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Abstract 

The present study investigated the effects of season, outdoor climate and 

photo period on age at first obseNed estrus in Landrace x Yorkshire crossbred gilts 

and investigated the influence of backfat thickness on litter size at birth of the first 

parity sows. Experimental I was carried out in 4 commercial swine herds in Thailand 

and included 10,434 gilts. Experimental II included 201 Landrace x Yorkshire gilts 

raised in a conventional open housing system from the eastern region of Thailand. In 

experimental I, the gilts entered the gilt pools at 173.9 days of age (91.9 kg) and 

exited at 225.5 day of age (131.3 kg). Estrus detection was carried out after the gilts 

have entered the gilt pool by back pressure test with a fence line boar contact. Of 

these gilts, 64.00/0 (6,677/10,434) exhibited standing estrus at least once before being 

sent to the breeding house. On average, the gilts exhibited first estrus at 31.6±0.3 

days after entering the gilt pool; and their average age at first obseNed estrus was 

199.0±0.4 days. Gilts exhibiting first standing estrus in the cool season (211.1±0.S 

days) were older than gilts exhibiting first estrus in the hot (20S.7±0.6 days, P=0.012) 

and the rainy (207.4±0.5 days, P<O.OOl) seasons. However, the gilts entering the gilt 

pool in the cool season (31.4±0.5 days) had a shorter inteNal from entry to first 

obseNed estrus than the gilts entering the gilt pool in hot (37.5±0.5 days, P<O.OOl) 

and rainy seasons (34.3±0.S days, P<O.OOl). Gilts exposed to a high temperature, a 

high temperature humidity index (THI) or a short photo period during the 30 days 

before entering the gilt pool were older at first obseNed estrus than gilts exposed to 

a low temperature, low THI and/or long photo periods. An increase in photo period 

for 1 h resulted in a decrease in age at first obseNed estrus by 3.04 days (P<O.OOl). 

Gilts with an old age at entering the gilt pool (i.e., delayed age at first boar exposure) 

were also older at first estrus than gilts with a young age at entering the gilt pool 

(r=0.445, P=0.005). Therefore, an intensive and careful estrus stimulation/ detection 

should be performed in gilts entering the gilt pool in the hot season. Additionally, 

housing, lighting regimen and feeding management should be well prepared for 

young gilts that were expected to enter the gilt pool in the cool season. Moreover, 

age, body weight and growth rate of the gilts should be carefully determined before 

entering to the gilt pool. Inexperimentalll, the measurement of backfat thickness was 

performed in gilts by using an A-mode ultrasonography at the first mating day, 70 
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days of gestation period, and one week prior to farrowing. The gilts were categorized 

on the criterion of backfat thickness level into 3 groups, i.e., high (17-20 mm), 

moderate (14-16.5 mm), and low (11.0-13.5 mm) backfat thicknesses. The results of 

the study revealed that the gilts with high backfat thickness at the first mating day 

possessed the biggest litter size 03.1±0.5 piglets), respect to the moderate and low 

backfat thicknesses which held 12.0±0.4 and 12.0±0.6 piglets respectively. 
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'U'VI'l11 

(Introduction) 

nl'~b~~tJlJ?ln'j?l111Vf~tb~~Vl5.nl'WI.~e:lbUtll.l.lJcW'LI5V1~I.1., Vltll.u'Wnl1ll'jn ~~~~ht, I. ~lJ, 
~~ ~~~1Vfn'U'rh~lJ?ln'j~€l-l.llJcW'LI5 1.1,~~~~<11'L1Vl'LInl'j~~~ 1'Ut:J,:j?ln'jY(11tJ~~~nl'j'l.'h?fn'j?fl1 I. ~llJl 

, , , 'IJ , , 

Vl~I,I.VI'LIl,l,lJ?ln'j'\..b~lJlru 40-50% ~€ltl vh1m~mo~mr~~1'L1~B,:j?ln'j?l111'L1'V11.htJfll'j~~~~€l,:j?fn'j, " 
u'U I. U'LIfl~lJvhvHU~?I~1'LIt:J,:j ~~t:.J~~~€l,:j?ln'j?l11~,:j~fll1lJ~1r1ru~€l~~~~~1~tJbO~tJ~€l~vh~lJLU'LI 

