬁ'%f;:qnsmwmmu
A en o o & A o & A A o & =
1umaﬂgumqmmwngﬂNauwquaLLammmﬂﬁua@mawaaama%aaﬁnnuu Falae
mﬁmzﬁmqﬂizmm 7 -9 100% mmﬁagnwam%’aLLiﬂvﬁamqﬁﬂaaﬂﬁﬂmf'miﬂluqﬂimw:gﬂ
I%Lﬂué"n”@ammmwmaszuuﬁuw”ufmaoqnsma"l@”lmm”wﬁa Lﬁaomﬂvl,&iﬁmsa@ﬁuﬁnmq

Lﬁawﬁgh”mﬁryw”mf (Linde et al., 1984; Schukken et al., 1994; Le Cozler et al., 1998) mﬂqu}a
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qnsmﬂﬁ%’umwauﬂ%LLiﬂuaﬂmm}:ﬁwaﬂﬁaaminmwmaaqmmﬂumﬂﬁﬂgﬁﬂLﬁryw‘"uﬁf
azuaasa M ILugansounasnaNuLa? Gauaasfanaadulazasiinminaueis I@m“’lavl,ﬂqm
mn:vl,éﬁ'umiwauw”uﬁfiawummnﬂué’@LLﬁaamoﬁamﬂm%ﬁ 2 mqﬁagnmam%mnﬁa
‘vmmﬂmqLﬁaLLammmmﬂué’@ﬂ%umﬂs:mm 3-6 glaR EJ’]ﬂqLﬁaQﬂN&Nﬂ%LLiﬂ%%aa’]ﬂqLﬁa
ﬂaa@ﬂ%LLiﬂﬁSﬂfwa@iaamsnmwmﬁzuuﬁuw"’uﬁjﬁgmmmﬁiﬁma@iaiwmaﬂumﬂﬁwawﬁm
(longevity) maoqﬂs@”’m (Le Cozler et al., 1998, Koketsu et al., 1999) Tummaruk LLasate (2001)
wuiﬁmqﬁ'wam%LLiﬂluqﬂiaﬂaﬁwa@iamm@maﬂLﬁaﬂaamlum@”ﬂmiﬂaa@ﬁ 1 4 uaz 5
ﬂﬁmﬁaLﬁaNauqmmaﬁmﬂqmn%ummwaomaﬂiuﬁ‘im‘"umiﬂaam%mm:gﬁu o
Lﬂ%'zmLﬁwﬁ'uqﬂsm'sﬁgﬂNamﬁamqﬁaalm'w MWW NaFoAARDINY Schukken UAZADA
(1994) uaz Koketsu UazAm (1999) AsfiAnduilanusnasuneldlasnanmeiiingde san
mmn%%ga%ﬂuqmmaﬁﬁaoiawaammﬁué’mmn"ﬁ(u (Andersson and Einarsson, 1980)
atglsna ﬁmsﬁuwué'ﬂiwqﬂsmqﬁgﬂNamﬁamﬂqmﬂ PnaveInTanIziindonaaaludey
mnaaai 4 uaz 5 L]J‘%'almﬁwﬂ”um”’aﬁgﬂwaul,ﬁamqﬁaﬂ (Tummaruk et al., 2001) F9&1130
afuwldin uaninilaanndduminsenlzinadarwiantanudd anuuandvadatylud1au
mMInRaaLdEINUNdNadaIwIAATanmy  namnde  Mmuludiaunisaaaatdalini qmﬁ'ﬁmq
mﬂﬂjw:ﬁmm@maﬂﬁlm}vjnh (mwwz&im”umiﬂaa@ﬁ 1 ®38 2) (Culbertson et al., 1997)
Schukken Wazamhe (1994) wudﬁmﬂqmaaqmmaLﬁ'awauﬁcﬂm%LLsﬂﬁwa@iai:mnaﬂumﬂﬁwa
WAANIT3@  (longevity) LLazmm@maomsﬂ”@ﬁo qmmaﬁ@iﬁﬁauﬁamqmm:ﬁ‘ﬁaonm‘lums
lﬁwaNﬁmazunhqﬂsmaﬁmgoﬁaaLﬁamqﬁaﬂ uanmnftmm@maamiﬂ”@ﬁaLﬁaamﬂﬂ”tymma
i:uu?mw”ufﬁgﬁuluqmmaﬁ@%ﬁaaLﬁamqmﬂéﬁzl MNNMIMWIUANUGUAINILATHIANENT
mqﬁmm:auﬁqmadmmgaﬁaaﬂ%LLiﬂluqniaﬁaﬂaiﬁlzLﬂu 200-220 % (Schukken et al.,
1994) Koketsu LazaAmhe (1999) VL@Tﬁ']mm'j'ufiaNauqmmaﬁmqmﬂi‘fu hwrugnuinasaal
%’imﬁi‘]%&l@]ﬁﬁ]ﬂﬁﬁ]’lﬂ‘ﬁ’;d%ﬁ@l“nadLL&ifgﬂ‘igf’mﬁd6] UM UAZLUZININENIRNATLYNHEY
iauany 230 %

mqﬁqmmagﬂwauﬁuﬁ:ﬂ%LLiﬂﬁ'\aﬁwa@iaé’@mﬂﬁwaua@ﬁaﬂ ﬂa\mﬁaqmmaﬁgﬂwau
Lfiamqmrw é’@lswmswauﬁngﬁu Lﬁumﬁjauaﬂ"l@i”ashmﬁadqusmaﬁ'gﬂNaquuﬁimﬂq
VeHE! ﬁ]xiﬂamagﬂNauvlﬁﬂmm%ﬁauﬁ%ﬂaa@ udasne lsna maﬂ%wuhqmﬁgnmamﬁa
21887N a:ﬁé’mmmﬂﬁmaa@@‘hﬂdﬁqmﬁmamﬁamqﬁaﬂ6] (Koketsu et al., 1999) mi‘ﬁ'ﬁ]:i:q
ﬁamqﬁmm:aulumwauﬁufﬂ%LLSﬂifu anvazdasrnmsanmnanas i lwudazwnsuiiiasen
wiazWsudnsIans LLazamwLL’;@ﬁauﬁumn@mﬁ'uamsnmwmaszuuﬁuw”ufﬁmnzuaaﬁa
Nawﬁmam&iqﬂﬂuma%ﬁ@ (lifetime production) muﬁz\iﬂ?}ﬁysw) MAeITo9 1w 91ms M3
IAMT UAZEEWUT b 'S'uf:mmmagﬂvlﬁfh qmm’;ﬁgﬂNam%azﬁwa@iamsa@ammmwmo
suufunusluasenuInldun  Huwaasanidn wasasMIKENaac  uainluszazoniezin

HAd InTzuaignIdaug et ldununiusclitanianganiluszozine g vasdaunisaanea
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% IWAATENIAANTT  TTHZIIMAILAREBUTINFURWN I oanmMadnesaaganit  uazd
szazaldnunuwnni (longevity) (Schukken et al.,1994; Koketsu et al., 1999; Tummaruk et
al., 2001)

—iPercent —e—Cumulative percent
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Body weight (kg)

{ g’ L 4 1 J v {
sUn 6 dhmingnasudadiduldnuanviiugns 5 whiuludwinelng Ann: Tummaruk et
al., 2009b)

g’ % .:I 1 .:? v
wmnngnIaliadeinlsinn
lasyinld dnuuzthlinauwuignasniasiuan Wenunsdudaaifisasnianasnniu
a o ' Y A % PR A o o ¢
lasadsfimindladedas 130 Alansy lumalju@ dyminwuldies g lunmmauwugans
= a 3’ a v a A 1 o A = a v
sada argannifinly dhwindesfinld uazmie lidnsduiinmaduda annmaidvludeeineg
A & 2{’ ] Ao U ¢ A :/ % al % % v & 1
Inolaisg dwwdt gniannsudhwhinnimin 81-110 Alaniu wsasnadudalaiiindngns
Ao o ¢ A ¥ o ! a (% A Aa o o A
snfisudvhsudiaiminannndt 111 Alaniu mewailiasanangnindimsindininida
%"mﬁﬂiaﬁauqmmmmmu w38 Gilt pools HNWUTN FNIFINABAITOLUINUAY FIEINATIS
lignamarildsumsdudaiuWegnituinly  Tssswadenmadigioaiywus myidureu
o X ] ) A o o o 4 A X ° @ { 4 v a o
wihiiwud dgnassududanuneagnailoangdniu azviliergiadoidiaidhgioaiywulgs
) A ) {
anlUee daassnumsdnsludszmalng (@1 2) ludseinelng Tummaruk wazaowe
1 { 1 &/ Qs 4 g/ L =) %
(2009) wuhlasadvgnisnignasdunaunuiionmin 134:13 Alansy lasdanuulsdsiu
adud 91-198 fAilaniu (UM 6)
& o A o & & ¢ a & o X
lushiugnilesialy Wegnienwuinauuaudiss-sasnifos gnaasidunauny lag
Wenanshwinaudunusd vasInudigniaidalddetyiuandens  dymiwuannuaz

1 & dAa a . ~ v v A ' (2 & ' 3 P
WiJiJaUl%W’]i&m&lﬂ’]iNa@l@‘mSaT}ﬂ(ﬂLLV]%(?’I’JLad ﬂ@%’]@ﬂ%ﬂ’]iﬁ]@ﬂ’]iﬂq&lgﬂ@la{]% mwal%mq*n
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qmﬁmLéué”uw”aﬁuwaqmﬁmmuﬂsﬂmugqLLazﬁwaﬂizwu@iamm*‘ﬁﬁgfmﬁmuw”ug‘ NN
WU ﬁmﬁfﬂmaaqﬂsmuﬁam%ﬂ%@m ifuﬁ‘umqLLﬂ:é’@]i’]ﬂ’]iLﬁ]’%ﬁgLﬁuimaaqmmuﬁuﬁm@
miﬁﬂﬁﬁmﬁfﬂmaaqﬂsm’sLﬁuﬁmﬁamifﬂfmuﬁa Uaspiimsdiledis Aa dhwminusnasoa
mmﬁ‘ym@lmwﬁag@uw wazmysamseunslienmsluszozengg Smsdnswudn swin
LLiﬂﬂaa@maaqmﬁwa@iawgaé'@mmsag]'sa@LLazamsnmw‘LumsLﬁfyLauimaoqﬂm‘”ﬂfuma@

T30 (Rydhmer, 2000) MINENBANINUTNTIN (heritability) Pagiminusnasee lasadsden
WYinnu 0.4 sﬁaaglummsﬁmuﬂma (Rydhmer et al., 1992) %ananimMyIsusinuani Qﬂqmﬁ
WNaNULNTIY 3 ﬁlzﬁﬁmﬁfmmﬂﬂaa@ﬁﬁq@ ’me:ﬁgmgmﬁtﬁ@mﬂmjﬁaa 2 ﬁ]:%ﬁfﬂ‘ﬁ'q@ e

o & A a o A a C oA
a']q 3 gua Ll]iillllfﬂUUﬂUQﬂQﬂiqﬂLﬂ@ﬁnﬂLLﬂJY]a\‘]a%e]

ANTWN 2 mmé’mw”ufsmiwmqqmmuﬁaﬁué’uﬁaﬁuﬂa LLa:mqﬁwumﬂﬂuﬁ@luqns

o 6 6 6 a 6
‘IN%]QSW FULIUALIT-DINLDET

yNSUENHEWegNT (o)  Fwugns (i) agiwumudusaasiuin ()

3 103 183
4 871 193
5 1629 207
6 1048 222
7 87 232
8 26 257

ﬁlm Tummaruk lLazatks (2009): Animal Reprod Sci 110:108-122.

& A a o v & o & & & A & A

luthumeiauanin dn33dousasldiduin gniswuiuauuaudiss-sasnifes Agn
) s A [ 6 aq/' ] [ 6 = > o
Naemnnae 75% 1893XALNNATTIULAKUIIN AIusany 6 FUaaniseny 180 1% 8aTINNS
wigdulavasgnianndnisiinaemizdininguaiuquadfiibdany (552 uaz 667 NI/
T anuden) lumeaswunstaimin Wedszidwimindivasgnisanauny aasviidu
szozg  wasdunedy  awddninusnaren  shwtinndu  shwnnilleRugaea (9
> 6 3’ L= A ) L= > 6
#ansd) uazviwinidayinnsnawus

nanlasasl  dmsinvesgnisadesudhrsudanuduWuiiunndnginasywug
2298038717 gninnanduudnuing arsdnsdsdwimindadudiminusnasaa imnein
winuy dminasnnliSeusyauazthwinulledawus  tielilagnInaununidinnin

{ , X q9 ' ' o
N’]@]ii’]uﬂﬁa a&mul"ﬁmuuaﬂm&Gwaﬂizﬂ‘].l@laﬂ’]SLﬂuﬁ@
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et al., 2000a)
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a $ [} v v &, { v
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HauaIIuIn i sudidudnsaueuisanfimadhgionigiusvesgniuddadunanns
JanmIgnInaunudisisuiu lulzinaadiau Tummaruk wazAnz (2000a) wuigninasaalu
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\ o A \ d [ a o o o @ > <
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. & b, o ! A a A A v &
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a a ) A a o ' v a A a
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1 v { A&’ Qo v
’mﬂqgma&l’mﬂ’nqﬂ‘imﬂ@U%:Lﬁuvlmnﬂ WS N2mMuwudh  Lazn1Iaaaditadaanidnnaaa
(Hurtgen and Leman, 1980; Tummaruk et al., 2000a) Martinat-Botte Lazatby (1984) 31841470
A A A . o A A oA \
IﬁdL‘iauLLuuﬂ@@mﬂiaL‘iauLLumﬂ@lummgiau Luaw’mmuqmqmﬁq&lmﬂluvlﬂﬂm’l b
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(2000b, 2001) wmfﬁqnsawaﬁim%wa:ﬁaussnmwmamsﬁuw”uf@:hLﬁaLﬂuLLu’qm M AUNIIAN
anIzasgnIanarildlasnsaagunndluliaton saanummwiniu LS ANNIIZLN g
ﬂizmsﬁaaaﬁamiﬂszﬁun’mﬂué’@hqmmﬂ@U maiuanuduazszaza lunssudanune
ans LLazlfWaqmﬁﬁmwﬁmﬁT@ga ﬁmqvlsj@"hniw 1 9 mamorihldiAennunsoatiasg
Tagnsauing wsamIaageslun PMSG uas HCG dvonasududasrhlunsdifinssanisanld
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laguandeuldzuadlaituiduini (Langendijk et al., 2001) Pena Wazanue (2001) Naaadda D-
A ' A o ¢ | o \ \ \ Aa
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PGF,.. waadmadusanislu 7 14 goﬂdﬁn@;uﬁvlaiﬁ@ﬁo 28% WLANLINATIINARDALRZTUIA
‘ ' % ' = N o ' | & ) o ' @
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42
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audgalanswalwdiaudarzuufuusanaweaiily (Omtvedt et al., 1971; Love et al., 1995;
Tantasuparuk et al., 2000; Tummaruk et al., 2004; Suriyasomboon et al., 2006) a”m:rmmd’avl,ﬂ
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IamMIgutaya (Database Management System #3a DBMS) iduszuuniaifnisnlilunis
o @ A o o @ A A & &
Jamapudayanaansndanslasnslildsunuiangudeyadaduldsununiaseniuag
ntlunisdanmanudayadeg luszuugiudays vslumaiungdays nsdaiudayaliidu
sy Mmidsidyutayaaimndsziananiadionzd lusmsaslisunsugudeysasnfionls
ﬁagluﬂﬁlgﬂﬂﬁuﬁ Oracle Microsoft SQL Server Microsoft Access FoxPro Clipper dBase
FoxBase uaz MysQL ldsunsuwartiuananlglunissigudayaudidelininlunisdanis
o a Rt v IW v ‘é 1 ] Qs
wazdniiunanugwdayaauidisongdayauea Faudazldsunsnazdanuaansaanani
ganld vsldsunsulduisudazdnmsdimevenizansvineu veldsunsulsnusudannin

LETAMNEINITD IANTVINIIBUINNTN

Tisunsa Microsoft Access

uldsunsuifesldiuann (gﬂﬁ' 12) mm:ﬁ'umﬂ%am’lm:uug’mﬁagaﬁﬁmm@ﬂmo
WAZLAN mmsna%wLLUU‘V\Iai‘uﬁﬁaomsﬁﬂﬂqﬁagaﬂﬁlugm‘*ﬁaga il uUInM I U YALLL
faWs(relational database management system) Mitanstayavadldsunsududnuymzansng
mmsmﬂ'wa@ﬁaga Undys dumn adsunuweiuuazIgas SUIMMAINS uazaIuNundl
fauaInITanIgIuioyatszneudis a1 uwuuseumy Weasy Twnu anlas uaszluga
uaﬂmﬂﬁﬁ'\imminLﬁuiagaé'ﬂwmm”@q (objects) leMaanuwaion (ink) %ia 19 (embedded)
\Soni1 OLE (Object Link Embeded) msdamisenalusunsy Access Asuldnunissanis
3 wIBYaLUY Stand alone Aldlddinmadendaszuuiaiatng wdfaansailuWawideudariy

JUULASaN8 Client/ Server Lo

mﬂ Microsoft Office
_.Access 2003

gﬂ‘ﬁ 12 LAAINIIHIULRAINIW]LTUATY Microsoft access

44



T1l51n38 FoxPro
a U d' v J . dl

FoxPro iiluldsunsuianisgiutdayafignaitediulas Fox Technologies (3U7 13) uazlu
andaddauSEnun ldnululasmanyiuar  Alanatsdidn  Visual FoxPro  lisunsa
FoxPro slawtnatiuniouuinluade auﬁmauﬁﬁﬁamﬁmﬂﬁamayl' ueNaadI0s 9 1HadaIn
~ A A & v A v . A 4 @ o
Aldsunswdugidunmafenanndn uaztoiForasn1sld Visual FoxPro lumidiadariugiutaoya
seozlnadayafiairalas Visual FoxPro fiiulwduuy .DBF fiTaifulunisiaiivdayasuwialng

11N 9 v lwnTdszuianat aisunullsunIuawss MySQL Server Wa Oracle Lilat
y

519 13 uaasdrasnalusuns Visual FoxPro 9.0

u

{iJswnsa Oracle

fa Object-Relational Database Management System (ORDBMS) JunRanmaiann
USENaa AR ﬁmmmmmﬁwmu"t@”ﬁolugﬂu,mJ Rational L8z MENLIA Object Oriented

o o a oA A o a =

mwmmmlumsﬁmnﬁgmmagaumwmL%anaaaamumﬂiﬂaﬂ Rollback Segment 71w
ﬂiﬂmﬁﬁ]’mmw3Jmmmﬁﬁ'@msﬁuﬁaQa‘luﬂitﬁﬁlﬁ@ NMIRULARIVAITZUURIAFNZITNTLUL
limananlduimsld manziunmsdanmigudeyaswalngidasnsanudaeanvvasdayags
LRZAMNNBAIIUNTITINY UTnNTaIsnH eI naImanyiuIs Oracle 3 2 WUUAa Personal
Oracle W&z Oracle Server NIRAILUL ANITITINULAZANFIAT WY 619NN Personal Oracle
A U nﬂ. di a 09/’ di a 6 v Y o d' % d' ' aqz' ' ni
AagudayatiiafadiunaInsnauiiaa i Q‘lﬁj@am’muﬂ%mmsaommu SIUNLD WL
Server azpanlWilfwiangudayaniaiunnisldiuainiaiasdug 1a (clients) lunavnu
@ % A § ° [ [ o o
gasltniun sQL daidunienldlunisiivue wazaan1Iny Database mi’ammigmmagaiu

anwae  multiruser  JlBdhisgudayaniannulunadivinunaildnaninausuasdaniny

45



dasn1svadgliduldatugasth lu oracle database daan1Igutayariminf compile waz
execute F1&9 SQL ﬁﬁiwﬂ@mm@w i1 SQL statement Mgsu1laigndaIdIdann1TIZaS error
message NaUlUGIlE ddndagndastsazilszanans  uazglEun network sanIndadanue

[ 3 v Q' ¥ v ¥ g ng
ﬁ](ﬂﬂ'ﬁﬁ']u‘llaﬂaLLE]&L??JI"I@']%T@HR‘IL@ (U33AN@ 2551)

Tusunsa Microsoft SQL Server
duldsunsndamapudayanldiuanuiisuannludagdu Ui 14) usenviuaivas
lulasanvinldinalulad  NET  Gudwnalulagfivhlwsainsnduanedayseanunlaiu
. . . [l A [ a & & 3 [l a A o L%
application 289 Windows tHun19szuuiasatnuduiaasifaldasneg Duldsunsauiiiunisls
nuluszuy Client /Server lasawizmilfnugiudays SQL Server dasiinaaineszuy

A ' x> Y ' A . =l o A o o A

wsatelian Server ilugiudana sl Clients wdssdaldsunsufivhwinfilunisuaas
iagawhﬁfuﬁﬂﬁﬁmsﬂiwﬂ'@ﬂ%'wmﬂwummmﬁiﬂum%aa Clients 113un3N Microsoft SQL
o & @ @ A A @ ) ) @ A Aa
Server pnwWadIumaldnisldnim saL Adusna Aeansnlinunuiugudaysdund
o o ) @ { o & . = o . o o
lawsaimsidedni 1w giudeyafiairsduain Microsoft Access AisnanInlFauiiunuiu
SQL Server lalag faIa19e NlBlu SQL Server NuU Access A9tduiFalasInwazaanuuyly

nuldiodonindiwindows Nildaulnajduias

5111 14 uRAIRINA1WI11IUNTN Microsoft SQL Server

u

46



Tisunsa MysaL
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MN1319N 9 qmmmﬂmmzmaammsqnimmmmu qﬂsqw'ﬂao LS QﬂiLﬂﬂdgﬂ I%W’]‘SN ABC
Duss E

Carnal ek RV
A B C D E
qnsm'mmmu
WR391% (keal /kg) 3,000 3,250 3,200 3,224 3,200
TU56u (%) 18.0 18.5 18.0 18.6 18.0
lasin (%) 3.0 10.0 6.4 10.0 6.4
N (%) <6 <45 5 3.2 5
wARLTYN (%) 0.9 1.2 NA 1.3 NA
WagWaia (%) 0.7 0.6 NA 1.6 NA
8% (%) 1.0 1.1 1.1 1.1 1.1
gnIauTas
WR391% (keal /kg) 3,000 3,050 2,900 3,007 2,900
Tus@u (%) 15.0 145 14.0 17.6 14.0
lusin (%) 3 5 4 7 4
N (%) <7 <5 5.2 3.4 5.2
waaLE e (%) 0.9 1.2 NA 1.3 NA
WagWaia (%) 0.7 0.6 NA 1.6 NA
adgu (%) 0.7 0.9 0.7 0.8 0.7
qn‘sl,ﬁymgn
WR391% (keal /kg) 3,250 3,250 3,400 3,224 2,900
us@n (%) 18.0 185 18.0 17.9 14.0
it (%) 4.0 10.0 15.0 9.3 4.0
N (%) <6.0 <45 5.0 3.7 5.2
waaLE e (%) 0.9 1.2 NA 1.4 NA
WoaWate (%) 0.7 0.6 NA 15 NA
adgu (%) 0.9 1.1 1.2 1.1 0.7
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2.2 Front-End d1%30031897% fAa muﬁwﬁfmm%?aQu’%mﬂ%’[umsﬁm@ﬁagaﬁllﬁﬂﬂu
Database Server I@mhuﬁauvlfuﬁ;ﬂ%ﬁaami LB NIIALILY NIAIAINEDa mnﬁwﬁﬁaga
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gﬂﬁ 34 ugasmsdanloaasernslumivhanuesllsunsa
MIiUTaYAUAZNTIATIZRRE

Aerzidayauuudaunaiidunoviiy 3 0 daunad (a.a. 2006-2008) winiiiaaslu
myenzideys deznaudie wasy Wus Juiia Sty SNy 3En19HEN Tuas0n
ai'lmugﬂqmmﬂma@ﬁmm FmgnaniuInaseaidia UMY TR UNTINEY 37
Ao LLa:mmg}miﬂ”@ﬁa
Hayan1aawhaaing

iagmﬁmﬁuqnmgﬁ LAZANTUANEUENTNGEUNINGAY WA, 2548  fuidau
figuwisn 2551 1690 official meteorological station muluseil 100 Alawwasanwiin gungil
\aRg 24 ﬁ'ﬁimlmmiwmsﬁﬂmLLa@olugﬂﬁ' 35 am%gﬁizmwfumﬁlm@ﬁwq@-qaq@ agjﬁ 21.1-
33.3 24.4-31.6 uaz 17.9-29.9 asriaaifualungion du waznwaudey ANUTWRAD 24
%ﬁiuaag‘ﬁ' 68.3%, 81.7% Unz 64.2% lun@ian Wi ULAZWWIIANEIGL Temperature-humidity
index (THI) ld91nmsduatiaugas (Kelly and Bond, 1971): THI = DB-[0.55-(0.55xRH) x (DB-
58)] lay DB fogminpfiadonsiu uss RH Ao anaduwadoniiu lasiads THI agfl 79.2¢3.5,

79.7+1.7 Uny 73.544.2 qug:?au Wb LAZWUI @us1aU

63



29

= 28 -

ad

k5

& 27 -

(—_"

&

>

& 26 -

ol

&

<

= 25 -

et

<

I~

@ 24 -
23 -

Hot Rainy Cool

4 =) { d Q/ =) =) { 1 = =)

31 35 qm‘ngui@ﬂLaﬁﬂluﬂuaauﬁlﬂnanﬁﬁq@;uﬂm'ﬂmﬁagmﬂmwﬁ 100 Alaasannisy
(% %] 4
agaaminmwmamsﬁnwuﬁq

% A A ¢ < & A v o &
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2551 °1TaQmlaaWﬁuVL@Tmﬂs:uuﬁuﬁmTaHa@i"sﬂﬂauﬂama‘i‘@”uwitﬁauuﬂﬁﬂu W.@. 2548 14
LAUTUINAN WA, 25511Ta§aﬂs:nauﬁamuaﬂmqns IULARAA BIALUTIDI NUIURNENIUIN

AAAa ] . . . o !
ANDANTINADATAN (number of piglets born alive per litter, BA) 3TWIUANFNIANLLINARDAGE
a3an (number of stillborn piglets per litter, stillborn) ﬁhmugﬂmaﬂ@iaman (number of
mummified fetuses per litter, mummy) #%wNATANLINLAG ﬁmﬁfﬂgﬂqﬂm‘imﬁ@ WAZIIUINGN
qﬂimi’mu i‘i’lmuﬁﬂqﬂimﬂﬂaa@ﬁ’a%m@@iaman (number of total piglets born per litter, TB)

FUIUAIININUINTINYBY BA, stillborn Laz mummy AFIUVaI stillborn dantan (SB) itk le

stillborn mummy
total born total born

@ @ a o aa o A ' & \ o ° '
maaaauw’nugﬂ@lawawaga I(ﬂﬂmlaga‘numiuu‘nﬂvl,uauyimﬁ]ﬂugﬂmmmmm % TB

lag x 100 §A§IUVEYI mummy Gansan (MF) fwIsann x 100 dAn1y

@ A

\Dugudl (n=3) °1q1@1°11agaﬂmumﬁmsw:ﬁﬁﬁ%%m 25,835 T8N 21N 8,133 L]
N3NATIZRTOYAN AN

fayjagﬂﬂszmawaLLaﬁmﬂ:ﬁmaaﬁ&@hﬂTﬂSLmsw SAS version 9.0 (SAS 2002)
AWIUANFDALTINITUUIAN 9 WIS HINT8d non-missing value dnady wazdmdooiun
mmgmmaammﬁﬂ (SEM) iagal,%aﬂ?mtugﬂ’nﬂﬁ:ﬁﬁaﬂ’i% General linear mixed model
(MIXED) iayjm%mmmw?mﬂ:ﬁﬁw?% Logistic regression (GLIMMIX) 1938619 ﬂﬁﬁwaﬂizﬂu
dasuInnwnINIRuRUTTaIgnIgnihIndIuIn lasluleananagaanuuaLl @ g
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Usznaudie wavasnhsu (A, B, C, D) Iiiesaa (1, 2, 3) qg'ﬁ'ﬂaa@ (A9 (16 NUAWUS — 15
Inuwiou) nau (16 Iquiun — 15 AMAN) UAZ 1RUI (16 AAAN — 15 NNAWUT)) §raurias
(1, 2, 3-6, 6-12) AnuANNUTININY Auggma §rwuriasiuggma wazWhiudungNa gnda
ueuilyeafl (fixed effects) LLﬂgﬂiI%ﬂﬁiﬁﬂHﬁﬁNﬁ@@ﬂqﬂi 3.2+18 Avandausl (WRe 1-8) b
NI WIHNIIFDG Luaéfzgﬂﬁogﬂﬁmﬁuéiﬁuﬂi@ (random effect) ¥inMIAUIMAT  Least-
squares means Wa2viNTLLUIBULINEUGRE Least significant different method @1 P<0.05 1871

Teyadnudayneada
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uNn 4

NAN132VY

Fuaaunmsnamllsunsugindoya
& v A o A e o o o & A
Wudays MaswaNeihnIeTey selUsunsy Spread Sheet luanmauzAaaNitine
a & v o & a Y a £ v ¢ @ £ o . £
AANA aNuFNABELTIT YA TaglSouniinaauil WAUniaaTaya (Field) Waznibg
Sheet Yinunia Table nikuaalas winnunieszidon (Record) MNUBATIIFOUY ANUATL
AIWVaI Field w3a wﬁ@ﬁagaﬁ"l&ﬁﬁmamwmdﬁmuLLa:mmmaamaé’wﬂﬁmmmumuﬁ
(% A ] A v K (3 d'{ di )
dasninseld Waasuuaifiaiennuidanlosnelu Spread Sheet LWa FUWIRAITILIUNNT
AR NADINTT
14 MS ACCESS iiuiasasiiatialunisaaniuy Table WRZATINNINAUT 159370
AoY o @ A o o o ¢ a A A o o
Spread Sheet {181NAMATDIVAINITETNANNFUNUT  wazlifiaTaslod sy  sanuwuy
wdays f33vdndenld Ms ACCESS Fuduldsunsugiudaysadnssantisluniseanuuy
TagrnaaunsaanLUULa It
1. AIIATAITN fnuasiiadays Liouwuy Spread Sheet imuaziiatoyavaud
8z Field 2110ANY LU & w1301 Character % ACCESS taaniiw Text
wminidutdoyas sila nadloy (Float) lu ACCESS 1Ranidu Number
2. N3 Normalize Database \ilathamannassunmunwdugutoyadiulnajazdl
Mt aunuszAig Column vadudazansd  udusauidmayngainaanninu
SﬁwﬁamaaLﬁuﬁayaaaﬂ"LiJu,@iﬂ?ﬁmmwaugsﬁmaomnﬁu%gavlfi”mﬁamﬁu LEIn
paniuamaidesnas g aeausiauaitaya Key L ANTNTaNITY @1319RY

o &

WD @l'ﬁ’]x‘ﬂidﬁau AMINNMIUTY aNIAATIY E‘%’]i'ﬁ]LL@iﬂz@]’ﬁ’N'ﬁ’]ﬁﬂﬂé’Nﬂ%%LﬁU

2
v ) v

magaméﬁaw%avl,&i f19U2a9n1T Normalize wiivlaaadh

2.1 lagldudazanmegnaiheanlas Adnan wia Primary

ID Farm Telephone
1 UATNIN 044-324123,044-12332,089-2123132
2 wnlng 044-324323,044-544432
3 Tng-tauunsn 034-342342,086-3196066
Wad91n Normalize 3¢ laaasansd laun
A3 1
ID Farm
1 Ja3nIw
2 wmlng
3 Tna-tanansn
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ATWN 2

Farm_ID Telephone
1 044-324123
1 044-12332
1 089-2123132
2 044-324323
2 044-544432
3 034-342342
3 086-3196066
W30
Name Address Phone

123 DUBNATNIN GILANANAY 8LnalnNTo
wmlng L. . (111) 222-3345
FIRIAWATINTRNN 11234

R 456 DWHANINIW FIUANILNINN SLnauninas
asnn L. B (222) 334-5566
WHINFIZYS 11547

INANTIT1I6 UL Normalize 32aUN 1 L&3IUAIL LAAIANITVIITIIAN

ID |[Name Address |(Street Tambon |City Province [Zip |Phone
1 wmlny 123 AaININ naNed  Untad [ wWAIIITENN (11234 (111) 222-3345
2 deInIN 456 AaININ NUNIY (Undnas mzi_ﬁ 11547 |(222) 334-5566

A o v A o % @ o = @ % A a
2.2 LuamﬂuqﬂﬂaauuﬂsﬁauaﬂﬂvLﬂLLﬂ'Ji']uTa%‘J]ﬂU\‘]a']lniﬂLﬂUTaHQVL@ﬂTUL%NﬂuL@N
A \ A9 vo " @ v X o Ae o A v &
VﬁavLaJ uaﬂﬁ]']ﬂul'ﬂﬁ’]i'ﬂ’ﬂ')']"ﬂﬂﬁalu@qiqﬁ'ﬂzmaﬁgﬂlﬁqﬂﬂ@?Uﬂﬂ”ﬁaﬂLWﬂﬂﬂaﬂNu

ety uazlthda1989(Foreign Key) §1%sUIBaNANNRUNBETEHINIA1T
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& v & A= o A . (%
IMATTNITEAWI VBARTUBENUALNINFDIAIND Pig ID nuU Document ID

Pig ID* | Sire ID | Dam ID Birth Date | Weight | Document ID* | Date Farm ID
567464 | 123124 | 2155312 10/04/2010 | 10 100412 23/05/2010 | 123
435345 | 123123 | 2177123 03/05/2010 | 7 100503 21/03/2010 | 456
435321 | 200232 | 2127569 21/03/2010 | 8 100512 13/04/2010 | 123
117464 | 111124 | 2131244 11/04/2010 | 9.5 100412 23/05/2010 | 123
325345 | 123198 | 2123123 08/05/2010 | 7.4 100503 21/03/2010 | 456
435422 | 211232 | 2132569 15/03/2010 | 8 100512 13/04/2010 | 123
Lﬁ@ﬁ’]%ﬂ’]‘i Normalize iz@vllﬁ. 5N ﬁ]tﬂﬂ’mﬁ@d@ﬂ‘ﬁ%ﬂ%@v\‘]ﬁ

Pig ID* Sire ID Dam ID Birth Date Weight
567464 123124 2155312 10/04/2010 10

435345 123123 2177123 03/05/2010 7

435321 200232 2127569 21/03/2010 8

117464 111124 2131244 11/04/2010 9.5

325345 123198 2123123 08/05/2010 7.4

435422 211232 2132569 15/03/2010 8

AN 2.2

Document |ID* Date Source Farm ID
100412 23/05/2010 123

100503 21/03/2010 456

100512 13/04/2010 123

100412 23/05/2010 123

100503 21/03/2010 456

100512 13/04/2010 123

4 a v { :‘ ¥ é . o
2.3 NN 2.2 Lﬁa@mmagaﬁméﬁau aan T9Lwn1y Normalize 32U 3

Document ID* Date Source Farm ID
100412 23/05/2010 123
100503 21/03/2010 456
100512 13/04/2010 123
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ihgudayaliiiulilu MYSQL Database Sever
Tagldiasasfiolunisfiadany MysaL Server Tagld SQLYog

lﬁﬂiLLﬂiu SQLYOG Lﬁ"aa%”wamswﬁ Normalize L&33U&2 Ut MYSQL Server @”\‘131]

G18819NIRINANTITE FARM ﬁwwﬁ"mﬁuﬁagamaam{u

A8H1INNIRIIIANIITA Heat ﬁ%m%’mﬁuﬁaylam‘il,ﬂué'@
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B Alter Table “heat’ in ‘pig'
Field Name Datatype Len Default PE? Mot Null? Unsigned? Auto Incr? Zerofill? Charset Collation
O T — - O O O g :
jut] int v/l | 0 5 2
PigID varchar +|11 O O O O O ti=620 [=|ris620_thai_ri -
status tinyint -|4 a | a O O hd i
S O O O O O S =
<
[ Alter ] [AdvancedElnperties ] [ Insert ] [ Delete ] [ Cancel ]

M18819NNI839M1919T8 in_register_detail dwiuiiutoyaniasuin

A ¥ & v & ' = v 6 A (o a ' o
LUBRIINAITINATLYN 21 @1319LR72 T%@E’J%(ﬂﬁ]vl,ﬂﬂaﬂﬂ‘iﬂ‘i’]\‘] Was&lLWQLﬁ%@I’Jﬂﬂ’NI%ﬂ’]‘S@@WIE’JﬂH

;ﬂ‘f Lae Database Server
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'3 o (%] Y 1
NasudamIULTa NG

WasudmILAasanygudaya

Wasua1suidanwisu/ssulana

71



¢ o o o i
WasudmIuiniindoyailiasan

= & o A
Tagazinasy et

& o o A I
Wasuuunnzawisu
tuasuviard
[n ea
[Malglan) ’7 [~ Internal Farm
aGu daiiu s
Hadtu ] l_

Wae T | AL | wu | duiin |

A AT WAL Al iuin aan
| T

] 101 Insert Code / Design : Hiskary —
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WasuF 1A IULBANTILTaWUNII Y

SRS

AU

1L

e

uiin

aan

1

Insert

Code | Diesign | History

il
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'3 o o v H
Wasaudmsuiniindoyaiildlszarana

WasuUunnNNIIIULYA

Wasuuunnmaiuse
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WasuUunnnIIaa

Wasuiunnnisnaan
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WasuuunnnisaLiuw
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L

VaNAFNIANINAUNK

mmsnﬁ'@LﬁaﬂwﬁwqmtﬁmﬁugﬂLLuulunﬂiﬁanLGT 5 Wity I@mﬂuWﬁuquaLm
w”ufmm@ 1,700 us (W13n A) 3,500 ua (W38 B) waz 2,700 ua (W13N C) 4,000 (W13H D) uae

. . - . L,

1,200 ud (Wiw E) wisunesasnnwriuinisaaduiinnisdanmignisniuazgnIanafiiidn

= L = Qi v U ua 6 =1
naunwinmaiuindeifasuiuautoiauauuzsain i LLazlunﬂ 9rsuiszuuNT
u”uﬁﬂiagaﬁafﬂﬂﬂmsmauﬁamai‘muﬁaamaﬁaﬂ 2 4 ﬂﬁ]ﬁ;u"uimamimmimwmm‘hmu
qmmmmmuvléf 10,392 ¢ uaz lakidulutaaluniswanwillsunsunaunitaasiNelszuiana
iagamahﬁaﬂ'wﬁﬂi:ﬁw%mw f{hmuqﬂsmaﬁLLammiLﬁué’m mqﬁﬂué’m%’amn AN
winiula (ADG) lushiu A, B, C, D uag E uaasluansen 10

A ° A o A o & o a a
@13191 10 SunugnIsInuaasnsduda argiidusaasowsn sanmaasydvla (ADG) lu

WsuNYindaw Wasu A, B, C, D uaz E

wiaas W13

A B C D E
U 2,187 2,268 2,072 2,334 1,531
Fruaniiduda 1,103 1,183 1,691 1,388 956
mq«?ﬁﬂuﬁ”@ (1) 220425 19017 196418 18817 241+35
ADG (NW/%) 546158 568144 582457 610153 56147
Wmsnea (nn) 140+14 13745 136412 134£12 118+9
laguaunas (W) 17.1#34  14.3+19 185+3.6 15.1+3.5 13.1+2.7

'Y %) 6
msﬂsnﬂgamsmmiﬂ'\w

o A & . oA A A , o < P

‘mmimaﬁ]qumiﬂﬂmomiammmuamm@au WanATRENITY 4 A9 waziinng
maaqmmwé’mﬂwlﬁu iauﬁ'umnﬁuﬁagaLﬁav‘iﬁﬁﬁlw%aaJrTumimuqumsmLmuqﬂimﬂﬁ
ATIATNLNUN LY (gﬂﬁ 16-33) ﬁﬂms’imﬁ:ﬁﬁagaLLa:ﬂizLﬁuammmwmsﬁuﬁuﬂuqm
anl,l,azqmma‘l,qui‘uﬁﬁﬂm LRZILEWE WHANTINA R IRINTNE uaﬂﬁnﬂﬁﬂi‘ivl,@i”mmwﬁa;ga

4 Y @ o o Y { & ' vo o Ao

qﬂsmamLmuLﬁ'a’L‘mﬁumagammuﬂi:mawa’l,ugmmagaﬁﬁswulm uazlFdnIunA9e
' A '
daLihasdalyl

Namﬁms’lzﬁamsnmwmom‘sﬁnﬁufﬂuqn‘s

IINNIITIUIN uﬁaga vlﬁﬁ’]ﬂ/ﬂﬂaﬂﬂﬁﬁﬂﬁiﬂitwﬁﬂNﬂLLﬂSﬁ’?Lﬂi’]Z‘ﬁN ANTENUVIRILIARDN

L% 9@NIA @iaaminmwmiﬁuw"'uﬁfﬁgnﬂuﬂs:mﬂvlmﬂ ldnaminaaas asit
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ADALBINTTORU

T@maﬁuqmanLLa:qmmalum{uﬁﬁyﬂﬂmwuLﬂ@Iuluﬂi:LwﬂVLm § TB 11.3x2.9
BA 1.2:2.9 MF 2.2% SB 7.3% Wazduananinduy 9.5+1.9 @ @197 11) gﬂﬁ 36 LEAY
MIUANUAIANUADES TB WU 25% maoqmﬁﬁmaa@ﬁ TB > 13 e luwmei 10% maaqnsﬁ
[naaaail TB = 8 69 (gﬂ'ﬁ' 36) lagiady gnyandl TB 10.742.9 @1 suudgnIdneuyias 2 3-5
Waz = 6 8 TB 11.3+2.9 11.7:2.8 Uaz 11.1:2.9 MMU&AU IusIulgnIw Smuasen

'
et v A

U 0IRALNITNAREA TB BA SB MF Lm:?ﬁ’]mugﬂﬂzhumiamaﬂluu@iazm{wLLa@olumsw

ﬁ 10 Lﬁa\‘]"ﬂ']ﬂWUﬂI’]Ta(ﬂg@lﬁaﬁaﬁm’](ﬂ%’]ﬂ (missing value) I%GT’JLLﬂsﬁ%luLLUUﬁi’]aaﬂﬂ'Naaa
o \ o =2 . o ° a ) R o A <
maaaﬁnﬂu&l’qﬂi 33 a1 (04%) 'i]\jvlllgﬂu']l]']ﬂ']u'lm ﬂ']i')Lﬂi']rﬁ"ﬂaaﬂﬁ]\‘i'ﬂqﬂuuqﬂiﬂﬂﬂwﬂ

8,100 617

a aa A A s ' 6
AN 11 FOGALTINIITWY  (meanstSEM) °ll8\1alﬁiﬂﬂ’w\lﬂ’]iﬁﬂwuﬂ%LLllijﬂiﬁ]’]ﬂW'ﬁ&lf,jﬂﬁ

1 4 WSy ludsznalneg senin9d a.a. 2006 59 2008

fauds WS

A B C D
FIWIRUAUFNT 2,201 3,327 1,862 743
UINATON 6,538 10,254 6,234 2,809
RGN 3.4+0.03 3.240.02 3.840.03 4.020.04
ﬁwuaugnqnsﬁamw@iaman 11.2+0.03 11.2+0.03 11.4+0.04 11.9+0.05
hwugngniifiadantan 10.0£0.03  10.1£0.03  10.3%0.04  11.0%0.05
Qﬂ@]’]fJLLiﬂﬂaa@@iaﬂiaﬂ (%) 7.8+0.08 7.2+0.11 8.1£0.17 5.3x0.19
dufidansan (%) 2.4+0.08 2.6+0.11 1.5+0.09 2.3+0.12
WIUINALIBNGDAIAN 9.4+0.03 9.4+0.02 9.620.02 9.7+0.04

5’I%'J%§‘ﬂ§!ﬂiuiﬂﬂaaﬂﬁ%ﬂ8dﬂ (TB) Az INYNANINTIA (BA) AaAtan

U9sufifinasa TB uaz BA ugaslua1snon 12 uaz 13 kanmsanmsnuin W 9 09Ny
Uaz S19UTa9 ﬁﬁﬂﬁwaamaﬁﬁfﬂﬁm@@iaﬂ% TB uaz BA (a13197 12) lasiady TB (lease-
squared means) HuusagIznINg 11.0-11.8 uaz BA Wuudsagizning 9.0-10.9 drdansan lu
JTRINILARZNITN (P<0.05) W1sN C uaz D WU 1win TB uaz BA unaninlunisy A uaz B
(P<0.05) Tooiade LL&iqﬂﬂumﬁuﬁaqLLsm:ﬁ TB ez BA ﬁamﬂ’hquﬂﬂuﬁm‘"uﬁaaﬁ 2 Uay 3-
5 (P<0.001) LL@iVinﬁmwsJLL@m@mﬂ”uaU'Nﬁﬁfﬂa‘hﬂ”muijaLﬁﬂuﬁ'ml,&iqﬂﬂuéﬁé'uﬁm > 6 (P=0.4)
Togadanuin LL&iqﬂﬂuﬁ’]@Tuﬁaaﬁ 3-5 { TB uaz BA qaﬂ’i’]LL&i&;{ﬂﬂuﬁ’]@TﬁJﬁ'ﬁ]\‘]LL‘iﬂa%l; 1.0 ey

1.0 @/aTen (P<0.001) Aus1AU
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18

16

14

12

o
o

10

J98a

1 3 5 7 9 11 13 15 17 19 21

5ﬂ%1%§ﬂ§ﬂidaﬂiaﬂ

311 36 InANLAIANNATINUINGNIABATEN (n=25,835 ATEN)

o a

t:l Y o Adaa a ' o & 1 Aa '
MN1319N 12 ‘]J'i]"ﬂﬂ‘l’]&la‘l’]ﬁ‘Wﬂ@la'ﬂﬁu’)uaﬂqﬂitmﬂaﬂ(ﬂ‘ﬂ\‘lﬂwﬂ@laﬂiaﬂ (TB) mmu@nqﬂmmma

avan (BA) é’@mumaagﬂqmmﬂLL'ﬁﬂﬂaamiamaﬂ (SB) uazsasInTadNldansan (MF)

1938 B BA MF SB
R <0.001 <0.001 <0.001 <0.001
99ma <0.001 <0.001 0.68 <0.001
i <0.001 <0.001 <0.001 <0.001
CRIIIER <0.001 <0.001 <0.001 <0.001
CRUITRRMHRE 0.001 <0.001 0.03 0.54
dnama <0.001 <0.001 <0.001 0.09
whinrgama <0.001 0.003 0.05 <0.001

losiads udgnifianaalutingiond TB uaz BA fgniuignifinnaalugiingru
(P<0.001) uazf@#®1? (P<0.001) WavaIngNIada TB ANNEALTBILEAI AN 13 aw
. ' A . ' . A A .
LANGNVDY TB s:mnq@wmwwalmmqma’nmnm’ﬂ,mmqmma (@3797 12) lasiady wal
qnﬂuﬁm"’uﬁaaLLSﬂﬁﬂaa@‘lumm@%uﬁ B u’mmf']LL&iqﬂsmaﬁﬂaaalummgsJu UATNANIU
8¢ 0.7 uaz 0.5 ¢ (P<0.001) @NEGL wn19aTidna Ltﬂqﬂsuﬁﬂuﬁ'}ﬁuﬁaqﬁ 3-5 NAR0
1wﬁamg§auﬁﬁhmu§nqﬂimﬂn’hLszqﬂmNﬁﬂaa@sLquNu uazfQEuId 0.3 uaz 0.2 67
(P<0.05) ¢MU&IAU (17NN 13) andwazavnenIada TB uaz BA ﬁuwulunnﬂﬁuﬁ
o =2 A ' <A A A P \ o \
msdnw (3UN 37) atnal3na mmgmmmﬂawﬁwamamgmaummLmﬂmoﬂuvlﬂlmmaz
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WSy nafe ANNLAN@1IUed TB lwﬁam@%"au LLazqgvxmﬂuWﬁu C ag’ﬁ 0.3 ¢/ avan
Tupniznluvs B wu 0.7 da/msan (3U1 37)

¥ o Ada Ada

M319n 13 Uaapnd niwadadwingnanidansan (TB) uasdwugniiiadansan (BA)