, OJ, 'IJ , OJ 

€l V1,:jlJl n ?I n'j?l11~ijtb~~Vl5.nl'W A€l ?In'j?l11~til b~"It:J\l bl.~li1nl'j LI.?I~,:j f11'j1.UtI~~tJ fl~ ~ fll'j~ fl 
, , 'IJ 

1~lJlfl tJBlJ-r'Ufll'j~?llJ ?lllJl'j(l~,:jYJ€l,:j1~ 1.1,~~?lllJl'j(l1Vf~~t:.J~~l~€lVl,:j~Bb~€l,:jl,l~~iJ LI.'LI11,JlJ 

I.~lJ~'LI~llJcll~'UYJB,:j I.LlJ?ln'j1~tJy(11tJ~~ntJ.nT'v'JVll,:jnl'j~'UcWtl5?1,:j?f~'j~'VI11,:jYJB,:j 3-6 f11'jr1~~,:j
, ''IJ , 

I,LlJ?lfI'jr1B'LI1Vft:-J~t:.J~~l~fl'j'U 6 YJ€l\l ~,:j~c.J~f1'j~VI'UtJ'j~~Vl5.nl~f11'jt:.J~~~B\lt:J\lbl,~~1.~lJ~'LIVl'LInl'j
, 'IJ , 

t:.J~~~f1?1f1'j, , 
1'LI1,1,~~~tJ~?I fl'j?l11'<\Jl'L11'UlJl fl~(lflr1~~':lfl€l'UI,~lJ1i\ll'L1I.I.~~~fl~l'L1(l flr1~~\l'VI~\lc.J?llJ ~\l 

, 'IJ " 

?Ill.'VI~~€l\l f11'jr1~~,:j~1'L11 'VIru I,fl~~lniJru"'lVll,:j'j~'U'U~'UcW'W5 f11'jr1~ 1.~€lfl?ln'j?l11Vl~LI.Vl'LI1VfiJ 
, OJ OJ , , 

tJ'j~~Vl5nly.j?l\lc.J~~€l?llJ'j'j(l.nl~Vll,:j nl'j~'UcW'LI5~~llJlJl~€l\l?l,fl'j I.blJ~'LIu1 'LIcJ\l ~~€l~~'W€lltJflld, 1i, ,,, 
\ll'L1~B\l I.l,ll?lfl'j~'LI5 1~ mo~tJ?ln'j?l111,I,?I~\l€llnl'jl,u'LI~~)I,I,~~{9)f11~fl~\lI.1.'jn (I,~1?llm~~rucW'LI5) ~ 

" , 'IJ OJ 1 

€lltJtJ'j~lJlru
, 

200 1'L1 BltJl,~B~,:jlm~~rucW'LI5~'Wn'U~'VI5'W~~€l\l~\l~'LIuflddlJ
Q.I, 

f11d~~f11d €l1'V!1'j
, , 

f11d~lJcr?lyJB~nd bl,~~ ~~f11~ f11'j~~f11'j~~1r1~~1'V!-r'U~f1d?l11~b~llJllU~\l tJd~f1€l'U~ltJ nl'j 

~~ f11'j~1'L1?1~nl'W nldfld~ <11'WniJ AlJn'LI nldfl'j~ ~'U f11'j I.U'LI~~ 1.1.~~~dl~ I, ~fl~~ f11dtJd'U€l1'V!1'j, , " , , 
f11dtJd~ biJ'LIJ1'V!11f1~1 1,1,~~fll1lJ?flJ'Udrur1B'LIi:I,:j~'LIt:.J?llJ~'W5 f11dl1\l bl,t:-J'LI1'Wnld~~ f11d~1'L1~1\l 'l" , 
I,'V!~ld ~~~1 tJ1VI?lllJl'j(lt:.J?flJ'\~\J5?1fld?l111~.nltJ1'LIb1~1~ b"'lJl~?llJ, , 

f11dt:.J?llJcW'LI5?1nd?l11 €lVl\1iJtJ'j~~Vl5.nl'W .nl tJ1'LI b1~l~llJil bfl'LIltJ~ ~~1 tJ~~'<\Jl'L11'Wl'L1 
" 

?lrul,~mL~~~~<11'L1V1'L1 1~tJy(11tJ~,:j~ Ufll~tJ Unr.1~l'Ul~ I,b~~bfl~~dfld f11i1\1'V!~\l~~~'U1~t:.J?llJvr'LI5 
'IJ OJ , , 