RLRIS NN

ﬁ‘hmugﬂqmﬁmm@iamaﬂ ’{hmuﬁﬂqmﬁ%%@iamaﬂ
RAUYIDY 1 2 3-5 6-12 1 2 3-5 6-12
wWsu <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  <0.001
09Na <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.003 0.04
i 0.06 <0.001 <0.001 <0.001 0.07 <0.001 <0.001  <0.001
D agna <0.001  0.01 0.13  <0.001 0.006 0.004 0.02 <0.001

‘V\Iﬁu*qgma 0.28 0.51 0.56 <0.001 0.003 0.36 0.89 <0.001

19sufifiantwade TB uaz BA IuLLﬂﬁgmmﬂfmetﬂﬁa whin 0aMa uazAMUFINUE
wwind Auggna (P<0.001) dnduluwignisny  anuduRBsEniwie wezngmad
dndwada BA atdwlivdan (P=0.003) ud kiddniwada TB (P=0.28) las TB Tuusgnyaniiiu
wilyogszning 10.7-11.6 éﬁ/maﬂwﬁamg%au LL@:N”%LUJ?@JQ?:MN 9.8-10.8 GGaATON M4BT
99du BA luwignisnddwingigalutiangiaulunnniiy LL@i@%’]Q@IWﬁ’Nﬂ@N%FL% 3 M3y
LLa:ﬁwqﬂlumm@%ma 1 whin BA luuwdgnisnduudsagznin 9.7-10.7 dumsen luting
70U UA8.8-9.66/A7an lu1nQHu

SAd IV IANA (MF) UazaNgNIALUINARDA (SB) GanATan

Uasefiinade MF was SB usaslumsnei 11 wansAnwawudn MF N"’%LLUS@Q?:MN
1.6%-2.7% Uaz SB HuULTag52WIN 5.1%-8.2% Iuszwinawiu (P<0.001) luszninad MF eu
uily0g3zning 2.0%-2.6% sz SB N‘"uLLUiagjide 6.8%-7.5% (P<0.001)

Tagiads LL&iqmmaﬁﬁhmu MF gaﬂ’hl,l,&iqﬂﬂuﬁm”uﬁaaﬁ 2 3-5 U8z > 6 (3.1% LNgU
iU 1.7, 1.8 UaT 2.4% ANE10L) (P<0.001) MTIHUINUIIANNE MF (Fmsuasaniisl MF agns
woe 1 A7) LLa@ﬂugﬂﬁ 94 dmiugnidudolunndraurias Silns 2.3% 7851191 MF 91-100%
lugnssnany 5% 7§ MF 91-100% lunsan dasiuvasasanid MF énin 20% Suwiliuias

X y Ca -
gwu’l,umm@iaumnmﬂwmm@Nu wazngnu (U1 38)
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311 37 AMURKLLIVDINAMAFDTIUIUGNENT (least-square meanstSEM) auATy, O

different superscripts within herd differed significantly (P<0.05)

1200
1000 -
800 - m 520
el
@
€ B 21-40
x 600
= B 4160
°@
400 m 6180
81-100
200
0

Hot Rainy Cool

311 38 mmmmmmﬁmaaé’mdmmaaﬁwﬁ@iamam‘huunmquma



S m

8

§ m2

]

o m 35
6-12

Hot Rainy Cool

31 39 enuBLlTIaIngMAdaFad VDY mummified fetuses danTan (%) AWAALTDY (1

2 3-5 ey 6-12), ® different superscripts within season differed significantly (P<0.05)
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m1

kLG
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M 35

6-12

Hot Rainy Cool

311 40 enuinLlTIRIngMAdaFAdIUY stillborn dansan (%) MudauYias (1 2 3-5 uaz

6-12) ® different superscripts within season differed significantly (P<0.05)
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anfwavasngniada MF LLa@alugﬂﬁ 95 anuFNNUSIzwIIngMInUWTN ngnanud
wazngnanuiauiaslaniwaainadiiodanyda MF (@997 12) %oﬂa%ﬂwamam@ma@ia
MF ﬁmmw”uuﬂs%uagjﬁ'uﬂﬁw 1 uazdrauvias @289 Tw luLL&iﬁgﬂsmaﬁﬂaa@‘luﬁam@tJu,
LLazqgvxmawuiﬂﬁ MF mrlmfﬂLszqﬂﬂué’m”uﬁaoﬁ 2, 3-5 (P<0.05) Tuwmei linuanuuandis
289 MF IuLL@ia:é’m‘"uﬁaﬂuLinqmﬁﬂaamiwﬁam@%"au (P>0.05) (gﬂ'ﬁ' 39)

Touiade wiignsludraurios > 6 wu SB gaﬂﬁf%mﬁgnﬂuéﬁﬁuﬁaoﬁ 1 2 Uaz 3-5 (9.5%
WAL 7.1%, 3.5% WAz 6.8% aWdA6L) (P<0.001) BnTWaNngmMada SB LLam‘lugaJﬁ' 40
Touiady SB luLL&iqmﬁﬂaa@lummﬁau Nib LRZAWID agjﬁl 7.6% 7.2% W8z 6.7% UG
LLaJ'qmﬁﬂaamlm’amg%auwuhﬁ SB gx‘iﬂ’jﬁLLﬂEZﬂiﬁﬂﬂ@@l%ﬁ’Nﬂﬂ%u’]’l (P<0.001) 8&n4b3na
mmé’mw”uﬁ{i:ﬂiwqgmaﬁ'uWﬁuﬁSﬂ%wa@ia SB (P<0.001) Wiufi aNBWRIINNYMAAATINIL
sB uanadsniwluluudszwnsu Tasads SB lunhsu A, B, C uaz D agjﬁ 7.8%, 7.5%, 8.2% W&z
5.2% §IURIAL ANULANGNUEY SB i:‘mhm@%maﬂ”qu%aulumi‘u A B CuszD ag]'ﬁ'
0.3% (P=0.9) 0.4% (P=0.9) 1.8% (P<0.001) uaz 1.0% (P=0.8) MNFAL BnTwazasngniace
SB fiannuassafinuluudazdnaurias (P=0.5) lunﬂﬁm‘”uﬁaa mmﬁﬂaa@‘lummg%uwu
SB ﬁ‘hmugaﬁ'q@ lumm:'ﬁ'mslﬁmaamlm’quvxmawu SB @‘i’ﬁﬁ'q@ AMUUANGIUDS SB
sEwisngiaunungnuegil 0.8% (P=05) 0.6% (P=0.9) 0.6% (P=0.6) Uaz 1.4% (P=0.04)
FNTLAAUTDIN 1 2 35 uaz 6-12 auEIeL anuavaingmasia SB anuadaafaiulu
usinzl na1afa SB gaq@lumaqqﬁ”aw,l,az@ﬁ’lq@slumaqgﬁm’mamﬂﬁlmm 3 1 wusaaI %Y
SB N”umhagjimm 6.7-6.8% (P=0.9) 7.1-8.1% (P=0.03) W8z 6.6-7.6% (P=0.02) luLLﬂqﬂiﬁ
ﬂaaﬂlumm@%ma Tou uazH® ausIau

3N 14 TNUINFNIUINARDANINUAGEATAN (least-squares meanstSEM) $UnNANA

qgmaﬁﬁmaa@
f1aUTI89 TIUIN 0930w 0o 0ARU7 U
1 5,325 11.2:0.07°  10.5:0.07°  10.7:t0.06°  10.8:0.04"
2 4,807 11.7:0.07°  11.3:0.07°  11.2¢0.07°  11.40.04
35 10,941 12.0:0.04°  11.7:0.04°  11.8:0.04°  11.8£0.03°
6-12 4,762 11.3:0.06°  11.0:0.07°  11.0:0.07°  11.1:0.04"
Pt 25,835 11.6£0.03°  11.1:0.03°  11.2¢0.03°  11.3x2.8'

. ABC
)

** Different superscripts within rows differ significantly (P<0.05); ® Different superscripts

within columns differ significantly (P<0.05); 1 Means+SD
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HAUBIQMNY A ANMNBHINANES Uaz temperature-humidity index
@hLaﬁiwadqmwnﬂﬁi:mnﬁmiuﬁaoﬁwa@ia TB (P=0.001) BA (P<0.001) uaz MF
(P=0.03) udlifdnada SB (P=0.4) anwdIWUSRnIWgMrndnuaUrinIdanTwaatail
wodAtyda TB (P=0.03) BA (P=0.009) uaz MF (P=0.03) WwazAMuFNWUTIzAIvgunndny
viulidnSwaadaduadanda TB (P<0.001) BA (P<0.001) MF (P<0.01) uaz SB (P<0.001) lu
TRINIAUY DI WUNIIRAITEY TB 0.2 62 (P=0.03) Laz BA 0.2 @3 (P=0.02) Lﬁiaqmvmuﬁmﬁu
lui:mqamaﬁuﬁauﬁm‘i{mm 25 il 28 aseiwaidus SnSwaresgmngiide TB BA uaz MF
WANANIABIUIERININNTY LazudazEaLTiDg El,uLLaiqman WUMSTRNAUTE9 MF 910 2.2% 1w
42% \legumgladeluszwinsmsdurionfiviuen 26 1w 29 esmwadus (P<0.001)
lumm:ﬁqm%nuﬁszmwmaajuﬁao"l&iﬁﬁﬂﬁwa@ia MF sluﬁm”uﬁaaﬁgaifu (P>0.1) lunsu B wu
TB aaada1n 11.3 @/asan 1du 10.4 @a/asan ijaqmunﬂﬁmﬁﬂuﬁwéjuﬁauﬁuifumn 29 1du
29 admwalduR (P<0.001) ‘Lummzﬁqmwnﬂﬂsjﬁﬁwﬁwa@ia T8 luwsu C waz D dnfwaves
qmﬂgﬁmﬁﬂlumaﬁwﬁaam B ‘luu,@ia:&im”uﬁao"kﬁmmﬁ’lugﬂﬁ 41 Gﬁomﬂgﬂwmﬁ answa
°11aaqamnuﬁmﬁﬂlumoé:uﬁaawu"lﬁL@iuﬁ'ﬂluﬁwa°uﬁaau:iﬂ

12.5
a
12 a o a a
a
< a
8 115 ar 1 -3
e L 1 ar L f
I PR T .
e a a P2
g ab
5 a —O— P35
2 105
og b b
e P6-12
10
95 T T T T 1
25 26 27 28 29

'
a =

gamnaiadaluieaamias (°C)

39 41 Na"uaaqmwnﬂﬁmﬁalmwdwﬁwé’wﬁawia’{hmugﬂqmt@iamaﬂ (least-square means

I+

S.E.M.) ausautios (P1 = snauriasusn, P2 = S16UI7 2, P3-5 = §1auviosfi 3-5, P6-12

é’]@ﬁ_lﬁ/adﬁ 6-12); alOdifferent superscripts within line differed significantly (P<0.05)
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mw%ué’uw"wfmﬁiﬂmwhaﬁuﬁaoﬁﬁwﬁwa@ia TB (P<0.001) BA (P<0.001) W&z SB
(P<0.001) ua'laidianswado MM (P=0.3) anudunuisznintsenuusunninudeuriosinade
TB (P=0.003) BA (P=0.005) Uaz MF (P=0.01) LazAnuauR#EsznINInnuTuaunnsiuwsug
anfwaanifituddnsa TB (P<0.001) BA (P<0.001) waz SB (P=0.04) latiads WUNIIaAad
299 TB 0.8 62 Uaz BA 0.7 62 Lfia@mu%ué’uw”ﬂﬁmﬁmmﬁamaa:“uﬁam'ﬁ'w%umﬂ 50% Liw
80% (P<0.001) Bniwauasanuiusuwnide TB, BA uaz MF uanesrwlluusdaznnsy uay/
wiaudazaeuries MF lugeuriasusniinduain 2.2% 1 3.8% onnuduaunniiuin
90 60% i 70% (P=0.002) uslinwuludduriasan 9 (P>0.05) luszwinewin Wonnudn
é’&lw"'ﬂﬁszmwmaajfwﬁaal,ﬁmfm’m 50% L% 80% WUMIaaaITad TB 0.5 1.6 0.8 uaz 0.3 @2
lurrsu A B C uay D anud1au Sﬂﬁwamaqmm%ué'mw”ﬂﬂm:wmmaa;]”wﬁawia B luudaz
CRIINOE "L@TLLa@dlugﬂﬁ 42 Gfomﬂ;sﬂ szinldindninavasanuiuaunnifanutaanlu
saurtasusnunninluiauriesi 2 3-5 uaz 6-12

dLady THI luszwinsgaeduriosdaninasa TB (P<0.001) uaz BA (P<0.001) ud laid
dndwade SB (P=0.19) uaz MF (P=0.06) ANNRNWHEIZAI19 THI nuaaLYiaslidniwada TB
(P=0.05) uaz BA (P=0.02) UazAMUANNBTIZHIN THI nuwriuiianiwaadelngdnnee TB
(P<0.001) BA (P<0.001) uaz SB (P<0.001) luszwingdaurias wu TB aaad 0.3 61 (P=0.01)
e THI Laﬁlmlumﬁm’ma;]”uﬁaol,ﬁwifuﬁnﬂ 71-72 \Ju > 81 8nFwaves THI 6o TB BA Wa2
SB uandwnuluudssiisy uazmisudszdrauras luszninanndy Wa THI Tusewinegaedu
voaRuduan 71-72 1lu > 81WuN1sanadued TB 0.4 @2 (P<0.001) luviu A uas 0.9 salu
W3u B dwlurniu C uaz D liwudniwasdsdnodanuas THI da TB (P>0.05) anSwavad
THI Tugasszninedurinsda T8 luudazdraurias LL&@GluEﬂﬁl 99 Gavinlatainaninavas THI

FANUTALIWIWEIAUNDILINUINAINENIAUTTEIN 2 3-5 LAY 6-12
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-
N

(@]
Q)
R
1
Q) Q
HO

=
@
s ' = a I
-2 a Ta —8— P1
£ 11 a _;;\ =
g a \ P2
@7
& b —O—P3-5
S 105 b
£
: \ 5612
10 <
95 T T T 1
50 60 70 80

aNuBuaNNNsIaa g luganias (%)

3N 42 Na"uaa@mu%ué’uw”wﬁmﬁﬂmzwhaﬁwﬁuﬁawiaﬁ‘hmugnqﬂwiaman (least-square
means = S.E.M.) @us1auviad (P1 = 819Ua9uIn, P2 = §1aUviadN 2, P3-5 = 81aUYiadN 3-5,

P6-12 = é”]@ﬁ.lﬁ“ﬂdﬁ 6-12); alDdifferent superscripts within line differed significantly (P<0.05)

12.5
12
g 11.5
= —— P1
.11
\g P2
g?
S 105 —O=—P3-5
G
—— P6-12

10

95 T T T 1

71-72 73-78 79-80 >81
Temperature-humidity index a@glwg193zWinaatias

= e A . P v e .o
35U 43 wavey temperature-humldlty index Laaﬂlu‘mﬁw’mqamamammuﬁﬂqmmnﬂaam

u

(least-square means + S.E.M.) @us1auviad (P1 = s1aUviadusn, P2 = §1aUviadn 2, P3-5 =

§aurasfl 3-5, P6-12 = §auriasi 6-12); “different superscripts within line differed
significantly (P<0.05)
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DAL IANDA

NANIANBUIBIAWNLITAINY 8ATINTHINAR DAIINITUII WAL AATITIANDA LA
1u3ﬂﬁ 44-47 (preliminary results)

10
9
8
7
()]
0o
S 5
[=
8
s 4
a
3
2
1 .
0
Return to Abortion Not pregnant Cull
oestrus

3N 44 memm@lmaqmmﬁumm’lumsg’fwﬁawaauaqu (n=30,058)

M Gilts = Primiparous sows Multiparous sows
18
a
16
14
g 12 X
& 10
£
3 8 c
& 6
4
0 N e
Return to Abortion Not pregnant Cull
oestrus

zﬂ‘ﬁ 45 LLﬁ@‘IGﬁ’]L%@J‘DﬂGﬂ’N&IﬁNLﬂﬂ?l%ﬂ?iiﬂﬁﬂdﬂﬂdiﬁﬂiﬁ’]’) LL&iqﬂiﬁﬂdLL‘iﬂ LLﬂZLL&iEﬁﬂi%’N
(n=30,058)
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a
a
85 b |
ab a
® g0 a |
% C
® 75 b —  EHot
3 Rai
4 a  Rainy
5 70 - —
L Cool
65 - —
60 - T T
Gilt 1 2 3-5 6-14
Parity

3111 46 é’@mmswaua@‘luqﬂima u,a:u,aiqns‘lmwia:ﬁm”uﬁao LN QNANEN IO NNEN
(n=30,058)

12.8

12.6

12.4

12.2

12

11.8 -

11.6 -

Total number of piglets born/litter

11.4 -

11.2 ~
11.0-13.5 14.0-16.5 17.0-20.0

Backfat thickness (mm.)

gﬂ‘ﬁ 47 Namaoﬂ’nwmvlmu”uﬁ'u%ﬁbL:ﬁawauw"’uf@iaﬁimmgﬂqﬂmsﬂﬂaa@ﬁ'mm@iaﬂ‘iaﬂlu

qﬂiﬁ']’)
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unn 5

A 6
un mqﬂ LRZIITN

nM3ENgIBIgRnipasansa lwdszmalng

mnﬁwgﬁ'wLﬁfyw”ufmaaquuﬂ”u aghd s waz USanacludulusieme (Karlbom
et al., 1982; Le Cozler et al., 1998b, 1999) miﬁﬂmftwudwqmmaLﬁﬂg&fmﬁtyw”ufﬁmomq
2wl 188-241 T lasdianuudsdriusninmhin deutegs nsdnsgnisnuiideini
1u1]izmﬂvl‘ﬂﬂﬂ'au%ﬁwfﬁuﬂﬁuqmuﬁwﬁawuiﬁqmmaLiﬁgji’ﬂL%%fyw”ufﬁaﬁﬂq 196 u
(Tummaruk et al., 2007) a&19l3na mqﬁm‘ﬁgji’mL'cn%tyw"'ufluﬂi:mﬂvlwmzﬁmiwqﬂimaw”uf
Lﬁmﬁ'ulusqliiﬂ (Karlbom et al., 1982; Bidanel et al., 1996) lumiﬁﬂﬂﬁﬁwui’]qmﬁmquLLGm@hd
funnidenumadudansiuanluudazrifu MMNTBYIIUNUTNTIN ANUULANGIBENININUDS
mquﬁiaLﬁﬁgﬁﬂL%?@W”%ﬂuqﬂiaﬂaﬂa%ﬁaﬂawwLﬂu"l,ﬂ"l,@”l,umsw”@umé’ﬂwmuawwwaoﬂéju
Urzmnignasniluudazgy agelsfionn dmTugnasnawuinay LY 1%W1§wqﬂsﬁL§ﬂas:uu
q@m%mmm&ﬂﬁuﬂ'\i@Taaﬁmiﬂ%'uﬂ;aiwumn??m Tasawztspfifisarumssanisnay
gy ﬁau%ﬁﬁf:mﬂﬁmﬁa”uﬁaﬂ%a”uﬁLﬁmﬁ'umiﬁ‘i'@miﬁﬁwa@iamﬂﬁﬂgp‘"mﬁtyw”ufmaaf;mi
817 LLa:VL@Tﬁwuwlﬁ‘lun’ISﬂ%'uawﬂqujawumnﬂué'@ﬂ%LLsﬂluqﬂimﬂﬁﬁiﬁ \T% NMII@NITIZUL
133138 (Grieger et al., 1986) nMImuguaANATuTUsatuanluily (Malayer et al., 1987) N3
AILANTANNENITBILES  (Ntunde et al., 1979) ULazMIFUNINUWBANT (Van Wettere et al.,
2006) luilszinelng qm%nﬂﬁmyuaﬂﬁ'gqLLaz/vﬁamm%uﬁgamaLﬂuﬂavl,ﬂﬁwﬁmﬂumiﬁﬂﬁﬁ@
m’mLmﬂ@m@'f’mamsnn’IWﬂﬁm'*%@LaﬂmazmqLﬁawumnﬂué'@ﬂ%l,nﬂ qmmaﬁﬁé’mwms
LﬁﬁrgLauim‘i’w:ﬁmqLﬁaNam%LLiﬂmnquqmmaﬁﬁé"@iﬁmim?@Laaﬂmga (Tummaruk et
al., 2000, 2009) m‘sﬁﬂmﬁau%ﬁwﬁ%‘lﬁlﬁm’]qnsmaﬁﬁwg’i’mLﬁ]‘%tyw"'uﬁ"l,@i”l,%w,ﬁtyLauim‘?’a
NN LLa:ﬁm’]wmvl,w”ué'wé'w*mﬂ’hLfiaLﬁﬂuﬁ‘uqﬂim’sﬁlﬂwgﬁmLﬁtyw”ufﬁw (Nelson et al.,
1990; Tummaruk et al., 2009) uanawnﬁqmmaﬁwﬁmmnLLajw”ufﬁﬂ”@LﬁaﬂLLﬁmfﬁﬁﬂﬁiLﬁwgﬁﬂ
L?ﬁrgw"'uﬁ:ﬁaﬁ]:ﬁa”mﬁﬂm,ﬁmuLﬁuimmnﬂiwqﬂimaﬁgﬂﬂ”@LﬁamLﬁaiﬁﬁmiL‘iﬂgfﬂLﬁryw”uf%ﬂ
(Nelson et al., 1990)

mqﬁwumilﬂué’@ﬂ%LLiﬂmmimhma@mow‘”uﬁqmmvlﬁﬂizmm 0.3 (Rydhmer et al.,
1994; Rydhmer, 2000) miﬂ”@Lﬁaﬂq{mmaﬁﬁé"@ﬂmim%ﬁyLﬁuimng"ﬁaﬂlﬁmql,ﬁawummﬁu
fansausnitouas (Rydhmer, 2000) athslsfians msﬂ”@Lﬁaﬂqﬂsmaﬁﬁé’@ﬂﬂﬁw%mLﬁﬂ@gq
aravilianusansalunisugainisiufisanas (Rydhmer et al., 1994) mm"‘mﬁaﬂqﬂsmaﬁﬁ
LﬁaLLmummﬂﬁ]zddNalﬁquﬁawumiLﬂuﬁm%LLsngaﬁmﬁﬂﬁau (Rydhmer, 2000) luwans
mtﬁmaamsﬁﬂmﬁmmnﬁwgﬁmLﬁ]‘%tyw”ufmaqqmm'swmwﬁfﬂ%@ﬁﬂwﬁaQamn%lﬁw‘i?aa’mﬁ

Lﬁmmqtﬁaﬁnmsmam%ﬁnmﬂ ﬂ%mqﬁﬂaa@gﬂﬂ{amn ﬁmsﬁﬂmﬁ’]muﬁaslmﬂﬁa]zﬁﬂl”aga
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a @ @ & v @ a o & A Y <&
Lﬂﬂ?maﬂﬂuaqﬂqLNaLTqiﬂjULQ?IUUWHE LLﬂza']U‘ILNQWUﬂqiLﬂuﬁ@ﬂiﬂLLiﬂ (Tummaruk et al., 2007,
2009)

lurhsugnsniasaduszuugamwnaa nssamIgnasuduisdayniludu
U ENEAWN W UURURUELAEN WA MATHENT asuadinswuhgniafitianaflaild

Nawﬁmmamuﬂiﬁqﬂﬂwmﬁulunﬁjuﬁu6] (Dalin et al., 1997; Lucia et al., 2000) ludszinalne
gnIgInaunudasldiag 2-3 ieulunsviiiadu msdiuaniw waznssuanuWagnInawgn
dludilsaSeunan  aolsfiow mssamislugas 23 Weuildrliduanauszwinonsu
laglawiznslianuauladiun1iasadauaznMIsuHEnuWagny Nelson wazame (1990) Wui
qﬂsmaﬁgﬂﬁ'@Lﬁaﬂlﬁﬁmqﬁmﬁgﬁ'mﬁzgw”ufﬁa (185 ) wddwiuasandauiganit uazaz
lﬁgﬂqmﬁ%ﬁsmﬁufuﬂizmm 1 éﬁ@iamaﬂLﬁaLﬁﬂuﬁ'uqmmqﬁgﬂﬂ”@Lﬁaﬂlﬁﬁmqﬁmﬁqfﬂ
WIYWUTH (239 )
ﬂ']ﬁﬁ]”ﬂﬂ%f?’lﬁtﬁmwnuLLazﬁ’naumTagamaoqﬂsmammehmuumluﬂszmﬂ"l,m M3
Lﬁmmmwﬁagam&hﬁazmﬂ‘lﬁmmm 1°1?Lﬁul,l,mmomsl,ﬁuﬁ'ﬂﬂmwmaaqmmmmmu T
sasTuausInnmwnkdagnilulssnelneluszozen ussillainasulumsnaunugnisn
andu Anslunsmunatoys any #winaa waz sanmsesadvla sdraduszuuesily
VL@Tﬁagaﬁlﬁ‘lumsﬁ'@LﬁanqﬂsmLmurﬂ”wQoﬁﬁmmgmua:wamaamﬁé’mﬂ'&mmmﬁﬂﬂ;ﬁms
myhldszgndldnuldlasassluniugns Lﬁaﬁﬂﬁmiﬁ]‘"@mwlﬁuLLst"ufﬁﬂizﬁﬂ%mwﬁ%u
myaspitladifiumsagnsdaiiasunanlassmsnawning (Tummaruk et al., 2007, 2009) L&z
'«ﬂ:ﬂ'@@hLﬁumiﬁ@mmaNﬁmmaoqﬂﬂmma:Wﬁuazm@ial,ﬁaa Lﬁamiwﬁmqﬂﬂuﬂs:mﬂ"lm
LLa:FLummyaulﬁﬁamsnmw‘lmﬁﬁmﬁuquﬂLLa:aLw%m maamumswﬁm"ﬂagafﬁqmmsn‘lﬁﬁu

LRAID19IN9ITINTTY aomiwﬁmqﬂﬂuw@%"ami a 'l

HATIANINNIINITUNKS IFNIEINazHAIFNIU

nansAnm lausasliiiuidmuasenamaidn (TB uaz BA) lugniann LLazﬁgﬂimoﬁ
doslumhsuszuudaludsamealnasumasanvldluontiwesd  Semaaadsanunsdnmn
ﬂ'auvsﬁﬁfﬁuﬂ3:°mﬂiqmw°'u§uﬁluﬂizmﬁvlmU (Tantasuparuk et al., 2000; Tummaruk et al.,
2004) at9l5Aa mummaﬂmaoqﬂsanLLa:LLaqumolumiﬁﬂmﬁ (11.3 TB uaz 10.2 BA) i
gaﬂiﬁﬁﬁiﬁﬂmuvlﬂuﬂi:mmqmw”uﬁ:uﬁ L uaz Y ludsznalng (94 TB uaz 8.7 BA;
Tantasuparuk et al., 2000; 9.9 TB uwaz 9.0 BA; Tummaruk et al., 2004) mmu@m@i’mﬁmﬁl
LﬁaammnNaa’mmiwawﬁmmslw”uf %oqmmaLLa:qﬂsmad’mlmylumsﬁﬂmﬁﬂuﬁufwaw
LY 5ﬂﬁ?ﬁ5111mfﬂLﬂuwaLﬁaommﬂﬁwfwavmﬂ’]iﬂ%‘uﬂgaw"'uqn?mlw,‘%"awm@maﬂmaoqﬂﬂu
Uszinalnudnals (Imboonta et al., 2007)

Tunsénsnit s1uam TB usz BA gaﬁ'q@] wu‘lﬁ’lmmgﬁﬂsﬁlﬂmaaﬂlummgé”au e
VHEHGLE LL&iqmmmﬁgnwau LLazmgoﬁaa‘lummg%ma lasandaenusvesinludszine
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Inofiauinnuaseansd (12¢1 dlug) Gnfwazasngmadeswantenlutinalnadiulng
91NN UAZ/MIB AT (Tantasuparuk et al., 2000; Suriyasomboon et al., 2006) &
nmsdnmnaunthilugasliiiwiianuaioaangmngiigs  (heat stress) lusznitaasrias
sanndsuulasszundenliveniinadeszuuFunusla lasawnzadnidimisaiugu  luteal
. A A a & A o o A & o v o & & A
function Taanan30 lUfinaaaUSunaitaidavassisanluiud 16 VaINIAINEI e Akt 9ANE
lumansananas (Wettemann and Bazer 1985) luuila anaaisafiiaangmnn g laldd
] . 1 < 1 ] . . v A v Aa
Wa@a anthral follicle W¥inthih LAsIUNAGE ovarial pool ¥a4J small follicle @38 ‘ﬁ\‘lLﬁummqlmﬂ@
carry-over effects @@ follicular function (Roth, 2008) uana1n# Anarun1sdns lauaasliidinin
oocyte  fufivlannuilalusznivggiauiianusansnlunsw@unis  blastocyst  aaas
WRIIINNNIVT in vitro fertilization (Rocha et al., 1998; Al-Katanani et al., 2002; Bényei et al.
1 a o s J 1 ] v
2003) Tummaruk et al. (2004) WU WaTaIgMrdaIwIAATaNlUENIHITUBLTLTIVEINITEN
viasdae Trnaningangaquaiiouszidulutisduriasszazdu uananit Tantasuparuk et al.
v 1 QI &/ a $ L= 1 >
(2000) ugasliiAwimsRaduvesgmngil 1 aseoaidualunieiuluszninig 4 dlaviun
2240138079 demaliiian1Inaaiuedgnans 0.07 dvaten lunsdnmi gauwniadsluss
geuwndniluzingiau uazngiu 3.5 asruwadus uaz 3.1 asrwalfoy awdeL
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mysql> SELECT * FROM v;

+ + + +

| gty | price | value |
+ + + +
| 3] 50| 150 |
| 5] 60| 300 |

+ + + +

mysql> SELECT * FROM v WHERE qty = 5;

+ + + +

| gty | price | value |

+ + + +
| 5] 60] 300|
+ + + +
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values("'+pigid.Text+","'+ID.Text+",str_to_date("'+BirthDate.Text+","%d/%m/%y"),"+Breed
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do_query('Update in_register_detail set status = 40 where ID = "+ID.Text+"') ;
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do_query('Delete from in_register_document where doc_no ="'+ id.text+ "");
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SUMMARY

The aim of the present study was to use data from herds to demonstrate the degree of seasonal
influence on litter size at birth in gilts compared to sow parities 2, 3—5 and older (parities >6) in a
conventional, open-housing system for commercial pig herds in the northeastern part of Thailand.
Data were obtained during a 3-year period from July 2005 to June 2008. The data analysed included
observations on 25 835 litters from 8100 sows. Total number of piglets born per litter (TB), number
of piglets born alive per litter (BA), proportion of stillborn piglets per litter (SB) and proportion of
mummified fetuses per litter (MF) were analysed using a general linear mixed model procedure. The
influence of temperature, relative humidity and temperature-humidity index (THI) on TB, BA, MF
and SB were also analysed. The meteorological data were merged with the reproductive data and the
means of temperature, relative humidity and THI during 115 days before farrowing were calculated
and included in the statistical models. The results revealed that sows that farrowed in the hot season
had a larger TB and BA than sows that farrowed in the rainy (P <0-001) and cool seasons (P <0-001).
The difference of TB and BA among seasons was more pronounced in the gilt litters than the sow
litters, insofar as the gilts that farrowed in the rainy season had 0-7 TB fewer than gilts that farrowed
in the hot season (P <0-001). By contrast, sows of parities 2, 3-5 and >6 that farrowed in the rainy
season had 0-4 (P=0-01), 0-3 (P=0-003) and 0-3 (P=0-02) TB fewer than those that farrowed in the
hot season. In the first parity, MF increased from 0-022 to 0-042 when the mean temperature during
gestation increased from 26 to 29 °C (P <0-001). On average, a reduction of 0-8 TB and 0-7 BA were
found when the humidity during gestation increased from 50 to 80 % (P <0-001). The influence of
THI on TB, BA and SB differed among herds. When THI increased from 71/72 to >81, a decrease
of 04 TB were observed in herd A (P<0-001) and a decrease of 09 TB were observed in herd B
(P<0-001), but not in herds C and D (P>0-05). In conclusion, inferior litter size at birth was
observed in sows that farrowed in either rainy or cool seasons. High temperature, high relative
humidity and/or high THI during gestation significantly reduced the number of total piglets born per
litter. The influence of season, temperature, relative humidity and/or THI on litter size at birth was
more evident in the gilts than the sows. These data indicated that various strategies to reduce tem-
perature in the open-housing system for pregnant gilts and sows in Thailand are not adequate and the
proper housing of pregnant gilts should be emphasized.

INTRODUCTION

During the last decade, global warming has become
a major concern. Official data from the meteoro-
logical department in Thailand indicate that the

* To whom all correspondence should be addressed.
E-mail: Padet. T@chula.ac.th

environmental temperature increased during 1996 to
2005 and has tended to continue to increase. It is
predicted that the average temperature around the
world will increase by 1-5-4-5°C by the year 2100
(IPCC 2007). The increase of the environmental
temperature also has a potentially large impact on the
pig industry, especially for pigs that are housed in a
conventional open-housing system, which is the most
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common type of housing of commercial pig herds in
Thailand. It is well-established that high ambient
temperature and high humidity as well as a tropical
climate negatively influence the reproductive per-
formance of female pigs (Omtvedt et al. 1971; Love
et al. 1995; Tantasuparuk et al. 2000; Tummaruk
et al. 2004; Suriyasomboon et al. 2006). Common
features of the seasonal influence on gilt and sow re-
productive performance include prolonged weaning-
to-first-service interval, decreased conception and
farrowing rates, a higher rate of unsuccessful service
and increased embryonic loss (Omtvedt et al. 1971;
Wildt et al. 1975; Hurtgen & Leman 1981 ; Britt ef al.
1983; Wettemann & Bazer 1985; Love et al. 1995;
Peltoniemi et al. 1999; Tantasuparuk et al. 2000;
Tummaruk et al. 2000, 2004).

Assessing pig litter size at birth comprises a variety
of measurements including the total number of piglets
born per litter (TB), the number of piglets born alive
per litter (BA), stillborn piglets (SB) and mummified
fetuses (MF) per litter. A number of earlier studies
have revealed that litter size is influenced by season
and/or high ambient temperature during either early
or late stages of gestation (Omtvedt ez al. 1971; Love
et al. 1995; Rydhmer 2000; Tantasuparuk ez al. 2000;
Tummaruk ez al. 2004). However, under field con-
ditions, the seasonal influences on litter size at birth
are not consistent. The influence of season on litter
size at birth differs among regions of the world (Love
et al. 1993; Peltoniemi et al. 1999; Tantasuparuk
et al. 2000; Tummaruk ez al. 2000, 2004). A numbers
of factors may contribute to the severity of the
seasonal effects on the litter size. For instance, in
Sweden, season does not influence either TB or BA
(Tummaruk et al. 2000). On the other hand, in herds
that keep pregnant sows in a conventional open-
house system in a tropical climate, TB and BA sig-
nificantly decrease in sows farrowed during August to
October (Tantasuparuk et al. 2000; Tummaruk et al.
2004 ; Suriyasomboon et al. 2006). Determination of
factors that influence litter size at birth is important
for maximizing pig fertility in a tropical climate.
Previous findings demonstrated that season does in-
fluence litter size at birth in purebred Landrace (L)
and Yorkshire (Y) sows (Tantasuparuk et al. 2000;
Tummaruk ef al. 2004) and the severity of the effect
differed between parities and years (Tummaruk ez al.
2004). Furthermore, there was evidence that the high
ambient temperature and high humidity during early
gestation influenced the litter size at birth of gilt
rather than sow litters (Tummaruk ez al. 2004). How-
ever, components of litter size at birth (for example
MF and SB, as well as the severity of the seasonal
influences on the crossbred Landrace x Yorkshire
(LY) population) have not been evaluated. The cur-
rent study hypothesized that gilts are less tolerant
of the seasonal influence than sows. Additionally, in
commercial pig herds in Thailand, certain equipments

P. TUMMARUK ET AL.

(e.g. water sprinklers and fans) are commonly used
to control indoor temperatures in the gestation house.
The efficacy of these housing facilities to reduce the
seasonal influence on the reproductive performance
of pregnant gilts and sows has not been evaluated.
The aim of the present study was to use data from
herds to demonstrate the severity of the seasonal in-
fluence on the litter size at birth of gilts compared to
sows over parities 2, 3-5 and >6 in a conventional,
open-housing system for commercial pig herds in the
northeastern part of Thailand.

MATERIALS AND METHODS
Data

Data were obtained from four commercial pig herds
(A, B, C and D) in the northeastern part of Thailand.
The data included sows that farrowed during the
period from July 2005 to June 2008. The herd data
were obtained from the computer recording system of
the herds from January 2005 to December 2008. The
data included the sow identities, farrowing date, par-
ity number, BA, SB, MF, litter birth weight, piglet
birth weight and number of piglets at weaning. The
TB was calculated by summing BA, SB and MF
totals. The proportion of SB was calculated using the
number of SB divided by TB. The proportion of MF
was calculated using the number of MF divided by
TB. The robustness of the input data was assessed
and some data were omitted, for example zero TB
(n=3). The analysed data set included observations
on 25835 litters from 8133 sows (Table 1).

General management of the herds

The four herds in the present study were located in
the northeastern part of Thailand between latitude
14-17°N and longitude 102-103°E. The housing
facilities in herds (herd size) A, B, C and D were
available for 1200, 1500, 1000 and 500 sow inven-
tories, respectively. The number of sows and number
of litters included in the analyses are presented in
Table 1. The breeds of the sows were predominantly
crossbred LY, and were mainly bred with Duroc or
hybrid boars (PIC® Siam Ltd, Thailand). Conven-
tional artificial insemination (AI) was used for all gilts
and sows. In most cases, semen from at least two
boars was used for Al In all herds, gilts and sows
were housed in a conventional open-housing system
with a water sprinkler and fan; the boars were kept in
an environment with an evaporative cooling system.
The gilts and sows were kept in individual stalls dur-
ing gestation and in individual farrowing pens during
lactation. Herds A and C produced replacement gilts
within the herd using their own grandparent (GP)
stock (L and Y) and provided replacement gilts to
herds B and D, respectively. In general, the gilts were
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Table 1. Descriptive statistics (means + S.E.M.)
Herds
Parameters A B C D
Number of sows 2201 3327 1862 743
Number of litters 6538 10254 6234 2809
Parity number 344003 324002 3-8+0-03 4-0+0-04
Total number of piglets born/litter 11-:24+0-03 11-24+0-03 11-44+0-04 11-:94+0-05
Number of piglets born alive/litter 10-:0+0-03 10-1+0-03 10-:3+0-04 11-:0+0-05
Proportion of stillborn piglets/litter 0-:084+0-001 0-:0740-001 0-08+0-002 0-0540-002
Proportion of mummified fetuses/litter 0-0240-001 0-0340-001 0-0240-001 0-0240-001
Number of weaned piglets/litter 9:4+0-03 9:4+0-02 9:6+0-02 9-74+0-04

mated at >32 weeks of age with a body weight (BW)
of >135kg at the second or later observed oestrus.
The health of the herds was monitored by the herd
veterinarians, who advised on vaccinating the gilts/
sows against foot-and-mouth disease (FMD), swine
fever (SF), Aujeszky’s Disease (AD), porcine parvo
virus (PPV) and arthrophic rhinitis (AR), at between
22 and 30 weeks of age in replacement gilts, and
during late gestation (FMD and AR) and during
lactation (PPV and SF) in sows. Mass vaccination for
AD was conducted every 4 months. All herds were
porcine reproductive and respiratory syndrome
(PRRS) sero-positive herds, but no clinical outbreak
was observed during the period of study. In general,
the planned removal was performed after the sows
had reached parity six. Therefore, the number of sows
after parity six remaining in the herds was relatively
low. In the analyses, the sows after parity six were
pooled. Across the herds, on average, farrowing rate
(FR) was 81-9%, adjusted FR (excluded sows that
were culled after mating) was 85:3 %, proportion of
sows re-serviced after first mating was 0-94 and
abortion rate was 1-7%. The gilts and sows received
water up to ad libitum via water nipples. The feed was
provided twice a day (about 1-5-3-5 kg/day during
gestation and 5-0-7-0 kg/day during lactation). The
feed was based on rice—maize-soybean—fish base
containing 150—180 g crude protein, 12-13-13-39 MJ
metabolizable energy and 8-10 g lysine/kg. All of the
herds were visited monthly by the first author of the
study to monitor routine management and health.

Meteorological data

Outdoor temperature and humidity data were ob-
tained from July 2005 to June 2008 from an official
meteorological station within 100 km from the herds.
Daily 24 h average temperatures during this period
are presented in Fig. 1. The average minimum-—
maximum daily temperatures were 21-1-33-3,
24-4-31-6 and 17-9-29-9 °C in the hot, rainy and cool
seasons, respectively. The 24 h average humidity was

30~
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Aver age temperature (°C)

Cool

Hot Rainy

Fig. 1. Average daily temperature in a meteorological station
close to the herds.

68-3, 81-7 and 64-2% in the hot, rainy and cool
seasons, respectively. Temperature-humidity index
(THI) was calculated using the following formula
(Kelly & Bond 1971):

THI=DB—[0-55— (0-55 x RH)] x (DB —58)

where DB is the average daily temperature and RH is
the average daily humidity.

On average, THI was 79-243-46, 79-7+1:66 and
73:54+4-19 in hot, rainy and cool seasons, respect-
ively.

Statistical analyses

The statistical analyses were carried out using SAS
(SAS 2002). Descriptive statistics, including number
of non-missing values, general means and standard
error of the means (s.e.m.) were conducted for all
parameters (Table 1). TB, BA, MF and SB were
analysed by multiple analyses of variance (ANOVA)
using the general linear mixed model procedure
(PROC MIXED) of SAS. The mixed models were
formulated by including both fixed and random ef-
fects and wused restricted maximum likelihood
(REML) as an estimation method. The fixed effects
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Fig. 2. Frequency distribution of the total number of piglets born per litter (n=25 835 litters).

included herds (A, B, C and D), farrowing years
(1, 2 and 3), farrowing seasons (hot, 16 February—
15 June; rainy, 16 June—15 October; cool, 16 October—
15 February), parity (1, 2, 3-5 and 6—12), interaction
between year and season, parity and season and herd
and season. The random effect was sow identity
employed in the mixed model as a random effect be-
cause, on average, the sows included in the analyses
produced 3-:2+0-02 litters/sow (range 1-8 litters/sow)
during the study period. To evaluate the seasonal
influence in each parity group, multiple ANOVA
models were also applied to TB and BA by parity
groups (1, 2, 3-5 and 6-12) using the general linear
model procedure (PROC GLM). The models in-
cluded herd, farrowing year, farrowing season, inter-
action between year and season, and herd and season
as independent variables. Additionally, the influence
of temperature, relative humidity and THI on TB,
BA, MF and SB were analysed by means of multiple
ANOVA models using either the general linear mixed
models or GLM by parity groups. The meteorologi-
cal data were merged with the reproductive data
by farrowing date (farrowing year—-month—day). The
means of temperature, relative humidity and THI
during 115 days before farrowing were calculated and
were used in the statistical models. The mixed models
included herds (A, B, C and D), parity groups (1, 2,
3-5 and 6-12), years (1, 2 and 3), temperature classes
(<250, 25-259, 26-26'9, 27-27'9, 28-289 and
>29-0 °C) and two-way interactions between parity
and temperature and between herd and temperature
as fixed effect and included sow ID as a random effect.
As temperature, humidity and THI were closely re-
lated, the effects of temperature, relative humidity or
THI were included in the statistical models one at a
time. The mean relative humidity during gestation
period were classified as <50-0, 50-0-59-9, 60-0-69-9,
70-0-79-9 and >80-0%. The mean THIs during

gestation period were classified as 71-72, 73-78, 79-80
and >8I, based on information from earlier studies
(Bényei et al. 2003) and the frequency of the THI
data. The least-squares means were obtained from
each class of the factors and were compared using
a least-significant-difference test with the Tukey—
Kramer adjustment. In addition, multiple ANOVA
was used to evaluate the effect of temperature or
humidity during gestation (regression) on the litter
size of gilts and sows. The models were performed
by parity groups (1, 2, 3-5 and 6-12) and included
herds and year as independent variables. The average
temperature or humidity during gestation period was
included in the models as a co-variance variable.
Regression coefficient (slope), s.E. and P-value of each
model were calculated. P<0-05 was regarded as
statistically significant.

RESULTS
Descriptive statistics

On average, the gilts and sows kept in the open-house
system had 11-:3+0-02 TB, 10-2+0-02 BA, 0-022 MF,
0-073 SB and 9:5+0-01 piglets at weaning. Figure 2
displays the frequency distribution of TB. Of these,
0-25 of the sows farrowed =13 TB, while 0-10 of the
sows farrowed <8 TB. On average, the gilts had
10-7+0-04 TB, and sows of parities 2, 3-5 and >6
had 11-:3+0-04, 11-740-03 and 11-14+0-04 TB, re-
spectively. The number of sows, number of litters,
average parity at farrowing, TB, BA, SB, MF and
number of piglets weaned per litter in each herd are
presented in Table 1. Due to missing values for some
independent variables included in the statistical
models, data from 33 sows (0-004 of the total) were
excluded. The analyses were based on data from 8100
SOWS.
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Table 2. Factors influencing number of total piglets

born/litter (TB), number of piglets born alive per litter

(BA), proportion of stillborn piglets/litter (SB) and
proportion of mummified fetuses/litter (MF)

Factors TB BA MF SB

Herd <0-001 <0001 <0001 <0-001
Season <0-001 <0-001 0-:680  <0-001
Year <0001 <0001 <0001 <0-001
Parity <0-001 <0-:001 <0001 <0-001
Parity x Season 0-001 <0-001 0-029 0-548
Year x Season <0-001 <0-001 <0-001 0-095
Herd x Season <0-001 0-003 0-054 <0-001

Total number of piglets born and number of piglets
born alive per litter

Factors influencing TB and BA are shown in Tables
2 and 3. Herd, year, season and parity significantly
influenced both TB and BA (Table 2). On average,
TB (least-squared means) were 10-8, 11-4, 11-8 and
11-1 piglets/litter in sows parity 1, 2, 3-5 and 6-12,
respectively (P <0-001). TB varied from 11-0 to 11-8,
and BA varied from 9-8 to 10-9 piglets/litter among
herds (P <0-05). Herds C and D had a higher TB and
BA than herds A and B (P <0-05). On average, first
parity sows had a smaller BA compared to sows
of parity 2 and 3-5 (P<0-001) but did not differ sig-
nificantly compared to sows of parity =6 (P=0-999).
First parity sows had a smaller TB than sows of parity
2,3-5and =6 (P<0-001). On average, sows of parity
3-5 had 10 TB and 1-0 BA higher than first
parity sows (P <0-001).

On average, sows that farrowed in the hot season
had a larger TB and BA than sows that farrowed
in the rainy (P <0-001) and cool seasons (P <0-001).
The effects of season on TB by parity are demon-
strated in Table 4. The differences in TB among
seasons were more pronounced in gilt than sow litters
(Table 4). On average, first parity sows that farrowed
in the hot season had 0-7 and 0-5 TB more than gilts
that farrowed in the rainy and cool seasons, respect-
ively (P<0-001). By contrast, sows of parities 3-5
that farrowed in the hot season had 0-3 and 0-2 piglets
more than those that farrowed in the rainy and cool
seasons, respectively (P <0-05) (Table 4). The seasonal
influence on TB and BA was observed in all herds.
However, the severity of the seasonal effects differed
among herds; the differences of TB between the hot
and cool seasons in herd C was 0-3 piglets/litter, while
this variation was 0-7 piglets/litter in herd B (Table 5).

Factors influencing TB and BA in each parity
group are shown in Table 3. The results reveal that
factors that influence TB and BA in gilt litters include
herd, season and interaction between year and season
(P<0-001). For gilt litters, the interaction between
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herd and season significantly influence BA (P =0-003)
but not TB (P=0-28). TB of first parity sows
was highest in the hot season and lowest in the rainy
season for all herds. TB of first parity sows varied
from 10-7 to 11-6 piglets/litter in the hot season and
varied from 9-8 to 10-8 piglets/litter in the rainy
season. The BA of first parity sows was highest in the
hot season for all herds, but lowest in the rainy season
in three herds and lowest in the cool season in one
herd. BA of first parity sows varied from 9-7 to
10-7 piglets/litter in the hot season and varied from
8-8 to 9-6 piglets/litter in the rainy season.

Proportion of mummified fetuses and stillborn
piglets per litter

Factors influencing the proportion of MF and SB are
displayed in Table 2. Proportion of MF varied from
0-016 to 0-027 per litter and proportion of SB varied
from 0-051 to 0-082 per litter among the herds (P <
0-001). Among years, proportion of MF varied from
0-020 to 0-026 per litter and proportion of SB varied
from 0-068 to 0-075 per litter (P <0-001).