.ell Q I "".... ~ Q.I .. d "1 "1 !U "" 

?lfI')?ll1 fl€l ud~?I'VIu.n1'WV11\1d~'U'U6'I'U'W'LIuVl~~(9)llJlJl I.I,~~ d~tJ~ b1~1 b 'LIfild bVlt:.J~t:.J~(9), , 
(longevity) i1f11'jl~tJ'V!(;11 tJ fl~\l~~'Ul1 nl'j~~~'LI1~ t:.J?llJ~'LI~~f1d?l11 ?lllJl'j(l?l\lt:-J~~€l?llJd'j(l.nl'W 
flld~'U~'LI5~~llJlJ11~ I.~'LI I,dB€)ltJ~fl(;1€l~fl~\lI,1.dfl~€l\l?lfl')?ll11.~lJ~'LI~'LI1~ fld€)f1n~~1'V!ru~'LI1 'W 

, q, OJ 

fld€lfll,b 'jfl bl.~fh bU~tJ~€l\l6:il~'Ufld€lmd€)~\lb1~lr1~~\ln~~~~(;1\1 (r1~~\lL~1~'LI) ?lndmVlbi1€ll.b~\l?l\l , " 
lJ1f1'l ~~t:.J?llJl~il 1,1,~~Bl~~'LI 

€)ltJl,d€l~,:jltJb~~ru~'W5I.fl~~1f1BVl5'W(;1~B\lvr\lU~~tJ.nltJ1'LI l~l,l.n ~'LIUflddlJ ?lltJcW'LI5 , ..., " 
Jl'V1Ufl~l I.I,~~ fll1lJ'V!'Wl~€)\l~'LIr.1t1'V!~\l I.b~~U~~tJ.nltJtlBfI l~bl.n Bl",l') f11d~lJcr?lyJ€l?ln'j, 
~\lI.b1~~BlJ LI.~~ f11dr1~I,~BfI?lltJ~'LI51.~BI.~lJ I.i1mL~\l flld~n~ln€)'LI'V!,Jld'W'U11nldLitJ\l?lnd?l11, , 
1'LItJd~1.V1~1VltJ~\l~?I.nl~€llnlfi!l ~B'LII,I,~~~'LIlJlf1 ~\lt:-J~ nd~VI'U~€)?llJdd(l.nl~'VI1\1nld~'U~'LI€l, 'LI?lfl'j, 
?ll1Vl(;11tJ~1'L1 L~'LI vil1VfnldL~1~lm~~qJ~'LI~il~\l nldLL?I~~~~~nddlJflldL.u'LI~~tJ~tJfI~ LL~~ 

nldr1~~\l?lfld?l11L~€l\l~1 flU ru'V!lVll~d~'U'U~'U~'LI5'W'UlJl n~?I~ €l Vl\lldn~iJ~~tJ I,'V!~ldiJfll1lJ, ... q, 

I,b~n~1~n'LI,)~Vl11\lyh~lJ ~'LIn'UI.I.'LIdVll\lnl'j~~nl'j1'L11.1.~~~Yh~lJ nldl.n'Udd'U'jllJ~BlJ~€l~l~~
'IJ 

tJ,)~~'VIfinl'W~~~dtJ1Vf?lllJld()nl'jll.fldl~l1iJru'V!l~€l\l bl.~~~V'Jl~lJl~(lfl<11B\l LI.(;1~dd~1.~1~'LI 1'LI 
Q.I " 

tJ'j~ I.Vlfi!llVltJ nldl~tJr1 €l'LIVlUld~'U11?1 nd?l11(lnr1~~\l I.~€)\l~lniJru'V!lVll\ld~'U'U~'UcW'LI5lJln~?f~
,,, Q.I " 

'jB\l~~lJll.iJ'LIUruVll~lb~'U bl.~~ flldthtJ (9)llJ~l~'U 'LI€ln~lndv\l'V'J'Ul1 nld?frul.~tJ?fnd?l11 
v '" v " 



• • 

2 

LtiB-:l~lfl'lhm"lVll-:l'J~UU~U~'UTI~'W'UlJlfl~G1~ 5 B'U~'Ubl.'Jfl 1~LLn fll'Jhku'UrXVl (anoestrus) 
OJ " 

l!J~lJhj~Vl VI'Ue)-:l1V1~ LLYl-:l LL~~ A~B~EJlfl 1'l1lJ~1~'U 'lJqJVll~1-:llbVl~1.nLU'UG11bVl~Vi~fl~B-:lfll'JA~ 
v1-:lG1fl'J~11 bL~~LLlJG1fl'JYlB-:lLL 'Jfl BBfl~lfl~-:lnB'Un~lB'U~lJA1'J B~1'l1'Jf1~fll'Jl~m~e)~m~lLflru svl 