On average, first parity sows had a higher MF
than sows parities 2, 3-5 and >6 (0-031 v. 0-017,
0-018 and 0-024, respectively; P<0-001). The fre-
quency distribution of MF (for the litters that had at
least one mummified fetus) is shown in Fig. 3. For all
parities of the females, the proportion of litters that
had between 0-91 and 1-00 MF was 0-023. For gilts,
the proportion was 0-05. The proportion of the litters
that had MF below 0-20 was higher in the hot season
(0-38) than in the rainy (0-30, P<0-001) and cool
(0-32, P=0-002) seasons (Fig. 3).

The seasonal influence on MF is displayed in
Table 6. Interaction between season and herd (P=
0-054), season and year (P<0-001) and season
and parity (P=0-029) significantly influenced MF
(Table 2). This indicates that the effect of season on
MF varied depending on herd, year and parity. For
instance, first parity sows that farrowed in the rainy
and cool seasons had a higher MF than sow parity 2
and 3-5 (P <0-05), while no variation of MF among
parities in sows that farrowed in the hot season
(P>0-05) was observed.

On average, sow parities >6 had a higher pro-
portion of SB than sow parities 1, 2 and 3-5 (0-095
v. 0-071, 0-053 and 0-068, respectively; P<0-001).
The seasonal influence on SB is shown in Table 7. On
average, the proportion of SB was 0-075, 0-071 and
0-067 in sows that farrowed in the hot, rainy and cool
seasons, respectively. Sows farrowed in the hot season
had a higher SB than sows that farrowed in the
cool season (P <0-001). However, the interaction be-
tween season and herd influenced SB (P <0-001), i.e.
the seasonal influence on SB differed among herds.
On average, the proportion of SB was 0-078, 0-075,
0-082 and 0-052 in herds A, B, C and D, respectively.
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Table 3. Factors influencing total number of piglets born/litter (TB), number of piglets born alive per litter (BA)
by parity

Total number of piglets born/litter

Number of piglets born alive/litter

Parity 1 2 3-5 6-12 1 2 3-5 6-12

Herd <0001 <0001 <0001 <0001 <0-001 <0001 <0001 <0-001
Season <0:001 <0:001 <0:001 <0:001 <0-001 <0-001 0-003 0-042
Year 0-065 <0-001 <0-001 <0-001 0-069 <0-001 <0-001 <0-001
Year x Season <0:001 0-015 0-130 <0001 0-006 0-004 0-023 <0-001
Herd x Season 0-287 0-513 0-560 <0-001 0-003 0-364 0-893 <0-001

Table 4. Total number of piglets born per litter (least-square means + s.E.M.) in sow parities 1, 2, 3-5 and 6—12 by
farrowing season

Parity N Hot Rainy Cool P-value
1 5325 11-2+0-07 10-5+0-07 10-7+0-06 <0-001
2 4807 11-7+0-07 11-:3+0-07 11-24+0:07 <0-001
3-5 10941 12:04+0-04 11-74+0-04 11-8+0-04 <0-001
6-12 4762 11-34+0-06 11-04+0-07 11-04+0-07 <0-001
Total 25835 11:6+0-03 11-140-03 11-240-03 <0-001

Table 5. Total number of piglets born per litter (least-
square means=+S.E.M.) in herds A, B, C and D by
farrowing season

Herd N Hot Rainy Cool P-value
A 6538 11-4+006 11-:04+0-07 11-0+0-06 <0-001
B 10254 11-440-05 10-74+0-05 10-9+0-05 <0-001
C 6234 11-:5+0-07 11-2+0-07 11-2+£0-07  0-010
D 2809 12:04+0-10 11-740-10 11-6+0-10  0-002

The differences of SB between cool and hot seasons
were only significant for herd C (0-018, P<0-001).
The seasonal influence on SB was similar in all parity
groups (P=0-540). For all parities, farrowing in the
hot season resulted in the highest SB, while farrowing
in the cool season resulted in the lowest SB. The dif-
ferences in SB between cool and hot seasons were
only significant for parities 6-12 (P=0-042). The
seasonal effect on SB was similar between years, i.e.
SB was highest in the hot and lowest in the cool
season in every year. For the 3-year period, no sig-
nificant variation was found in the proportion of
SB in the females that farrowed in the cool season
(0-067-0-068, P=0-632), while a significant variation
on the proportion of SB was found in the females that
farrowed in the hot (0-071-0-081, P=0-016) and the
rainy seasons (0:066—0-076, P =0-008).

Effects of temperature, relative humidity and THI

The mean temperature during gestation periods in-
fluenced TB (P=0-001), BA (P<0-001) and MF
(P=0-036) but not SB (P=0-421). Interaction be-
tween temperature and parity significantly influenced
TB (P=0-022), BA (P=0-009) and MF (P=0-027)
and the interaction between temperature and herd
significantly influenced TB (P<0-:001), BA (P<
0-001), MF (P<0-01) and SB (P<0-:001). Across
parities, a reduction of 0-2 TB (P=0-003) and 0-2 BA
(P=0-002) were found when average temperature
during gestation period increased from 25 to 28 °C.
The influence of temperature on TB, BA and MF
differed among herds and parity groups. In first parity
sows, an increase in the proportion of MF from 0-022
to 0-042 was found when average temperature during
gestation period increased from 26 to 29 °C (P<
0-001), while temperature during gestation period did
not significantly influence MF in the later parities
(P>0-1). In herd B, TB decrease from 11-3 piglets/
litters to 10-4 piglets/litter when average temperature
during gestation period increased from 25 to 29 °C
(P<0-001), while the temperature did not signifi-
cantly influence TB in herds C and D. The influence
of the average temperature during gestation period on
TB by parity groups is demonstrated in Table 8 and
Fig. 4. As can be seen from Fig. 4, the influence of
the means temperature during gestation period was
most pronounced in the first parity. The regression
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Table 6. The proportion of mummified fetuses per litter (least-square means+ s.E.M.) in sows parities 1, 2, 3-5

and 6—12 by farrowing seasons

Parity N Hot Rainy Cool P-value
1 5325 0-026 +£0-0021 0-034+0-0021 0-03340-0020 0-252
2 4807 0-017+£0-0021 0-015+0-0022 0-019+0-0021 0-529
3-5 10941 0-019+0-0015 0-018+0-0015 0-018+0-0015 0-865
6-12 4762 0-027+£0-0020 0-025+0-0022 0-02140-0022 0-125
Total 25835 0-02240-0011 0-0234+0-0011 0-0234+0-0011 0-679

Table 7.

by farrowing seasons

The proportion stillborn piglet per litter (least-square means + s.e.M.) in sows parities 1, 2, 3-5 and 6—12

Parity N Hot Rainy Cool P-value
1 5325 0-:075+0-0029 0:069+0-0029 0-0674+0-0028 0-500
2 4807 0-:0564+0-0030 0-0544+0-0031 0-049 +0-0030 0-459
3-5 10941 0-072+0-0021 0-066 +0-0021 0-066+0-0021 0-156
6-12 4762 0-100+0-0028 0-097+0-0031 0-087+0-0030 0-032
Total 25835 0-075+0-0015 0-071£0-0015 0-067+0-0015 <0-001
1200 -
1000 -
5
E 8001 m 0.05-0-20
5 6004 ® 0-21-0-40
g m 0-41-0-60
E 400 0-61-0-80
= 0-81-1-00
200 A
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Fig. 3. Frequency distribution of the proportion mummified fetuses per litter by season.

coefficient (i.e. the slope of the regression line) of the
effect of the mean temperature during gestation on
TB revealed that every 1°C increase in the mean
temperature during gestation was associated with a
decrease of 0-18, 0-04, 0-06 and 0-03 TB in sow
parities 1, 2, 3-5 and 6-12, respectively (Table 8).
The mean relative humidity during gestation influ-
enced TB (P<0-001), BA (P<0:001) and SB (P<
0-001), but not MF (P=0-3). Interaction between the
relative humidity and parity influenced TB (P=
0-003), BA (P=0-005) and MF (P=0-012) and inter-
action between the relative humidity and herd sig-
nificantly influenced TB (P <0-001), BA (P<0-001)
and SB (P=0-036). On average, a reduction of 0-8 TB
and 07 BA were found when the average relative

humidity during gestation increased from 50 to 80 %
(P<0-001). The influence of relative humidity on TB,
BA and MF differed among herds and/or parity
groups. Mummified fetuses in the first parity was
increased from 0-022 to 0-038 when the relative
humidity increased from 60 to 70 % (P =0-002), while
this effect was not found in other parities (P>0-05).
Among the herds, when the relative humidity during
gestation increased from 50 to 80%, a significant
decrease of 0-5 (P=0-043), 1-6 (P<0-001), 0-8 and
(P<0:001) TB was observed in herds A, B and C,
respectively. The influence of the relative humidity
during gestation period on TB by parity groups are
demonstrated in Table 9 and Fig. 5. As can be seen
from Fig. 5, the influence of the relative humidity was
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Table 8. Regression coefficient, standard error of
means (S.E.M.) and P-value of the effects of means
temperature during gestation period on the total num-
ber of piglets born per litter (TB) using multiple
analyses of co-variance models in sows parities 1, 2, 3—5

P. TUMMARUK ET AL.

Table 9. Regression coefficient, standard error of
means (S.E.M.) and P-value of the effects of means
relative humidity during gestation period on the total
number of piglets born per litter (TB) using multiple
analyses of co-variance models in sows parities 1, 2, 3—5

and 6—12 and 6—12

Parity Coefficient (slope) S.E.M. P-value  Parity Coefficient (slope) S.E.M P-value
1 —0-18 0-03 <0-001 1 —0-05 0-005 <0-001
2 —0-04 0-03 0-100 2 —0-03 0-005 <0-001
3-5 —0-06 0-02 <0001 3-5 —0-02 0-004 <0-001
6-12 —0-03 0-03 0266 612 —0-03 0-006 <0-001
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Fig. 4. Effect of average temperature during gestation period on total number of piglets born per litter (least-square
means +s.E.M.) by parity (P1 =parity 1, P2 =parity 2, P3—5=nparities 3 to 5, P6—12 =parities 6 to 12).

more pronounced in the first parity than parity 2, 3-5
and 6-12. The regression analysis on the effect of
mean relative humidity on TB revealed that the
humidity during gestation significantly influenced TB
in all parity groups and the regression coefficient was
highest in the first parity sows (Table 9). The slope of
the regression line indicated that 10 % increase in the
means relative humidity during gestation resulted in
a decrease in 0-5, 0-3,0-2 and 0-3 TB in sows parities
1, 2, 3-5 and 6-12, respectively (Table 9).

The means THI during gestation influenced TB
(P<0-001), BA (P<0-001) and MF (P=0-061) but
not SB (P=0-197). Interaction between THI and
parity influenced TB (P=0-051) and BA (P=0-020)
and the interaction between THI and herd signifi-
cantly influenced TB (P <0-001), BA (P<0-001) and
SB (P <0-001). Across parities, a reduction of 0-3 TB
(P=0-002) was found when the average THI during
gestation period increased from 71/72 to >81. The
influence of THI on TB, BA and SB differed among
herds and/or parity groups. Among the herds, when
THI during gestation period increased from 71/72 to

>81, adecrease of 0-4 (P<0-001) TB was observed in
herd A and a decrease of 0-9 TB (P <0-001) in herd B,
but no significant influence of THI on TB was found
in herds C and D (P>0-05). The influence of the THI
during gestation on TB by parity groups are demon-
strated in Fig. 6. The influence of the THI was more
pronounced in the first parity than parity 2, 3-5 and
6-12.

DISCUSSION

The results presented in the current study demon-
strate that an inferior litter size at birth (TB and BA)
of gilts and sows kept in a conventional open-house
system in Thailand was observed during some periods
of the year. This finding is in agreement with previous
research in a purebred population (Tantasuparuk
et al. 2000; Tummaruk et al. 2004). However, the
litter size of gilts and sows in the present study (113
TB and 10-2 BA) was higher than those reported
earlier in the purebred L and Y population in
Thailand (9-4 TB and 87 BA; Tantasuparuk et al.
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Fig. 6. Effect of average THI during gestation period on total number of piglets born per litter (least-square means +S.E.M.)
by parity (Pl =parity 1, P2=parity 2, P3—5=nparities 3 to 5, P6-12 =parities 6 to 12).

2000; 99 TB and 9-0 BA; Tummaruk et al. 2004).
This difference might be due to the effects of cross-
breeding since most of the gilts and sows in the pres-
ent study were crossbred LY. Furthermore, the
results may be influenced by the genetic improvement
of litter size of pigs in Thailand (Imboonta ez al.
2007).

In the present study, the highest TB and BA
were observed in gilts/sows that farrowed in the
hot season, i.e. gilts/sows mated and pregnant during
the cool season. Since the day length in Thailand
is almost equal throughout the year (12+1 h), the
seasonal influence on litter size at birth in Thailand
is mainly caused by temperature and/or humidity
(Tantasuparuk et al. 2000; Suriyasomboon et al.
2006). It has been demonstrated earlier that heat
stress during early pregnancy could alter the repro-
ductive endocrine system, especially the control of
luteal function, and in this way could reduce the

amount of embryonic tissue present at day 16 of
pregnancy, thus reducing in litter size (Wettemann &
Bazer 1985). In cows, heat stress affects not only
the antral follicles but also the ovarian pool of small
follicles, resulting in carry-over effects on follicular
function (Roth 2008). Additionally, studies have
demonstrated that oocytes harvested from cows
during the summer had a reduced ability to develop
to blastocyst stage after in vitro fertilization (Rocha
et al. 1998; Al-Katanani er al. 2002; Bényei et al.
2003). Tummaruk et al. (2004) found that the effect of
temperature on litter size in pigs also depends on the
period of gestation; the most critical period seems
to be the early stage (1-5 weeks of gestation). In ad-
dition, Tantasuparuk ez al. (2000) have demonstrated
that an increase of 1 °C of the maximum daily tem-
perature during the first 4 weeks of gestation resulted
in a decrease of about 0-07 piglets/litter. In the pres-
ent study, the average temperature in the cool season
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was 3-5°C and 3-1°C lower than in the hot and
rainy seasons, respectively (Fig. 1). The present study
demonstrated that, as the average environmental
temperature, relative humidity or THI increased, TB
and BA of the sows were significantly decreased.
However, the severity of these factors differed among
parity groups and herds. In the present study, the
influence of temperature, humidity or THI was most
pronounced in the first parity and in herds A and B.
In the present study, an increase of 1 °C of the mean
temperature during gestation caused a decrease of
0-18 piglet/litter in the first parity sows, while this
caused a decrease of only 0-03 to 0-06 piglet/litter in
the older sows.

Low litter size at birth of sows in Thailand has been
observed for over 10 years in sows that farrow during
the rainy season (Tantasuparuk ez al. 2000). In the
present study, the low litter size at birth was found
not only in sows that farrowed in the rainy season but
also in those that farrowed in the cool season. The
decreased litter size at birth of pigs in both seasons
might be due to either the year or herd effects.
Different herds have different routine management
to control ambient temperature and humidity. In
addition, the difference might be due to the slight
increase of environmental temperature during the
last decade, resulting in a higher severity of the
seasonal influences on the litter size at birth of pigs in
Thailand. In Sweden, where ambient temperature is
much lower than the tropics, the seasonal influence
on the litter size at birth of pigs does not exist
(Tummaruk et al. 2000). All these findings indicate
that high ambient temperature and/or high humidity,
not the photoperiod, might play an important role on
the inferior litter size at birth of gilts and sows in
Thailand. Poor litter size at birth was observed in gilts
and sows that farrowed in both the rainy and cool
seasons. The mechanism for the reduction of the litter
size at birth of pigs might be due to both embryonic
and fetal loss. In the present study, the fetal loss was
demonstrated by the frequency distribution of the
MF in each season. It was found that the proportion
of the litters having below 0-20 MF was highest in the
farrowing that occurs in the hot season. Furthermore,
no parity effect on MF was found in the hot season,
but it was found in the rainy and the cool seasons.
Embryonic loss could not be demonstrated in the
present study. However other studies, using laparo-
scopic examination in gestating gilts in Thailand,
found that the ovulation rate in L and Y gilts was 13-8
and 15-3 ova, respectively (Tantasuparuk ez al. 2005),
and in crossbred LY sows was between 15-3 and 17-7
ova (Tummaruk & Tienthai 2008). Furthermore, it
has been demonstrated that the overall prenatal loss
of gestating gilts in Thailand was 0-310 and 0-375 in
L and Y gilts, respectively (Tantasuparuk et al. 2005).
In the present study, the average TB was 11-3, in-
dicating that the prenatal loss of 2:5-6-4 piglets per
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litter could occur. In beef cattle, it has been shown
that increasing environmental temperature and rela-
tive humidity from 21 °C and 35 % to 33-37 °C and
27 or 38 % during days 8 to 16 of gestation reduced
the size and weight of the conceptus (Biggers et al.
1987). Bényei et al. (2003) demonstrated that the
average number of corpus luteum of superovulation
cows decreased from 9-8 to 5-2 when THI increase
from 707 during cool season to 79-7 during the
El-Nino phenomenon in Brazil. In addition, high
temperature also significantly reduced in vitro embryo
quality (Beényei et al. 2003). These studies implied that
the high ambient temperature not only influenced
early embryonic and/or fetal loss but also influenced
the follicular development and hence decreased the
number of ovulation, the oocyte quality and/or ferti-
lization rate.

In the present study, the seasonal effect on TB
and BA was more pronounced in gilt than sow litters.
This is in agreement with previous findings in pure-
bred L and Y populations in Thailand (Tummaruk
et al. 2004). In the present study, gilts that were mated
and conceived during the cool season (and subse-
quently farrowed in the hot season) had 0-5-0-7 TB
more than in other seasons. If the gilts farrowed twice
a year, the seasonal effect on the litter size at birth
would decrease by 1-0—1-4 piglets/female/year for the
gilt population. On the other hand, in sow parities
3-5, the seasonal effects on the litter size at birth
would decrease by only 0-2—0-3 TB or 0-4—0-6 piglets/
female/year. These data indicate that gilts are less
tolerant to heat stress than sows. In the present study,
the influence of temperature, relative humidity and
THI on litter size in pig was most pronounced in
the first parity sows. For instance, when the relative
humidity increased from 50 to 80 %, a decrease of 1-1
TB was observed in first parity sows, while a decrease
of 0-6, 0-6 and 1-0 TB was observed in sow parities 2,
3-5 and 6-12, respectively. The decrease of TB in gilt
litters might be due to both early embryonic loss
and fetal loss. The fetal loss is indicated by the finding
that MF in gilts that farrowed in the hot season is
not significantly different from multiparous sows, and
tended to be lower compared to other seasons. In
addition, the present study also found that both the
high temperature and the high THI during gestation
significantly increased MF in the first parity sows but
not in the higher parities. These findings imply that
crossbred sows are not more resistant than purebred
sows against the effect of heat stress. Earlier studies
usually demonstrated the effect of heat stress on early
embryonic loss in either gilts (Omtvedt et al. 1971)
or sows (Armstrong et al. 1986). No studies have
apparently compared the difference in heat tolerance
between gilts and sows. For instance, it has been
demonstrated that heat stress during the first 2 weeks
of gestation in gilts reduced conception rate and litter
size, while heat stress during the last 2 weeks of
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gestation increased the number of stillborn piglets/
litter (Omtvedt et al. 1971). However, for a retro-
spective study, the interaction between seasons and
parity of sows has been found for other reproductive
traits. For instance, Tummaruk ez al. (2000) found
that the seasonal effect of weaning-to-first-service in-
terval was more pronounced in primiparous SOws
than multiparous sows. The reason for this might be
that the gilts utilize the nutrient supply for both
growing and reproductive function. Therefore, heat
stress might reduce the ability of gilts to maintain
their reproductive function. On the other hand, most
of the sows have reached their mature BW, and their
ability to maintain normal function of the repro-
ductive system may be better than gilts.

In the present study, the significant interaction be-
tween year and season on litter size implies that the
severity of the seasonal effect differs between years.
The year effect not only indicates the climatic vari-
ation among years but also represents the difference
in the quality of feed and feeding, parity distribution,
health status and stock persons. Improvement in
some management strategies against seasonal stress
by year might reduce the negative effect of season on
the fertility in pigs (Love et al. 1995; Tummaruk et al.
2004). In addition, in the present study, the seasonal
influences on TB and BA also differed among herds.
The differences of TB among seasons were most pro-
nounced in herd A, while less pronounced in herd C.

In Thailand, high humidity during the rainy season
is common (mean relative humidity 81-7 %). The high
humidity recorded is obviously due to the fact that
the rain occurs almost every day during the rainy
season in Thailand. It has been demonstrated that
high humidity (>40%) both during lactation and
post-mating negatively influences litter size at birth in
pigs (Suriyasomboon et al. 2006). The present study
demonstrated that high relative humidity during
gestation period reduced TB in almost all parities of
sows, especially in the first parity and in sows parities
6-12. An earlier study demonstrated that the com-
bination of high temperature and high humidity also
negatively affected litter size but, surprisingly, this
combination did not affect other reproductive traits,
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for example weaning-to-service interval and re-mating
rate (Suriyasomboon et al. 2006). In the present
study, inferior litter size at birth was observed in gilts/
sows that farrowed during the cool season. These
animals are supposed to be bred and pregnant during
the rainy season. High humidity might play an im-
portant role on the litter size at birth in pigs. In other
studies that were conducted in temperate areas (low
humidity regions), the seasonal variation on the litter
size at birth in pigs was not significant (Love et al.
1995; Peltoniemi et al. 1999; Tummaruk et al. 2000).
Therefore, these findings suggest that the housing
designs for pregnant gilts and sows under tropical
climates should emphasize minimizing high humidity,
particularly during the rainy season.

In the present study, the average THI was
79-2+3:5, 797+ 17 and 73-5+42 in hot, rainy and
cool seasons, respectively. The average THI observed
during hot and rainy seasons in Thailand are almost
equal to the THI that observed during the period of
El-Nino phenomenon in Brazil (79:7+4-0) (Bényei
et al. 2003). It has also been demonstrated that
this level of THI significantly reduced the number of
ovulation and the oocyte quality in superovulation
cows (Bényei et al. 2003).

In conclusion, inferior litter size at birth occurred
in sows that farrowed in either the rainy or cool
seasons. High temperature, high relative humidity
and/or high THI during gestation significantly re-
duced the number of total piglets born per litter. The
influence of season, temperature, relative humidity
and/or THI on litter size at birth was more evident
in the gilts than the sows. These data indicate that
various strategies to reduce temperature and relative
humidity in the open-housing system for pregnant
gilts and sows in Thailand are not adequate and that
housing design for pregnant gilts should be improved.

Funds for this study were provided by the National
Research Council of Thailand (NRC) 2008-2009
and partly by the CHE-TRF Senior Research Fund
(RTA5080010). Language editing of the manuscript
has been coordinated by Chula Unisearch,
Chulalongkorn University.
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1. Introduction

ABSTRACT

The present study was performed to evaluate different components of reproductive failure
after service under a tropical climate and to investigate the influence of repeat-service
and delayed wean-to-service interval (WSI) on subsequent fertility in gilts and sows. The
study was conducted in four commercial swine breeding herds in the northeastern part
of Thailand. Data were collected during a 3-year period from July 2005 to June 2008. A
total of 30,058 insemination records from 9037 gilts and sows was included. On average,
the farrowing proportion (FP) was 81.9% and adjusted FP (excluding gilts/sows culled after
service) was 85.3%. The reasons for the failure to farrow included return-to-oestrus 9.4%,
abortion 1.7%, not being pregnant 1.0% and not-in-pig 2.0%. Non-repeat-service females
had 83.7% FP, while those that experienced repeat-serviced for 1, 2 and >3 times had 71.2%,
57.7% and 43.4% FP, respectively (P<0.001). The seasonal influence on FP was observed in
non-repeat-serviced females, but not in those that experienced repeat-service. Sows mated
during 0-6 days after weaning had 86.8% FP, while those mated 7-10, 11-20 and 21-60 days
after weaning had 78.9%, 78.9% and 78.4% FP, respectively (P<0.001). It is concluded that
repeat-service in gilts/sows resulted in a 12.5% decrease in FP. Sows returning to oestrus
later than 6 days after weaning had 7% lower FP than sows mated within 6 days after
weaning.

© 2010 Elsevier B.V. All rights reserved.

ered to be a result of infertility. Early embryonic mortality
may cause either regular or irregular return-to-oestrus.

Repeat-service is one type of reproductive failure caus-
ing the removal of gilts and sows from commercial herds
(Tummaruk et al., 2009). In practice, the occurrence of
repeat-service varies amongst herds and management
conditions. In general, the proportion of female returning-
to-oestrus (RP) after first service is 10% and the abortion
proportion (AP) is 1% (Dial et al., 1992; Tummaruk et al.,
2001; Takai and Koketsu, 2008). Infertility and embryonic
loss are two main biological components causing repeat-
service. The interval of return-to-oestrus can be classified
as regular and irregular returns (Thacker, 1986; Meredith,
1995). Regular return (18-24 days post service) is consid-

* Corresponding author. Tel.: +66 2 2189644/5; fax: +66 2 2520738.
E-mail address: Padet.T@chula.ac.th (P. Tummaruk).

0167-5877/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.prevetmed.2010.06.003

Earlier studies have found that the farrowing proportion
(FP)/farrowing rate decreases in the female re-serviced
after reproductive failure (Tummaruk et al., 2001; Takai
and Koketsu, 2008; Vargas et al., 2009). However, repeat-
service increases the litter size at birth of the subsequent
litter (Tummaruk et al., 2001; Takai and Koketsu, 2008). In
Japan, Takai and Koketsu (2008) found that the FP decreases
by 18% with each repeat-service, and an increased litter size
at birth is observed in sow parities number 1 and 2, but
not in gilts and sows parities number >3. In Brazil, Vargas
et al. (2009) demonstrated that re-serviced female pigs
have 9.7% lower FP, 8.9% higher RP and 1% higher AP than
first-serviced females. The effect of repeat-service on sub-
sequent reproductive performance is more pronounced in
the gilts than the sows, i.e., repeat-serviced gilts had 18.7%
lower FP and 15.2% higher RP than non-repeat-serviced
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Table 1

Descriptive statistics on some reproductive parameters of gilts/sows in four commercial swine herds in Thailand during July 2005-June 2008 (n=30,058

insemination records from 9037 gilts and sows).

Variables Herds

A B C D
Number of gilts/sows 2,584 3,685 1,974 794
Number of observations 8,393 12,097 6,753 2,815
Mean parity number 2.3 2.3 2.7 3.0
Farrowing proportion (%) 82.7 79.2 82.7 88.9
Adjusted farrowing proportion (%) 85.6 824 87.2 91.6
Proportion of female return-to-oestrus (%) 9.7 10.5 8.9 5.0
Abortion proportion (%) 23 23 04 03
Not-in-pig proportion (%) 0.9 24 2.5 2.7
Lactation length (days)? 21.8+1.5 213+13 21.8+20 21.5+2.7
Culling rate (%) 38.9 60.1 54.2 45.9

3 Mean + standard deviation.

gilts (Vargas et al., 2009). In addition, Takai and Koketsu
(2008) found that the influence of repeat-service on sub-
sequent fertility varies according to the weaning-to-first
service interval (WSI). For example, the sows that have
a WSI greater than 7 days had a lower FP than the sows
that had a WSI of 0-6 days in the sows mated for the first
time after weaning. However, for the sows that are repeat-
serviced, the influence of WSI on FP is not observed. The
influence of repeat-service on subsequent FP has never
been studied either in Thailand or in tropical countries.
Also, the impact of season and herd on the FP of the repeat-
serviced females has never been investigated.

In practice, three categories of females that have to
be mated are classified. The first are the weaned sows
that exhibit standing oestrus within 7 days after wean-
ing; the second are replacement gilts; and the last include
both repeat-serviced females and the sows that have a
delayed WSI. In most commercial swine herds in Thailand,
the gilts/sows are allowed to be repeat-serviced at least
2 times before culling. However, this criterion may vary
amongst herds and culling policy. Under tropical climate,
delayed WSI during some periods of the year is commonly
observed. Tantasuparuk et al. (2000) demonstrated that the
proportion of sows mated within 7 days after weaning is
approximately 90% in the sows weaning during the cool
season, and declines to 70-80% in the sows weaning dur-
ing the hot and rainy seasons. Furthermore, the influence
of season on WSI in primiparous sows is more severe than
in multiparous sows (Tummaruk et al., 2000a). The culling
of young sows that have delayed WSI is generally not pre-
ferred. Therefore, it is of interest to investigate subsequent
fertility of these delayed-WSI sows as well as any factor that
contributes to the influence of WSI on subsequent FP. The
present study was performed to evaluate different compo-
nents of reproductive failure after service of gilts and sows
under a tropical climate, and to study the influence of the
repeated service of gilts/sows and delayed WSI of sows on
their subsequent fertility.

2. Materials and methods

2.1. Data

The study was conducted in four commercial swine
breeding herds in the northeastern part of Thailand (Herds

A, B, C and D). Data were collected during a 3-year period
from July 2005 to June 2008. A total of 30,058 insem-
ination records from 9037 gilts and sows was included
in the analysis (Table 1). In most cases, gilts/sows was a
crossbreed between Landrace x Yorkshire (LY); some are
purebred Yorkshire (Y) and Landrace (L). The data of culling
gilts/sows were extracted from the computer recording
system of the herds (Piglive®, Live informatics Co., Ltd.,
Bangkok, Thailand) and were scrutinized for correctness.
The data included gilts/sows identity, service date, par-
ity, lactation length, WSI, the number of repeat-serviced
events, boar identities of each service (1-3 boars) and ser-
vice results (i.e., farrow, return-to-oestrus, no pregnancy,
abortion, culling and not-in-pig). No service date errors
were observed due to the fact that the software screens
for errors during data entry. To obtain all farrowing data
from the serviced females, the raw data were collected 6
months after the selected service date. The culling rate in
each herd was calculated from the number of culled gilts
and sows divided by the number of sows on production,
multiplied by 100. Lactation length was the interval from
farrowing to weaning and was limited to 14-35 days. Parity
numbers 3-5 and >6 were pooled in the analyses.

2.2. General management

An average number of sows in Herds A, B, C and D
was 1200, 1500, 1000 and 500, respectively. Herds A and
C produced replacement gilts within the herd using their
own grandparent stock (purebred L and Y) and provided
replacement gilts (LY) to Herds B and D, respectively. Con-
ventional artificial insemination (Al) was used for all gilts
and sows. In all herds, gilts and sows were housed in a con-
ventional, open-housing system facilitated with a water
sprinkler and fan, whilst the boars were kept in an evapora-
tive, cooling-system environment. During the study period,
the average outdoor minimum-maximum daily tempera-
tures were 21.1-33.3°C, 24.4-31.6°C and 17.9-29.9°C in
the hot, rainy and cool seasons, respectively. The 24-h aver-
age humidity was 68.3%, 81.7% and 64.2% in the hot, rainy
and cool seasons, respectively. The health status of all herds
was monitored by the herd veterinarian. In general, the
veterinarian gave the recommendation to vaccinate the
gilts/sows against foot-and-mouth disease (FMD), classical
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swine fever (CSF), Aujeszky’s disease (AD), porcine Par-
vovirus (PPV) and atrophic rhinitis (AR), at 22-30 weeks
of age in the replacement gilts, during late gestation (FMD,
AR) and during lactation (PPV, CSF) in the sows. Mass
vaccination of AD was conducted every 4 months. All
herds were porcine reproductive and respiratory syndrome
(PRRS) sero-positive, but no clinical outbreak was observed
during the period of study. Culling due to old age was
planned to be done after the sixth parity. In general, the
gilts were mated about 32 weeks of age onwards with at
least 135 kg body weight at the second or later observed
oestrus. The gilts and sows received water ad libitum via
water nipples. The feed was provided twice a day (approx-
imately 1.5-3.5kg/d during gestation and 5.0-7.0kg/d
during lactation). The feed was a rice-corn-soybean-fish
base containing 15-18% crude protein, 3000-3200 kcal/kg
metabolisable energy and 0.9-1.0% lysine. The health sta-
tus, herd-recorded data, and the routine management of
these herds were monitored monthly by the first author of
this study (P. Tummaruk).

2.3. Mating management

In all herds, oestrus detection was performed twice a
day (morning and evening) using the back pressure test
with the aid of sexually mature boars. The gilts and sows
were inseminated with diluted fresh semen containing
at least 3000 x 106 spermatozoa in 100 ml. The extended
semen was used immediately or stored not over 24 h before
Al Besides, only the semen with >70% individual motil-
ity was used. The first insemination was performed at
about 12 h after the onset of oestrus in non-repeat-serviced
females and in the sows that exhibited standing oestrus
within 6 days after weaning. The females that were repeat-
serviced and the sows that exhibited standing oestrus
later than 6 days after weaning were inseminated imme-
diately after the onset of oestrus. All of the females were
re-inseminated at 12-h intervals following the standing
oestrus. In most cases, the females were inseminated 2-3
times during standing oestrus with the semen from at least
two boars. Both sows and gilts were housed in individual
crates during and after Al. The oestrus detection was per-
formed twice a day after Al with special emphasis on the
female at 3-4 weeks and 6-7 weeks of gestation. In Herds C
and D, the pregnant sows were moved to another gestation
house at 9 weeks of gestation before entering the farrow-
ing house at 1 week before the expected farrowing date,
whilst the pregnant gilts were kept in gestating house until
1 week before the expected farrowing date. In all herds, the
pregnant gilts and sows were kept separately in different
gestation houses. In Herds A and B, pregnancy detection
was carried out by using both the return-to-oestrus method
and the Doppler ultrasonography. By contrast, in Herds C
and D, pregnancy detection was carried out by using only
the detection of gilts/sows which returned to oestrus after
mating.

2.4. Definitions

In the present study, “gilt” was defined as a female
pig that presented in the herd but had never farrowed,

Table 2

Effect of parity, herd, season, year, repeat-service, weaning-to-service
interval (WSI), interaction between herd and season and interaction
between parity and season on farrowing proportion in gilts/sows.

Factors Model 1 Model 2
(n=30,058) (n=20,906)
Parity <0.001 <0.001
Herd <0.001 <0.001
Season NS <0.001
Year NS NS
Repeat-service <0.001 -
Herd x season <0.001 <0.001
Parity x season NS 0.05
Herd x repeat-service <0.001 -
Season x repeat-service <0.001 -
WSI - <0.001

and “sow” was a female pig that farrowed at least once.
A mating was defined as an insemination of a gilt/sow
during 10-day oestrus period, and a service included sin-
gle or more mating events during the oestrus (Takai and
Koketsu, 2009). A repeat-service was defined as the return-
to-service after service within parity. The farrowing success
is defined as ‘1’ when the gilts/sows were inseminated
and resulted in farrowing, and ‘0’ when the insemination
resulted in return-to-oestrus, abortion, not being pregnant,
culling or not-in-pig. The FP is calculated by the number
of farrowing divided by the number of insemination. The
RP was calculated by the number of females that return-
to-oestrus divided by the number of insemination. The AP
was calculated by the number of females aborted divided
by the number of insemination.

2.5. Statistical analyses

The statistical analysis was performed using Statistical
Analysis System (SAS version 9.0, Cary, NC, USA). Frequency
analysis and a rx k contingency table were used to evalu-
ate an association amongst FP, RP, AP and repeat-service.
Chi-square test was used to test the association between
farrowing success and repeat-service (0, 1, 2, >3). In fur-
ther analyses, the females that were repeat-serviced for 1,
2 and 3 times were pooled due to a relatively low num-
ber of observation in each of the groups. Logistic regression
was used to analyze binary data (FP) using GLIMMIX macro
of SAS. Repeated measurements were used in the logis-
tic regression analyses in order to correct the effect of
repeat measurement of the animal included in the analyses,
i.e., each female was inseminated more than once during
the study period. Two statistical models were applied to
the data (Table 2). The factors and two-way interactions
included in the statistical models were tested for a sig-
nificance and were omitted from the model in a stepwise
fashion, leaving only factors and interactions, in most cases,
with the significance level of P<0.1. Model 1 included fixed
effects of parities (0, 1, 2, 3-5, >6), service season (hot:
16 February-15 June; rainy: 16 June-15 October; cool:
16 October-15 February), service year (1, 2, 3), Herd (A,
B, C, D), number of re-service events (0, >1) and interac-
tion between herd and season, parity and season, number
of re-service events and herd, and number of re-service
events and season. Model 2 included fixed effects of parity,
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Fig. 1. Components of pregnancy failure in gilts, primiparous and multiparous sows (parities 2-14) (*P<different superscripts differed significantly, P<0.05).
‘NIP’ is proportion of the serviced females that result in not-in-pig. ‘Cull’ is proportion of the service females that result in culling.

mating season, mating year, herd, WSI (0-6, 7-10, 11-20,
21-60 days) and interaction between herd and season, and
between parity and season. The least-squares means were
obtained from each class of the factors and were com-
pared using the least-significant difference test with the
Tukey-Kramer adjustment. A probability value of P<0.05
was considered statistically significant.

3. Results
3.1. Descriptive statistics

Descriptive statistics, including number of gilts/sows,
number of observations, mean parity at insemination, FP,
adjusted FP, RP, AP and the percentage of not-in-pig of each
herd are presented in Table 1. On average, FP was 81.9%,
adjusted FP was 85.3%, RP was 9.4% and AP was 1.7%. The
number of sows repeat-serviced for 0, 1, 2 and >3 times
were 26,589 (88.9%), 2893 (9.6%),503 (1.7%)and 113 (0.4%),
respectively. Of all gilts and sows, 1199 sows (4.0%) were
culled before farrowing. Apart from the culling, the reasons

of the failure to farrow included return-to-oestrus 2828
sows (9.4%), abortion 505 sows (1.7%), not being pregnant
288 sows (1.0%) and not-in-pig 605 sows (2.0%). Different
types of reproductive failure by parity are demonstrated
in Fig. 1. As can be seen from the figure, the percentage of
the gilts that returned to oestrus was higher than primi-
parous and multiparous sows (16.3% versus 9.9% and 6.7%
in gilts, primiparous and multiparous sows, respectively).
Of the gilts and sows that returned to oestrus after service,
the mean of the interval from first service to return-to-
oestrus of the females was 34.0 + 17.6 days. The proportion
of gilts/sows that had a regular return-to-oestrus interval
(18-24 days) was 39%. The percentage of regular return-
to-oestrus was higher in the gilts (42.8%) compared to the
sows parity numbers 1 (36.8%), 2 (38.2%), 3-5 (36.2%) and
>6(33.3%) (P<0.05).

3.2. Effect of herd, parity and season

On average, gilts had 73.1% FP, primiparous sows had
81.7% FP, and multiparous sows had between 84.9% and

Fig. 2. Effect of service season on the farrowing proportion (%) of gilts and sows by Herd (A, B, C and D) (*P<different superscripts within herds differed

significantly, P<0.05).
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Fig. 3. Effect of service season on the farrowing proportion (%) of gilts and sows by parity (**<different superscripts within parity differed significantly,

P<0.05).

85.9% FP in each parity group. Gilts had lower FP than sows
parity numbers 1, 2, 3-5 and >6 (P<0.001). Primiparous
sows had lower FP than sows parity numbers 2 and 3-5
(P<0.001), but did not differ significantly when compared
to sow parity >6 (P=0.13). Seasons and herds significantly
influenced FP. Gilts and sows that were mated in the hot,
rainy and cool seasons had values for FP of 80.1%, 81.5%
and 84.1%, respectively (P<0.001). The FP of the gilts and
sows in each herd classified by season is shown in Fig. 2.
The seasonal variation on FP was more evident in Herds A
and B compared to Herds C and D (Fig. 2). The FP of the
gilts and sows in each parity group categorized by season
is shown in Fig. 3. The fluctuation of FP amongst seasons
was observed in gilts and primiparous sows more than in
multiparous sows (Fig. 3). On average, the FP was lowest in
the gilts that were mated in the hot season (69.5%) (Fig. 3).

3.3. Effects of repeat-service

The FP of gilts and sows varied according to the num-
ber of repeat-service events. On average, gilts/sows that
were not repeat-serviced had 83.7% FP. Of all the mated
females, 3509 females (11.7%) were repeat-serviced. The
percentages of gilts and sows that were repeat-serviced
in Herds A, B, C and D were 10.7%, 13.5%, 11.1% and
8.1%, respectively. The FP of gilts/sows that were repeat-
serviced for 1, 2 and >3 times was 71.2%, 57.7% and 43.4%,
respectively. When all factors were taken into account,
the logistic regression analysis revealed that both repeat-
service and interaction between repeat-service and season,
and between repeat-service and herds were significant
(Table 2). It was found that the seasonal influence on
FP was observed in non-repeat-service females, but not
in those that were repeat-serviced (Fig. 4). Non-repeat-
serviced females that were mated in the hot season had
lower FP than those that were mated in the cool season
(P<0.001). The repeat-serviced females tended to have a
lower FP than the non-repeat-serviced females in all herds.
However, the difference of FP between repeat-serviced and
non-repeat-serviced females was significant in herds A and

Fig. 4. Farrowing proportion (%) of non-repeat-serviced females and
repeat-serviced females by seasons (*Pdifferent superscripts differed sig-
nificantly, P<0.05).

B (P<0.001) but not significant in herd C (P=0.68) and D
(P=0.06).

3.4. Effects of weaning-to-first-service interval

WSl influenced on FP (P<0.001)(Table 2). The sows that
were mated from O to 6 days after weaning had 86.8% FP,
while sows mated from 7 to 10, 11 to 20 and 21 to 60 days
after weaning had 78.9%, 78.9% and 78.4% FP, respectively
(P<0.05). The number of sows that had WSI values of 0-6,
7-10, 11-20 and 21-60 days were 18,299 (87.5%), 1195
(5.7%), 570 (2.7%) and 842 (4.0%) sows, respectively.

4. Discussion

In the present study, the four commercial herds in Thai-
land had 11.7% repeat-serviced females. In the Netherlands
and the United States of America (USA), the number of
repeat-serviced females was approximately 12% of all the
mated gilts and sows (King et al., 1998; Steverink et al.,
1999). In the present study, of the repeat-serviced females,
9.6% were rebred for only one time and 2.1% were rebred
for >2 times. This percentage is in agreement with a pre-
vious report in Japan (Takai and Koketsu, 2008) that found
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10% of first re-serviced females and 2% of second or later
re-serviced females in 117 commercial herds in Japan.
However, in Brazil, Vargas et al. (2009) found only 5.2%
re-serviced females in four commercial swine herds. The
difference in the proportion of repeat-serviced females
between studies might be due to different culling policy
and different criteria to re-service the females after return-
to-oestrus amongst herds.

The present study found that the repeat-service females
had a decreased FP by approximately 12%. This finding
is in agreement with earlier studies (Tummaruk et al.,
2001; Thorup, 2006; Takai and Koketsu, 2008; Vargas et
al., 2009). In the former studies, the decrease in FP after
repeat-service varied between 9.6% (Vargas et al., 2009)
and 18% (Takai and Koketsu, 2008). Furthermore, it was
found that the influence of repeat-service on FP depended
on parity and WSI (Takai and Koketsu, 2008; Vargas et
al., 2009). Vargas et al. (2009) found that repeat-service
in gilts decreased FP by 19%, while repeat-service in sows
of parity number 2-5 decreased FP by only 9%. Takai and
Koketsu (2008) found that the influence of repeat-service
on FP was evident only in the sows that were mated within
6 days after weaning but not in those that were mated
later than 7 days after weaning. The decreased FP in the
repeat-service females might be due to a low luteiniz-
ing hormone (LH) peak and a high variation of timing of
ovulation in the repeat-serviced females compared to non-
repeat-serviced females (Steverink et al., 1999). Steverink
et al.(1999) found that the oestrus duration in non-repeat-
serviced sows was longer than repeat-serviced sows (50.2 h
versus 46.8 h). Furthermore, it was found that the dura-
tion of oestrus was correlated with the time of Al and the
number of insemination per oestrus. Single insemination
in gilts resulted in a 7.0% lower FP than double insemi-
nation (Steverink et al., 1999). The intensive use of boar
exposure for oestrus detection and during Al has been rec-
ommended to perform in order to increase the mating
efficiency (Patterson et al., 2002; Langendijk et al., 2003;
Takai and Koketsu, 2008). Another reason for inferior FP in
the repeat-service females might be because the gilts and
sows that were re-serviced might have any reproductive
disorder, e.g., cystic ovaries or endometritis, which might
reduce their fertility (Castagna et al., 2004; Tummaruk
et al,, 2009). In the present study, the females that were
re-serviced included not only the gilts and sows which
returned to oestrus after the first service, but also included
aborted females and sows with other types of reproductive
failure. These females might have irreversible reproductive
disorders that contributed to an inferior FP. Tummaruk et
al. (2009) found in the gilts culled due to repeat-service
that 16.1% had cystic ovaries and 12.1% had endometritis.
Vargas et al. (2009) demonstrated that the abortion rate
of the females that were re-serviced after abortion was
higher than that of the first-serviced females (1.6% versus
6.5%). However, in practice, itis recommended that the gilts
and sows that returned to oestrus should be mated as soon
as possible regardless of the interval of return-to-oestrus.
Takai and Koketsu (2008) found that FP did not differ sig-
nificantly between the repeat-serviced females that had
regular and irregular return-to-oestrus. Therefore, early
pregnancy detection, especially in gilts, should be empha-

sized to minimize the number of non-productive days in
this category of females. Additionally, hormonal applica-
tion (e.g., oestrus synchronization) should be considered to
increase the fertility rate of the gilts and young sows which
returned-to-oestrus after the first service (Brussow et al.,
1996; Kauffold et al., 2007). Furthermore, the use of boar
exposure in combination with the hormonal induction for
oestrus has also been recommended (Breen et al., 2005).
In addition, in the present study, the influence of repeat-
service on FP is partially influenced by herd management,
since the FP of the repeat-serviced females in some herds
is not significantly different from the first-serviced females
(Herds C and D). This indicates that the influence of repeat-
service on FP could be overcome by means of reproductive
management (e.g., oestrus detection, boar contact, and hor-
monal application) of the repeat-serviced sows.

In the present study, the gilts and sows which returned-
to-oestrus after service are the major portion of the
reproductive failures. It has been demonstrated that the
re-service interval accounts for 30% of the non-productive
female days (Koketsu, 2005). The present study found that
the proportion of the return-to-oestrus females was higher
in gilts than sows. This indicated that an optimization of the
number of gilts returned-to-oestrus after first service may
largely minimize the NPD. The return to estrus after service
of gilts might be caused by either infertility or embryonic
loss. The present study demonstrated that both herd and
season contributed to the reproductive failure in gilts and
sows. In addition, gilts and primiparous sows seem to be
more susceptible to the impact of the seasonal and herd
on FP than multiparous sows. Therefore, to minimize NPD
and maximize FP of the herds, special attention should be
paid to the quality of replacement gilts. Moreover, stressful
factors in primiparous sows should be minimized.

In the present study, 10.4% of weaned sows was mated
between 7 and 60 days after weaning. It was found that
the sows mated at any time between 7 and 60 days after
weaning had approximately 8% lower FP than those mated
from 0 to 6 days after weaning. This was in agreement with
anumber of earlier studies (Vesseur et al., 1994; Tummaruk
et al., 2000b). Tummaruk et al. (2000b) found in the sows
mated within 20 days after weaning that FP was lowest in
those mated between 7 and 9 days after weaning. It might
be because an increase in WSI decreased the duration of
oestrus (Sterning, 1995) and shortened the interval from
onset of oestrus to ovulation (Mburu et al., 1995). Either the
short duration of oestrus or the short interval from onset
of standing oestrus to ovulation may increase the risk of
mating at a suboptimal time, thereafter resulting in lower
FP (Nissen et al., 1997). The present study indicated that the
FP of the sows was closely related to WS], i.e., the higher the
number of sows mated at later than 6 days after weaning,
the higher the risk of getting a suboptimal FP. Therefore, to
improve FP of the sows in the herds, they should be mated
within 6 days after weaning.