• , 'IJ 

1'Ufll'JA~ L~Bfl~fl'J~11~ihh~~'Vl5.fll~L~llJ1Vl~ bb'Vl'W1'U~'l1~ii(llJ'J'Jf:1.fll'Wfll'J~U~'UTI~-:l LL~djB1EJ
• 'IJ . 'IJ' 

fll'J1i-:ll'U'Ul'U~'liJ1lJL~EJ'l'We) 'lJ~~EJ~tJfll~EJ1~Al1lJG1'U1~ 1~bLn BltJ, t11V1tJfl~1 BI'l'Jlfll'J 

b~~~b~'lJ11'l bb~~Al1lJVI'lJ11~l1''U~'UVI~~ 
0.1 tf d "" .d 2J 12J 0 Q./ I Q./ d 1 2J I 

Y~l'JlJ~ fl'JVll!J~I'l~ fl'J b 'WBfll'JAl Al'J VlAl1lJ~lA tyl'le) fll'J~Vlfll'J'V1 LVI:lJl~G1lJ 'UVll'Ul'll~, 

1~Lbrl BltJ t11VitJfl bb~~Al1lJVI'Ul1~l1'U~'UVi~~~bVi:lJl~G1lJ bdBt-J~lJ~'UTI(lfl'J~11A~~bb 'Jfl I'l~B~~'U , " 
fll'J~Vlfll'J~l'U~~ bnVl~BlJ 1'J~ b~B'U B1V11'J I'l~BVl~'U fll'Jfl'J~~'Ufll'J~~l'l.fliJ~:lJn'U1~bbrl~fl'J?ll1 

.., .., , 'IJ , , 

r1B'U1i,:n'U1~bVI:lJl~?l1J 'UBfl'i\llflffi'UYh1lJ?lfl'J~b~tJ-:lbb~~l!J~I'l?lfl'J?ll1bU'U'J~'UUBI'l~lV1fl'J'JlJ fll'J, , , 
~~ fll'J~fl'J?ll1 btJ'U~'1~lrlru~'11'U~1'U'lh~~'Vl5.fll'W'Vll-:l 'J~'lJ'lJ~'U~'UTILb~~'Vll'1~l'UbPl'J~~n~ iifll'J 

• OJ , dJI 

1~tJ'W'lJ11~fl'J~11ihb-:l b1~lYi1lJ'1~t-J~~~1'l (non-productive days) 'Ul'Ufl';h~fl'Jb'WPlbiitJfl~:lJ~'U ,. 
1'U~'11'Ulh~L'Vl~1'VlEJ 

'IJ 

~fl'J?ll1'VlVlbb'Vl'U~B'I1ibl~1 2-3 b~B'U1'Ufll'J'Vhlfl6l1'U fll'Jtl-r'lJ~.fll'W bb~~fll'J~:lJcr?ln'lJyJB, 
~fl'JrlB'Uf:1fl~-:llU~'11'J'Ib~m,m(l:lJ~'UTI V81'11'Jf11'l1:lJ fll'J~~fll'J1'U~b~ 2-3 b~B'U.n~-:l1lJ1~ii 

• 'IJ , 

~B nlV1'UVl bU'UlJll'l'J~l'Ub~tJl n'U'J~Vll1'1yJ1'1lJ 1Vl EJ bu'Wl~fll'J1'lXA11:lJ~'U1~~l'Ufll'JI'l'Jl~rXVl bb~~fll'J 

~lJcr~n'UyJB?I fl 'J fll'Jl~tJ'Vll-:l~1'Ufll'Jtl-r'lJtl'J'I~'UTI'WU11~fl'J~11~f:1 flAVlb~B fl1~iiBltJ~ b~l~ltJ 
, , , , 'IJ , 'IJ 

b~~ru~'UTIb~l (185 l'U) ~~ii~1'Ul'UA'JBfl~Bbbll?l-:lfll1 bb~~~~1~~fl~fl'Jii~1I'lb~lJ~'Utl'J~:lJlru 1 ~1 
OJ , 'IJ 'IJ , 