In the present study, lactation length and culling rate
were presented but were not included in the analyses
because the number of herds included in the study is
limited. The average lactation length was similar to com-
mercial swine herds in the USA but shorter than such in
some countries in Europe (King et al., 1998; Tummaruk et
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al., 2000b). Both lactation length and culling rate reflected
the herd management policy rather than the reproductive
performance of individual sows. All of the herds in the
present study weaned the piglets at 3 weeks with minor
variation. In a previous study where the farm was consid-
ered an observational unit and 906 farms were included,
farms with a short lactation length had a shorter farrow-
ing interval, lower pre-weaning mortality, greater number
of litters per mated female per year and greater number
of piglets weaned per sow per year (King et al., 1998). The
culling rate of gilts/sows in the present study was within
the normal range and in agreement with earlier studies in
the USA (King et al., 1998; Lucia et al., 2000) and Europe
(Engblom et al., 2007). King et al. (1998) found that if the
parity number at culling of sow increases by one, the num-
ber of piglet weaned per female lifetime increases by 8.

It is concluded that the return-to-oestrus after the first
mating is a major determinant of the failure to farrow
of the female pigs in Thailand, especially in gilts. The
repeat-serviced females had at least 12% lower FP than
non-repeat-serviced females. Special attention should be
focused on the first mating of gilts, and special care should
be given to the re-serviced gilts. Sows mated between 7
and 60 days after weaning had approximately 8% lower
FP than sows mated between 0 and 6 days after weaning.
Therefore, to improve the FP amongst the sows, herd man-
agement should be aimed at minimizing WSI to achieve
a high proportion of sows mated within 6 days after
weaning.
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Introduction

During the last decade, global warming has become a
major concern for humans. Official data from the meteorological
department in Thailand indicate that the environmental
temperature increased during the period from 1996 to 2005
and has tended to continue to increase. The increase of the
environmental temperature also has a potentially large impact
on the pig industry, especially for pigs that are housed in a
conventional open-housing system, which is the most common
type of housing of swine commercial herds in Thailand. It is well-
established that high ambient temperature and high humidity
as well as a tropical climate negatively influence the
reproductive performance of female pigs (1-5). A common
feature of the seasonal influence on the giltis and sow’s
reproductive performance include prolonged weaning-to-first-
service interval, decreased conception and farrowing rates,
increased remating rate, and increased embryonic loss (1-5).
To our knowledge, no comprehensive study on the influence of
climatic factors, e.g., temperature, humidity and temperature-
humidity index (THI) on the number of fetal loss in pig under
tropical climate has been done. The aim of the present study was
to use data from herds to demonstrate the influence of THI on the
proportion of mummified fetuses per litter in gilts compared to
sows parities 2, 3-5 and =6 in a conventional, open-housing
system for swine commercial herds in the northeastern part of
Thailand.

Materials and Methods

Data: Data were obtained from four swine commercial herds
(A, B, C and D) in the northeastern part of Thailand. The data
included sows farrowed during the period from July 2005 to June
2008. The herd data were obtained from the computer recording
system of the herds from January 2005 to December 2008.
The data included the sow’s identities, farrowing date, parity
number, number of piglets born alive per litter (BA), number of
stillborn piglets per litter (stillborn), number of mummified
fetuses per litter (mummy), litter’s birth weight, piglet’s birth
weight and number of piglets at weaning. The total number of

piglets born per litter (TB) was calculated by summing of BA,

stillborn, and mummy totals. The proportion of mummified
fetuses per litter (MF) was calculated using the number of
mummified fetuses divided by TB and multiplied by 100. The
data included observations on 25,835 litters from 8,100 sows.
Herd location and management: The four herds in the
present study were located in the northeastern part of Thailand
between latitude 14-17°N and longitude 102-103°E. The
housing facilities in Herds (herd size) A, B, C and D were
available for 1,200, 1,500, 1,000 and 500 sow inventories,
respectively. The breeds of the sows were predominantly
crossbred LY, and were mainly bred with Duroc or hybrid
boars (PIC® Siam Ltd., Thailand). Conventional artificial
insemination (AI) was used for all gilts and sows. In all herds,
gilts and sows were housed in a conventional open-housing
system with a water sprinkler and fan; the boars were kept in
an environment with an evaporative cooling system. The gilts
and sows were kept in individual stalls during gestation and in
individual farrowing pens during lactation. In general, the gilts
were mated at =32 weeks of age with a BW of =135 kg at the
second or later observed oestrus. The health of the herds was
monitored by the herd veterinarians. In general, the veterinarians
gave the recommendation to vaccinate the gilts/sows against
foot-and-mouth disease (FMD), swine fever (SF), Aujeszky’s
Disease (AD), porcine parvo virus (PPV) and arthrophic rhinitis
(AR), at between 22-30 weeks of age in replacement gilts, and
during late gestation (FMD, AR) and during lactation (PPV, SF)
in sows. Mass vaccination of AD was conducted every four
months. All herds were porcine reproductive and respiratory
syndrome (PRRS) sero-positive herds, but no clinical outbreak
was observed during the period of study. Culling due to old age
was planned to be done after parity six. The gilts and sows
received water up to ad libitum via water nipples. The feed
was provided twice a day (about 1.5-3.5 kg/d during gestation
and 5.0-7.0 kg/d during lactation). The feed was a rice-corn-
soybean-fish base containing 15-18% crude protein, 2,900-3,200
kcal/kg metabolisable energy and 0.8-1.0% lysine. All of the
herds were visited monthly by the first author of this study to
monitor routine management and health.

Meteorological data: Outdoor temperature and humidity data

were obtained from July 2005 to June 2008 from an official
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meteorological station within 100 km from the herds. The
average minimum-maximum daily temperatures were 21.1-
33.3°C, 24.4-31.6°C and 17.9-29.9°C in the hot, rainy and cool
seasons, respectively. The 24-h average humidity was 68.3%,
81.7% and 64.2% in the hot, rainy and cool seasons, respectively.

THI was calculated using the following formula (6):
THI=DB-[0.55-(0.55xRH) x (DB-58)

where DB is the average daily temperature and RH is the average
daily humidity. On average, the THI was 79.2+3.5, 79.7+1.7
and 73.5+4.2 in hot, rainy and cool seasons, respectively.

Statistical analyses: The statistical analyses were carried out
using SAS (SAS 2002). The influences of THI on MF were
analyzed using the general linear mixed model procedure of SAS.
The meteorological data were merged with the reproductive
data by farrowing date (farrowing year-month-day). The means
of THI during 115 days before farrowing were calculated
and were used in the statistical models. The statistical models
included herds (A, B, C, D), parity groups (1, 2, 3-5, 6-12), years
(1,2,3), THI classes (71-72, 73-78, 79-80 and =8 1), and two ways
interactions between parity and THI and between herd and
THI. Since the sows included in the analyses produced 3.2+1.8
litters/sow (range 1-8 litters/sow) during the study period, the
sow ID was included in the statistical model as a random effect.
The classification of THI was based on information from earlier
studies (7) and the frequency of the THI data. Least-square means
were obtained from each class of the factors and were compared
using a least-significant-difference test. A probability value of

p<0.05 was regarded to be statistically significant.

Results and Discussion

On average, the gilts and sows in commercial herds in
Thailand kept in the open-house system had 11.3+2.9 TB,
10.2+£2.9 BA, 2.2% MF, 7.3% SB and 9.5+1.9 piglets at
weaning. The means THI during gestation periods influenced
MF (p=0.06). MF varied among herds from 1.6% in herd C to
2.9% in herd B (p<0.001). On average, MF was 3.3%, 1.8%,
1.9% and 2.6% in parity 1, 2, 3-5 and 6-12, respectively (p<0.001).
The influence of the THI during gestation period on MF by
parity groups are demonstrated in Fig. 1. As can be seen from
the figure, the influence of the THI was more pronounced in the
1* parity than parity 2, 3-5 and 6-12.

It is known that a pig regulate internal temperature
within a narrow range by matching the amount of heat produced
through metabolism with the heat flow from animal to the
surrounding environment. Under field condition, hyperthermia
often occurs in pig due to the heat flow from the animal is less
than internal heat production (7). In beef cow, it has been shown
that increasing environmental temperature and relative humidity
from 21°C, 35% relative humidity to 37°C, 38% relative
humidity, during days 8th to 16" of gestation period reduced
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Fig. 1 Effect of means temperature-humidity index during
gestation periods on the proportion of mummified

the size and weight of the conceptus (8). In Brazil, Bényei et al.
(7) demonstrated that the average number of corpus luteum
of superovulation cows decreased from 9.8 to 5.2 when THI
increase from 70.7 during cool season to 79.7 during the El-
Nino phenomenon. Earlier studies demonstrated that the high
ambient temperature not only influence early embryonic and/
or fetal loss, but also influence the follicular development and
hence decrease the number of ovulation, the oocyte quality
and/or fertilization rate (7-9).

In the present study, the average THI was 79.2+3.5,
79.7+1.7 and 73.5+4.2 in hot, rainy and cool seasons,
respectively. The average THI observed during hot and rainy
seasons in Thailand are almost equal to the THI that observed
during the period of EI-Nino phenomenon in Brazil (79.7+4.0)
(7). This level of THI significantly reduced the number of
ovulation and the oocytes quality in cows (7). The present study
revealed that THI above 81 significantly increased MF in
primiparous sows, but not in multiparous sows. Therefore,
the control of environmental temperature and humidity for

pregnant gilts should be emphasized.
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Introduction

The reproductive function of the female pigs is difficult
to examine under field condition. Post-mortem examination of
the reproductive organs is a useful tool to obtain a potential source
of information on infertility problems (1-4). Factors causing
reproductive failure alter physiological status of the sow’s
endometrium in different pathways (5). However, the infiltration
of immune cells in cyclic gilts and sows is also influenced by the
estrous cycle and hormones (6-7). Progesterone (P4) increases
tissue proliferation, gland development and protein secretion
in the porcine endometrium (6). In addition, P4 increases the
susceptibility of the endometrium to bacterial infection and
may subsequently cause endometritis (8). The infiltration and
distribution of leukocytes in the porcine endometrium during
the estrous cycle have been comprehensively evaluated (6-7).
Lymphocytes are the predominant population in the endometrium
of the cyclic gilts, while the striking observation of numerous
neutrophils was found in the endometrium of pre-pubertal gilts
(6-7). The influence of stress on the reproductive function is
well established (9). In pig, cortisol is an important hormone
linked between stress and reproductive functions (9). However,
information on the influence of cortisol on the distribution of
immune cells in the uterine tissue of gilts and sows is limited.
The present study was performed to evaluate the influence of
cortisol and P4 on the distribution of leukocyte subpopulations
in the giltis endometrium.

Material and Methods

Tissue collection: Genital organs from 39 Landrace x Yorkshire
crossbred gilts culled due to vaginal discharge from two
commercial swine herds in Thailand were collected. The organs
including ovary, oviduct, uterus, cervix, vagina, vestibule, vulva
and urinary bladder were collected, placed on ice, and transported
to the laboratory within 24 h of culling. These organs were
examined to assess the stages of the estrous cycle and gross-
pathology (4). Ovarian appearance and component structures,
i.e. corpora lutea (CL), corpora albicantia (CA) and follicles, on
the ovaries were carefully examined. The uterine horns were
opened longitudinally and the endometrium was investigated.
Tissue samples were randomly collected from the uterus of the
gilts including two parts of each uterine horn. The samples
were fixed in 10% neutral buffered formalin for at least 24 h,

embedded in paraffin, and processed by use of an automatic
tissue processor. Each sample was embedded in paraffin block
using embedding instrument. The paraffin embedding was
cut with 5 um thickness by microtome. The slides were left
overnight at 37°C. The tissues were deparaffinized using
xyline, passed different concentration of alcohol and were
stained using haematoxylin for 5 min and eosin for 30 sec (H&E).

Histological examination: The sections were divided into three
layers for histological examination, i.e. epithelial, subepithelial
connective tissue and glandular layers. Immune cells, i.e.
lymphocytes, neutrophils, eosinophils, macrophages and plasma
cells in each layer were quantified under light microscope (400x).
For each section and each layer, 20 microscopic fields were
arbitrarily selected for investigation. Ocular micrometer with
25 squares corresponded to 15,625 wm? (400x) of real tissue
area and 125 um of real tissue length was used for counting the
number of immune cells in each area by movement of the ocular
micrometer across the entire area in a non-overlapping manner
(6). The number of immune cell counts was expressed as the
total number of cells per uterine section (20 microscopic fields).
The degree of endometritis was categorized into mild, moderate,
and severe condition on the criterion of neutrophil number
infiltrated into the giltis endometrium. In the follicular phase,
endometrium having neutrophils <80, 120, and >120 cells/ 20
microscopic fields, <9, 15, and >15 cells/ 20 microscopic fields
in the luteal phase, and <2, 3, and >3 cells/ 20 microscopic fields
in the inactive phase, were considered mild, moderate, and
severe endometritis respectively (12).

Hormonal analyses: Blood samples were collected from the
jugular vein prior to slaughter. They were centrifuged at 1,160x
g for 10 min. The sera were collected and stored at -20°C until
assay. Serum P, was analyzed by enzyme immunoassay (EIA)
using a P, monoclonal antibody (CL425) (10). Briefly, plates
(NUNC, Maxisorb), except for nonspecific binding wells, were
coated with 50 ul of antibody (1:7,500) and incubated overnight
(12 h) at 4°C. Plates were washed 5 times and 50 pl of P4
standard (0.78-200 pg/well), control and serum samples were
added, followed immediately by 50 nl of P4-horseradish
peroxidase (1:65,000). Plates were incubated at room
temperature for 2 h followed by addition of 100 ul of ABTS
substrate (40 pl, 0.5 M H,0,, 125 ul 40 mM ABTS in 12.5 ml
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0.96% citric acid solution). Plates were read at 405 nm (ELISA
reader, TECAN SUNRISE, Austria). Optical density (OD) for 0
wells was >0.7 to <1 OD. Assay sensitivity at 90% binding was
0.016 ng/ well. The intra assay CV for low and high controls was
6.15% and 9.05%, respectively. The serum cortisol level was
determined by enzyme immunoassay (EIA) (Active® Cortisol EIA
kit, Diagnostic Systems Laboratories, Inc., Texas, USA). The
assayed was performed according to the manufacturer’s
instructions. The principal of the procedure follows the basic
principal of EIA, which there is competition between an
unlabeled antigen and an enzyme labeled antigen for a fixed
number of antibody binding sites. A known amount of cortisol
was added to the assay in order to calculate the intra-assay
coefficients of variation, which were 0.84% and 0.33% for low
and high cortisol concentration, respectively.

Statistical analyses: Data were analyzed using SAS (SAS v. 9.0,
Cary, NC, USA). Numbers of cells were presented as the mean
number of cells per 20 ocular fields (312,500 wm?) in four tissue
sections. The data were analyzed using general linear model
procedure (PROC GLM). Normal distribution of the data was
tested using the UNIVARIATE procedure. A natural logarithmic
transformation was applied to the number of immune cells.
Least-squares means were obtained and were compared using
least significant different test. Spearman’s correlation was used
to analyze the association between cortisol, P4, and the number
of leukocytes subpopulation. p =0.05 was regarded to have
statistical significance.

Results and Discussion

From the appraisal of genital organs, the number of
gilts in follicular, luteal, and inactive phases was 10, 25, and
4 respectively. On average, cortisol concentration in the
slaughtered gilts was 430.6+68.3 nmol/l (range 46.6-1,656.0). P,
varied according to the ovarian appearance. On average, P,
concentration was 88.3%7.7 nmol/l during luteal phase, 20.6+6.2
nmol/l during follicular phase, and 18.5+14.7 nmol/l during
inactive phase. The most obvious leukocyte subpopulation in
normal gilts, mild, and moderate endometritis was lymphocytes
(in epithelium, subepithelial connective tissue, and glandular
layers: 16.4, 88.8, and 50.9 cells in normal gilts, 34.3, 58.1, and
38.63 cells in mild endometritis gilts), meanwhile, neutrophils
ware regarded as the most apparent subpopulation in gilts with
severe endometritis (46.6, 126.5, and 23.0 cells in epithelial,
subepithelial connective tissue, and glandular layers
respectively). Vividly, the subepithelial connective tissue layer
was the most prominent area in which the leukocytes infiltrated.
The number of leukocyte subpopulations of the endometrium
and the concentrations of cortisol and P4 classified by degree of
endometritis in subepithelial connective tissue layers are
demonstrated in Table 1. The gilts having severe endometritis
tended to have a higher cortisol level than the gilts having
normal endometrium (p=0.07).

In the epithelial layer, negative correlation between
P, and neutrophils was observed (r= -0.44, p=0.006). In the
subepithelial connective tissue layer, P4 was negatively
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correlated with neutrophils (r=-0.45, p= 0.004) and positively
correlated with eosinophils (r=0.46, p=0.003). Serum cortisol
was negatively correlated with lymphocytes in the subepithelial
connective tissue layer (r= -0.2, p=0.08) and in the glandular
layer (r=-0.2, p=0.09)

It is well-established that cortisol responses to stress
and causes immunosuppression (9). In the present study, high
cortisol concentration tended to decrease number of lymphocyte
in subepithelial connective tissue and glandular layers of the gilts.
Brandt et al. (11) demonstrated that the sows injected by ACTH
had far higher level of serum cortisol (336+55 nmol/l) than
the NaCl-injected (85£15 nmol/l) sows. The cortisol level in the
present study (430.6+£68.3 nmol/l) corresponded with the
ACTH-induced sows of Brandt et al. (11). This implies that the
endometritis gilts are stressful as indicated by the high level of
serum cortisol. The correlation between serum cortisol and
lymphocytes was apparently negative which seemed to
determine the immunosuppressive condition.

Table 1 Levels of serum cortisol (nmol/l), P4 (nmol/l) and
number of leukocyte subpopulations in the subeipthelial
connective tissue layers of the giltis endometrium by degree of
endometritis (meantSEM)

Parameters Normal Endometritis

Mild Moderate Severe
No. of gilt 13 6 5 15
Cortisol 277443 253+£59  636+266 566%140
P, 89+12 56£19 48+16 50+12
Lymphocytes 89435 58+17 93473 46+11
Neutrophils 443 23+11 48+23 126+26
Macrophages 1+£0.5 442 443 1+0.7
Eosinophils 64+18 19+6 31+13 19+7

Plasma cells 55424 19£10 82145 41£14
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Introduction

The age of puberty in gilts is normally defined as the
time of the first oestrus and ovulation with a
continuation of regular oestrous cycles. However,
under field conditions, the age at first observed
oestrus is normally used to define puberty in gilts.
An earlier study in a commercial swine herd in
Thailand has found that the gilts attain puberty at
about 195 day of age with a body weight (BW) of
106 kg (1). In practice, a great variation of age at
puberty in gilts is observed (1-3). Factors
influencing the attainment of puberty and the
oestrous cycle in gilts include oestrus detection,
season, confinement, boar exposure, nutrition and
disease (4, 5). Age at puberty of gilts differed among
breeds, with the average being highest in Duroc and
lowest in Meishan (2, 6). The age at puberty of gilts
is associated with their subsequent reproductive
performance, longevity and the reasons for culling
(1, 7). Culling of the gilts because of reproductive
failure increased from 18 to 25% when age at first
conception increased from 200 to 300 d (8). Delayed
age at first mating in gilts not only increases the
non-productive days from entry to conception but
also influences reproductive performance (1, 9). The
aim of the present study was to investigate
differences of age at puberty among the pig breeds
commonly used in commercial swine herd in
Thailand and housed in evaporative cooling system.

Materials and Methods

Animal and herd management: The study was
carried out in a commercial swine herds located in
the North-Eastern part of Thailand. The herd was a
breeding herd with number of sows on production of
about 4,000 sows. The herd produced replacement
gilts within the herd. The gilts in were housed in a
closed housing system facilitated with an
evaporative cooling system from birth until mating.
The gilts were kept in a pen with a group size of
between 6-10 gilts/pen with a density of about 2.0
m?/gilt. The present study included 6,463
replacement gilts that entered into the herds between
January 2004 and August 2007. The breed of the
gilts included Duroc (D), Landrace (L), Yorkshire
(YY) and crossbred between L and Y (LY). The gilts
entered into the gilt pools between 80 and 100 kg
BW. In the gilt pools, water was provided ad libitum
from water nipples. The feed was provided twice a
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day (3 kg/d). The feed was a corn-soybean-fish base
containing 18% crude protein, 3,200 kcal/kg
metabolisable energy (ME) and 1% lysine. Boar
contact and oestrous detection was applied to the
gilts between 24 and 35 wk of age once or twice a
day. The oestrus detection was carried out using the
observation of vulva symptoms and a back pressure
test. Gilts with clear vulva symptoms and/or
expressing a standing response in front of the boar
were defined as oestrus. The detection of oestrus
was performed by stock persons and the date of
oestrus was recorded in the herd book. In general,
the herds were recommended to breed the
replacements at about 32 weeks of age onwards with
a BW of >130 kg at the second or later observed
oestrus.

Data: Primary data were collected from the herd
book. The records consisted of gilts identities, breed
of gilts, birth date, date and BW of gilts when
entered into the gilt pools (~90 kg BW), date when
the gilts showed oestrus behavior, backfat thickness
(BF) and BW when the gilts were sent to the
breeding house. Variables like age at entry into the
gilt pools, growth rate (GR) and age at first observed
oestrus were calculated from primary data. The data
sets were scrutinized in search of any incomplete
records. Records of age at entry, age when the gilts
exit the gilt pools and also BW and BF that were not
within a biological limit were regarded as missing
data. Descriptive statistics for all parameters
investigated are presented in Table 1.

Health control and vaccination: The health of the
herds was monitored by the herd veterinarian. In
general, the veterinarian gave the recommendation
to vaccinate the gilts against FMD, SF, AD and PPV
at between 22 and 30 wk of age. At one week after
entering the herd, removal sows were taken to
acclimatize the gilts for about 4 to 6 wk period with
a ratio of one sow per six to 10 gilts. The
acclimatized sows were rotated weekly.

Body weight and backfat measurement: BW of the
gilts was determined when they were sent to the
breeding house using a conventional balance weight.
A-mode ultrasonography (Renco lean meater®,
USA) was used for the BF measurement. BF was
measured at the level of the last rib at 6 to 8 cm from
the mid line, on both sides of the gilt. The average
between the left and the right was calculated and
used as the BF of the gilt. GR (g/d) from birth until
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the gilts were sent to the breeding house was
calculated (GR = (BW at exit — 1.5/age at exit)
x 1000).

Statistical analyses: Statistical analyses were carried
out using SAS (10). The age at puberty was
analyzed using multiple ANOVA. The model
included breed, year and season (winter, Nov-Feb;
summer, Mar-Jun; rainy, Jul-Oct). Least-square
means were obtained from each class of the factors
and were compared by using Tukey-Kramer test.
p<0.05 were considered as statistically significant.

Results and Discussion

On average, the gilts entered into the gilt pools at
168+19 d of age and exited the gilt pools at 217+15
d of age. Of 6,463 gilts, 4,004 gilts (62%) had been
detected for first oestrus before sending to the
breeding house. The average age at first observed
oestrus in each breed are presented in Table 1 and 2.
Gilts attained puberty during rainy (182 d) were
younger than gilts attained puberty during winter
(191d) (p<0.001) and summer (186 d) (p<0.001).
Age at first observed oestrus did not differ
significantly among breeds (p=0.2) (Table 2). On
average, the interval from entry into the gilt pools to
first observed oestrus (EOI) was 23+15 d (range
0-97). Gilts showed first oestrus during rainy (19 d)
had a shorter EOI than gilts showed first observed
oestrus during winter (26 d) and summer (25d)
(p<0.001).

Table 1 Descriptive statistics

Parameter N Mean+SD Min Max Top

10%

Age at 4004 18517 138 274 163

puberty (d)
GR (g/d)
BW (kg)
BF (mm)

4879
5669
4796

594457
130+13
13.6+3.2

359
80
55

887
197
33

667
148
10.0

Table 2 Number of gilts (N), growth rate (GR), body
weight (BW), backfat thickness (BF) at about 91 kg BW
and age at first observed oestrus (Age) by breeds

Breed N GR BW BF Age
(g/d) (kg) (mm) (d)
Duroc 154 596° 128%® 12.6° 187°
Landrace 210 591° 128° 12.7° 182°
Yorkshire 318 583 127° 12.9% 184°
LY 5436 595° 131° 13.8° 186°

b Different superscript within column differ significantly
(p<0.05); LY=crossbred LandracexYorkshire

In the present study, the age at puberty of gilt varied
from 138 to 274 d. This is within the biological
range that have been reported earlier (1-3). The
means age at puberty of each breed was comparable
to those in Europe (2, 6, 13). To our knowledge, this
is the largest material concerning puberty
attainments of gilts kept in evaporative cooling
system under the tropics. Among the pig population
worldwide, the variation of the mean age at puberty
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in Duroc was 195 to 263 d, L was 173 to 198 d and
Y was 173 to 215 (2). In the present study, the mean
age at puberty of L and Y gilts are among other
population in the world. However, the age at puberty
of D gilts was relatively low compared to others.
The reason is not known but it might be due to the
genetic improvement in this trait in the D
population.

In the present study, the age at puberty is concerned
because today the consumer demands for leaner pork
have lead the genetic selection trend to increase lean
tissue growth and reduce body fat (2). This selection
trend resulted in a delayed in age at puberty and a
decrease in energy store for subsequent reproductive
function (2). In the present study, it was found that
variation of age at puberty in gilts is relatively high
even in the same population (same feed and
management). This indicates that there was still
possibility of improving age at puberty via genetic
selection. Recent study in Thailand based on L
population found that the heritability estimated for
age at first conception was 0.21 and the age at first
conception in L kept in traditional open house
system in Thailand was 251 d (11). Due to a rather
high heritability of age at puberty in pig, observation
and awareness on the puberty attainment of gilts in
commercial herds is of important to make reflection
to the breeders. However, many management factors
for improving age at puberty in gilts should also be
taken into account, for instance housing, air quality,
temperature and boar exposure (4, 12). In Thailand,
high ambient temperature and/or high humidity
might play an important role in the variation of the
growth performance and age at puberty. Tummaruk
et al. (13, 14) demonstrated that gilts with a low GR
were older at first mating compared with high GR
gilts. This is due to the reason that gilts grow faster
tend to reach a minimum threshold of age, BW and
BF for puberty attainment before those having a
slower GR. In addition, restricted feeding during 74
to 180 d in gilts resulted in a 10 kg reduction of BW,
a 3 mm reduction of BF and delayed puberty for 5 d
(3). Under tropical climates, feed intake of the gilts
is highly dependent on ambient temperature (15).
The old age at puberty observed during winter in the
present study might be due to the decrease of feed
intake and poor growth, when they were grower,
during summer and rainy season.

In conclusions, the gilts kept under evaporative
cooling system attained puberty at a comparable age
to those in Europe. A large variation on age at
puberty of gilts in the same population suggested
that both genetic selection and management could be
improved. No difference on age at puberty among D,
L, Y and LY was found in this population.
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similar to or even below baseline values. The collected data suggest a
significant and so far not recognized influence of spermatozoa on the
regulation of the uterine immune responses after insemination.
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Effect of dietary supplementation with salmon oil on

cryopreservation of boar semen

Amorim, LSt Torres, CAAZ*, Amorim, EAM2, Graham, J2

1Department of Biomedical Sciences, Colorado State University, Fort Collins,
CO, United States; 2Animal Science Department, Federal University of
Vigosa, Minas Gerais, Brazil

Cryopreservation of boar semen is not common, as the damage caused
to the cells is extensive. The fatty acid composition of boar
spermatozoa contain some docosapentaenoic acid (DPA) and
docosahexaenoic acid (DHA). The increase in the freezability of boar
spermatozoa by enhancing the DHA content of the plasma membranes
via changes in the lipid content of the feed is considered. The
objective was to find out whether DHA, given as salmon oil
supplementation, may have a beneficial effect on cryopreservation of
boar semen. Twenty-four boars Dalboard 85, 1-2 years old, were
distributed in a completely randomized factorial design (2x3) with
two oil sources (soybean and salmon) and three levels of antioxidant
(150, 300, and 450 mg of vitamin E/kg). The diets consisted of a basal
diet that was supplemented with 35g soybean or salmon oil (SO) per
kg diet. During a period of 10 weeks of feeding the diets, one
ejaculate from each boar was collected per week. An aliquot of the
sperm rich fraction was diluted 1:1 (v:v) in BTS and used for
assessment of fresh semen quality and sperm lipid analysis. Semen
was diluted with BTS at 30 °C and after kepted at 24 °C for 1 h, and
then, centrifuged with centrifugation diluent (CD) and rediluted with a
freezing extender (50 ml of 11% lactose in distilled water + 20 ml of
egg yolk, + 25 ml of CD, 1.5 ml Equex, 6 ml of 85% glycerol) to a
final concentration of 500x106 cells/ml and filled French straws (0.5
ml; Minitub, Brazil) and stored for 1 h at 5 oC. After, samples were
frozen 5 cm above liquid nitrogen. Thawing was in a noncirculating
water-bath 37 °C for 20s. For determining the fatty acid composition
of the spermatozoa, a sample of approximately 15 ml was taken from
each ejaculate shortly after collection and centrifuged for 20 min at
1000 x g. The remaining semen was frozen until analysed. Sperm
motility, morphology and lipid composition were assessed in fresh
and frozen-thawed samples. The DHA increased in the SO-group
from 23.3 to 46.7% and the DPA decreased from 11.5 to 5.2%
(P<0.01). The concentration of these fatty acids was unchanged in the
control group. Eicosapentaenoic acid was not found in any sample.
The total number of sperm per ejaculate, motility and quality
parameters was increased in the SO-group (P<0.05). Salmon oil
supplementation increased the content of DHA in the spermatozoa
membranes and improves the freezability.

Suported by FAPEMIG, CNPq, Lagoa da Serra, Minitub.
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Seasonal variation on age at first observed oestrus in

Landrace x Yorkshire crossbred gilts in Thailand
Tummaruk, P*; Tantasuparuk, W; Techakumphu, M; Kunavongkrit, A
Faculty of Veterinary Science, Chulalongkorn University, Bangkok, Thailand

Introduction The age at first observed estrus in gilts is associated
with their subsequent reproductive performance, longevity and the
reasons for culling. Delayed age at first mating in gilts not only
increases the non-productive days from entry to conception but also
influences reproductive performance. The present study investigated
the influence of season on age at first observed oestrus in 5
commercial swine herds in Thailand.

Methods The study was carried out on 5 commercial swine herds in
Thailand (herds 1-5) and included 10,392 Landrace x Yorkshire (LY)
gilts that entered into the herds between Jan 2004 and Mar 2007. The
gilts entered into the gilt pools at 80-100 kg BW. The outdoor
maximum temperature and average humidity in this area in winter
(Nov-Feb), summer (Mar-Jun) and rainy (Jul-Oct) was 32.8°C/64.5%,
35.1°C/70.5% and 33.1°C/75.5%, resp. Boar contact and oestrous

detection was applied to the gilts between 24 and 35 wks of age once
or twice a day. The oestrus detection was carried out using the
observation of vulva symptoms and a back pressure test. The age at
first observed oestrus was analyzed using multiple ANOVA. The
statistical model included herd, year, season and interaction between
herd and season. Least-square means were obtained and were
compared.

Results The gilts entered into the gilt pools at 170 d of age and exited
from the gilt pools at 230 d of age. Of these gilts, 61% showed first
oestrus before sending to the breeding house. The average age at first
observed oestrus was 203+29 d. The proportion of gilts that could be
detected for the first observed oestrus was 50, 52, 82, 60 and 62% in
herds 1-5, resp. The ages at first observed oestrus were 220, 190, 196,
188 and 241 d in herds 1-5, resp. (P<0.001). Gilts showed first oestrus
during summer were younger than gilts showed first observed oestrus
during winter (P<0.001) and rainy (P<0.001) (202 vs 205 and 207 d,
resp). However, the effect of season on age at first observed oestrus
differed among the herds. The gilts that showed first oestrus in
summer were youngest in 3 herds, oldest in 1 herd and intermediate in
1 herd.

Conclusions The present study demonstrated that crossbred LY gilts
in Thailand showed first observed oestrus at 203 d of age. Of these
gilts, only 61% could be detected for oestrus before sending to the
breeding house. A large variation on age at first observed oestrus was
observed among the herds. These data indicated that oestrus detection
in the gilt pools should be improved.
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Prostaglandin E2 and F2a synthesis in corpus luteum

and uterus during periimplantation period in the pig
Wasielak, M*; Kaminska, K; Glowacz, M; Bogacki, M

Institute of Animal Reproduction and Food Research of Polish Academy of
Sciences, Poland

The main luteolytic factor in the pig is prostaglandin (PG) F2a, while
PGE2 acts in a luteotrophic manner. The terminal enzymes in PGE2
and PGF2a synthesis are prostaglandin E2 synthase (mPGES-1) and
prostaglandin F2a synthase (PGFS), respectively. One of the potential
mechanisms of corpus luteum (CL) protection against luteolysis is a
retrograde transfer of PGF2a from the venous and lymphatic vessels
to the uterine lumen. Additionally, embryonic estrogens on day 11 of
pregnancy may initiate PGF2a release into the uterine lumen and
increase endometrial PGE2 secretion. Besides uterine also luteal PGs
are involved in the autoregulation of CL function. The aim of the
study was to determine 1) the expression of mPGS-1 and PGFS genes
in porcine CLs and uterine tissues using real-time RT PCR and 2) PGs
content in CL uterine tissues and uterine flushings from gilts on days
12-14 of pregnancy and 12-14 of the estrous cycle. For this study a
surgically-generated model of porcine uterus was used in which part
of the uterine horn was surgically disconnected. All gilts were treated
hormonally and then one group was inseminated (n=6). In these gilts
embryos developed only in a one of the uterine horns. The control
group (n=6) consisted of gilts subjected to the surgical procedure and
hormonal treatment but not inseminated. CLs from both ovaries, ipsi
(CL1)- and contralateral (CL2) to the uterine horn with the developing
embryos, uterine tissues from both parts of the uterus and uterine
flushings were collected. The expression of mPGES-1, PGFS genes
and mPGES-1/PGFS ratio were significantly higher in CLs of the
pregnant gilts compared to CLs from ovaries of the cyclic gilts. There
was no difference in mPGES-1, PGFS genes expression and mPGES-
1/PGFS ratio between corpora lutea ipsi- (CL1) and contralateral
(CL2) to the uterine horn with the developing embryos. The highest
content of PGE2 was found in CL1 of the pregnant gilts. The
PGE2/PGF2a ratio was significantly higher in CL1 of the pregnant
gilts compared to CL from parallel ovary of the cyclic gilts. Both
PGE2 and PGF2a concentration in uterine flushings was the highest
in horn with developing embryos. There were no differences in PGs
content in endometrium between pregnant and cyclic gilts. These
results suggest that embryo presence increase the release of PGE2 and
PGF2a to the uterine lumen. The activity of the investigated genes in
CL is induced by embryonic compounds which are not distributed
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The removal of gilts and primiparous sows from swine breeding herds in Thailand
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1. Chulalongkorn University, Bangkok, Thailand; 2. Kasetsart University, Bangkok, Thailand

Introduction

In general, the removal of sows from breeding herds consisted
of planned (i.e., old and low productivity) and unplanned (e.g.,
reproductive failure, lameness, sudden dead) reasons (1). It has
been demonstrated that at least three litters are required from
sows before a positive cash flow could be obtained (2). Unfortu-
nately, 15-20% of the removal sows produced only one litter (1,
2) and most of these were culled due to unplanned reasons (1).
The objective of the present study was to evaluate the pattern
and reasons for culling gilts and primiparous sows in swine
herds of Thailand.

Materials and methods

Data from 38,323 gilts and sows culled from eight swine herds
in Thailand between 2006 and 2009 were included. The herds
are located in the eastern, western, middle, and northeastern
parts of Thailand between latitude 14-17 °N and longitude
102-103 °E. The sow on production in the herds was between
1,600 and 4,000 sows. The sow breeds were chiefly Landrace x
Yorkshire (LY) crossbred and some were L and Y. Conventional
artificial insemination (Al) was used in all herds. Most gilts and
sows were housed in a conventional open-housing system with
water sprinklers and fans. They were kept in individual stalls dur-
ing gestation and in individual farrowing pens during lactation.
All herds produced replacement gilts within the herd by their
own grandparent (GP) stocks (L and Y). In general, the gilts were
mated at 232 weeks of age with 2135 kg of body weight at the
second or later observed estrus. Vaccination for gilts and sows
included foot-and-mouth disease, classical swine fever, Aujesz-
ky’s disease, porcine Parvovirus, and arthrophic rhinitis. The gilts
and sows received ad libitum water via water nipples. The feed
was provided once or twice a day (about 1.5-3.5 kg/day/head
during gestation and 5.0-7.0 kg/day/head during lactation). The
feed was rice-maize-soybean-fish base containing 150-180 g
crude protein, 12.1-13.4 MJ metabolizable energy and 8-10 g
lysine/kg. Generally, the planned removal was performed after
the sows reached the sixth parity.

Results and Discussion

Of all slaughtered females, 14.5% (n=5,543) and 13.8% (n=5,302)
were removed as gilts and primiparous sows respectively (Figure
1). Of all the removed females, 93.2% was sent to slaughter-
house, 6.8% was found dead, and 0.02% was euthanized. The
reasons for culling of gilts and primiparous sows are demon-
strated in Table 1.
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Figure 1 Percentage of gilts and sows removed from herds by parity
number at removal (n=38,383 females)

Table 1 Reasons for culling in gilts (n=5,543) and primiparous sows
(n=5,302) in 8 swine herds in Thailand

Reasons for culling Gilts (%) Prlmlpa::/:))u s sows
Anestrus 26.5 143

Not pregnancy 222 10.4
Vaginal discharge 14.0 15.1
Abortion 113 6.1
Lameness 9.1 173

llness 46 11.9

Others 12.2 25.0

The present study indicated that reproductive disorders are the
most common reason for culling gilts and primiparous sows,

in agreement with earlier studies (1,2). Most of the reproduct-
ive problems of the female included anestrus, not pregnancy,
vaginal discharge, and abortion. In addition, it also indicates
that at least 28.3% of the female produced only one litter or less
when they were culled.

References
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ABSTRACT

The aim of the present study was to evaluate the influence of age at puberty of gilts on their
subsequent reproductive performances and longevity. The study was conducted in a swine commercial
herd in Thailand between 2006 and 2008. A total of 5,649 Landrace x Yorkshire crossbred gilts were
included. The gilts were classified into 5 groups according to age at puberty as 147-180, 181-200, 201-
210, 211-220 and >220 days of age. The reproductive performance evaluated included age at first
mating, age at first farrowing, number of total piglets born per litter (TB), parity at culling and reason for
culling. The results revealed that gilts attaining puberty between 181-200 days of age had a larger TB in
parity 1 than gilts reached puberty between 201-210 days (10.2+0.1 vs 9.9+0.1 piglets/litter, P<0.05).
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The gilts mated for the first time at <32 weeks were younger at puberty than the gilts mated for the first
time at >32 weeks of age (200.8+13.7 vs 206.0+17.2 days, P<0.001). The culling of gilts and
primiparous sows was frequently found in the gilts that had a delayed puberty problem more than those

that attained puberty early.
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Abstract

The present study aims to investigate the culling pattern of gilts and sows and the influence of culling reasons on longevity
and NPD in a swine breeding herd in Thailand. A total of 3,175 gilts/sows culled during Jan 2005 and Dec 2007 were included.
NPD was defined as the number of days from entry to removal, mating to removal, farrowing to removal or weaning to removal.
The results revealed that gilts/sows were culled due to old age (36.5%), reproductive failure (25.5%), locomotor problems
(8.3%), sick/death (6.1%), poor conformation (4.6%) and miscellaneous (19.1%). On average, sows culled due to old age
produced 6.4 litters, while gilts and sows culled due to other reasons produced 1.5 to 2.8 litters. Gilts and sows culled due to
reproductive failure produced 2.2 litters. The reproductive failure of gilts and sows included not being pregnant (32.2%), vaginal
discharge (17.5%), abortion (17.1%), anoestrus (10.2%), dystocia (9.9%) and miscellaneous (13.2%). On average, the NPD was
highest in sows removed due to reproductive failure (50.2 d) and lowest in sows removed due to old age (8.6 d). Most of the

sows having reproductive failure were culled during post-insemination (56.1%) and post-partum period (33.5%).
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Introduction

In general, removal rate of gilts/sows in a swine breeding herd accounts for 40-55% annually (D’ Allaire et al., 1987; Lucia
et al., 2000; Engblom et al., 2007). High removal rate is associated with a shorten longevity, a lower parity number at culling
and a longer non-productive day (NPD) (D’Allaire et al., 1987). On average, the longevity of sows in the breeding herd is 580-
620 d and parity number at removal of the sows is 3-5 (Koketsu et al., 1999; Lucia et al., 2000). Engblom et al. (2007)
demonstrated that sows culled because of old age had the highest piglet production, while sows culled because of reproductive
disorders had the highest NPD. Earlier studies have shown that gilts removed from breeding herds utilized 96 to 120 NPD
(Lucia et al., 2000; Tummaruk et al., 2008). Most of the gilts (65%) were culled due to reproductive disorders (Lucia et al.,
2000). High removal rate contribute to the lower number of pig wean/sow/year and increase the cost of pig production.
Information of the reason for culling in gilts and sows can be useful for identifying diseases and/or management problems.
Earlier studies on culling pattern of gilts and sows are available in Europe and North America (Lucia et al., 2000; Engblom et
al., 2007). Limited information is available in Thailand. The present study aims to investigate the culling pattern of gilts and

sows and the influence of culling reasons on longevity and NPD in a swine breeding herd in Thailand.

Materials and methods

The study was conducted in a swine breeding herd in the north-eastern part of Thailand. Data were collected during a 3-
years period from Jan 2005 to Dec 2007. The average number of sow inventory during this period was 2,488 sows. A total of
3,175 Landrace x Yorkshire crossbred gilts/sows culled during this period were included. Data of the culling gilts/sows were
extracted from the computer recording system of the herd (PigLIVE®, LIVE Informatics Co., Ltd., Thailand) and were
scrutinized for correctness. The data included sows identities, culling date, parity number at removal, culling reasons, stages of
the reproductive cycle when the sows were removed and NPD. Culling reasons were classified into six groups, i.e. old age,
reproductive disturbance, locomotor problems, sick/death, poor conformations and miscellaneous causes. The sows with parity
number between 0 and 4 and were culled due to old age (4.1%) were included in miscellaneous group. ‘Reproductive
disturbance’ was defined as the gilts/sows that were culled due to not being pregnant, repeat breeding, no heat, vaginal
discharge, abortion, not-in-pig, dystocia, uterine/vaginal prolapse, mastitis, agalactia, high stillborn/mummies, low number of
piglets born alive per litter and poor maternal behavior. ‘Locomotor problems’ was defined as gilts/sows that were culled
because of lameness and down sow syndrome. ‘Sick/death’ included the gilts/sows culled due to sudden death, sickness,
respiratory disease, diarrhea, skin disease, rectal prolapsed and trauma. ‘Miscellaneous’ included gilts/sows that were culled due
to poor body condition score and unknown causes. NPD was defined as the number of days from entry to removal, mating to

removal, farrowing to removal or weaning to removal.
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The herd produced replacement gilts within the herd. The gilts and sows were housed in a conventional open housing
system facilitated with a water sprinkler and fan and the boars were kept in an evaporative cooling system. The health of the
herds was monitored by the herd veterinarian. The veterinarian recommended vaccinating foot-and-mouth disease, swine fever,
Aujeszky’s disease, porcine parvo virus and arthrophic rhinitis. The gilts were mated at >32 wk of age with a body weight of
>135 kg at the second or later observed oestrus. Mating technique was performed by conventional Al. The gilts and sows
received water up to ad libitum. The feed was provided twice a day with a corn-soybean-fish base containing 15-18% CP, 3,000~
3,200 kcal/kg ME and 0.9-1.0% lysine. The statistical analysis was performed using SAS (SAS version 9.0, Cary NC, USA.).
Culling reasons, NPD, reproductive cycles and parity number at removal were analyzed using descriptive statistics for

quantitative data. Qualitative data were evaluated using frequency analysis and » x k contingency table.

Results and Discussion

The annual removal rate of the gilts/sows during 2005-2007 was 42.5%. Descriptive statistics on the proportions of
gilts/sows removed, parity number at removal and NPD are presented in Table 1. On average, sows culled due to old age
produced 6.4 litters, while sows culled due to other reasons produced 1.5-2.8 litters. NPD was highest in sows removed due to
reproductive failure and lowest in sows removed due to old age (Table 1). Fig 1 demonstrates culling reasons of gilts/sows by
parity number at removal. Reproductive failure was commonly observed among gilts (53.4%) and primiparous sows (37.2%).
Most of the reproductive failure occurred after insemination (56.1%) and after parturition (33.5%). Common reproductive
failure in gilts included anestrus and vaginal discharge. At weaning, old age was the most common removal reason (63.3%).
Sick/sudden death was frequently observed during post-partum period (18.5%).

The removal rate in the present study is within the range reported earlier in Europe and North America (D Allaire et al.,
1987; Engblom et al., 2007). The present study indicated that sows removed due to old age had a longer longevity than sows
removed due to other reasons. This is in agreement with earlier studies (Koketsu et al., 1999; Engblom et al., 2007). In the
present study, sows culled due to old age produced at least three litters more than sows removed due to others reasons.
Reproductive failure is the most common unplanned removal reason and is frequently observed among gilts and primiparous

sows. Therefore, special emphasized on the reproductive problems among gilts and young sows is recommended.
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Table 1 Descriptive statistics
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Culling reasons N Percentage Parity number at removal ~ NPD
Old age 1,158 36.5 6.4 8.6
Reproductive failure 808 25.5 2.2 50.2
Locomotor problem 262 8.3 24 20.3
Sick/death 193 6.1 2.8 30.4
Poor conformations 147 4.6 1.5 304
Miscellaneous 607 19.1 2.8 35.0
Total 3,175 100 39 27.4

! Non-productive day, 14 sows (4.4%) were excluded due to NPD above 300 d
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Fig I Culling reasons of gilts and sows by parity number at removal in a swine commercial herd in Thailand during 2005-2007

(n=3,175 gilts/sows), Parity number 0 = gilt
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Introduction

Under field conditions, the annual
replacement of sows by gilts accounts for 40-55%
(1). Longevity of sows in the breeding herd is
about 580-620 days (1). The beginning of the
reproductive herd life of the gilts is associated
with their subsequent reproductive performance
and longevity (2, 3). The present study aims to
evaluate the influence of body weight (BW) and
average daily gain (ADG) of replacement gilts
on their subsequent reproductive performance.

Materials and Methods

The study was conducted in a swine
commercial herd in the middle part of Thailand
during 2006-2009. A total of 5,649 Landrace x
Yorkshire crossbred gilts was included. The gilts
were classified according to BW when entering
to the breeding house (110-130, 131-135, 136-140,
141-145, 146-150 and >150 kg) and ADG from
birth to entering the breeding house (300-550,
551-600, 601-650 and >651 g/d). Reproductive
performance data were collected and merged
with the data of replacement gilts. The
reproductive traits analyzed included age at first
mating (AFM), age at first farrowing (AFF),
number of total piglets born per litter (TB),
number of piglets born alive per litter (BA) and
farrowing rate (%). Statistical analyses were
performed using general linear models
procedure (AFM, AFF, TB, BA) and logistic
regression (FR). The statistical models were
adjusted for the influence of parity, season and
year. p<0.05 were regarded to have statistical
significance.

Results and Discussion

The results revealed that the gilts mated
for the first time before 32 weeks of age had
higher ADG than those mated after 32 weeks of
age (p<0.001) (Table 1). Primiparous sows
farrowing earlier than 49 weeks of age had
higher ADG than those farrowing after 49 weeks
of age (p<0.001) (Table 2). In the first parity, gilts
with a BW of 110-130 kg had lower TB and BA
than those with BW of >150 kg (9.87+0.22 versus

10.34+0.26 TB, P=0.02 and 9.25+0.21 versus
9.61+0.24 BA, P=0.002). Gilts with BW of 110-130
kg tended to have lower FR (80.1%) than those
with BW of >150 kg (87.6%) (p=0.124).

Table 1 Influence of body weight (BW) and
average daily gain (ADG) of replacement gilts
on age at first mating

Parameters Age at first mating (weeks)
<32 (n=1,039) >32 (n=1,575)

BW (kg) 138.9+5.42 139.6+5.9°

ADG (g/d) 627.0£28.2¢ 587.6+34.3¢

ab p=0.002; ¢4 p<0.001

Table 2 Influence of body weight (BW) and
average daily gain (ADG) of replacement gilts
on age at first farrowing

Parameters Age at first farrowing
(weeks)
<49 n=1,089) >49 (n=1,059)
BW (kg) 139.245.62 139.7+6.0°
ADG (g/d) 622.4429.2¢ 583.3+33.9¢

ab p=0.02; <4 p<0.001
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