~BA'JBflbdBbViEJUn'U?lfl'J(l11~f:1flAVlb~Bfl1~iJBltJ~bil~ltJb~~f) 1~'U6il (239 l'U) ie)lJ~'Vll-:l~l'U
, 'IJ , 'IJ .~, 'IJ 

~~.fll'W~B-:l(lfl'J~11'VlVl bb'Vl'UrlB'U1i~1'U~~A'IiJUBEJlJlfl1'Utl'J~ b'VlPl1'VltJ b~B~~lfl~l'U1VI rub~ , , ... 
Al1lJ~lArun'U LLll~ fl'J~ nl~~1~t-J~ ~~I'l bb~~ bLll?l fl'J~iiuruVll'Vll-:l fll'J~U~'U6lJl flfll1?1 fl'J~11 r1B'U 

" , , OJ " 

l!J~1J~'UTI 8th'l1'Jf1~~8lJ~fll'J~fl~1n8'UVlul.nU-:l~11(lfl'J~11bVl~1.n~1'Ufll'J~~L~81 'JA'Vll'l'J~'U'lJ 
, 'IJ , 

~'U~'U5~~1ri'ruVl~lEJ1 'Jfl bb~~'Ul~1'JA~llJl'Jf:1bb'W~b~8~LLlJ~fl'JeJlJYlB'l1~~ltJ fll'J~fl~lBtJ~fll'J
, OJ '\J , , , 

~e)-:l1'JAbVi~l.n';ij~~bEJ1~~llJl'Jf:111'lbb~'Ufll'JUB'ln'U1'JAb~Bvll1'lX~fl'J~11ii~~.fll'W~bb~~1lJul1'JA~Vl 
b~B~bblJ?lfl'JeJ:lJVi'B'I1~

'\J , , 

1VltJ~11tlfll'JAVlv1'l bLl1?1fl'JbbU-:le)e)flbU'U 2 tl'J~ b.fl'Vl A8 fll'JAVl~'1m~iifll'Jl1'l bb~'U11bb~1 
boU'U BltJlJlfl 1lJ~:lJ'lJ'Jru~'U5· Lb~~fll'Jri'Vlv1~bbU'lJ~1:lJ1~iJfll'Jl1~bbl!J'U11 boU'U Al1lJ~lJbVi~1'Vll'l 

, '\J. 

'J~'lJ'U~'U~'U5 ~lb~U bL~~l'lltJ ';ijlflfll'J~fl~1r18'Ut,nj'1.n 1~bb~Vl'l1~b~'U1Trh1:lJ?lfl'J';ij~1~nl1'J~lfl, , 
I .d I 0 Q./ 2J d 1 I 2J ;:1 d I.... I 0 I 2J d Q./

0bb:lJ?lfl'Jb:lJB~l'U~lVlU'VlB'l'Vl 3 ubb~l bu'U'Vl'Ulb~tJ~lEJ11 u'J~lJlru'Je)tJ~~ 15-20 ~B'l~fl'JVlf:1flflVl 
, , 'IJ 

v1-:l~l:lJl'Jf:1~~I'l~ fl1~b~EJ'lfl'J8fl b~tJl bL~~~l'U1Vlrul1'flf:1flAVl~'l bL'U'U1111~iifll'Jl1'l bLl!J'U11 
'IJ ... 'IJ 

fll'Jl~EJ.niill'lf:1tl'J~~'lrlb~8 ~fl~1l!J~~8'lAl1:lJVi'Ul1~l1'U~'UVi~'l t11VitJfl~1 Lb~~BI'l'Jlfll'J, 
L'i\l~ru b~'U11'l~B~?I fl'J?fl1'VlVl bb 'Vl'U ~e)~~~~I'l~ fl?ffl'J 1 'U~1~:lJ~l!J~ I'l?f fl'J L ~~'Wlru~~ ~fl~lU~~EJ~iJ l!J~ 
OJ, 'IJ , , 

~BA11lJVI'Ul1~~'UrX'WVi~'l t11VitJfltKl bb~~BI'l'Jlfl1'Jb~~rub~U11'l~B'l?lfl'J?ll1Vl~bb'Vl'W ~fl~l... , 
Al1:lJrX:lJ~'Uth~Vil1'ltl~:lJlru1tl'J~'Wb~tl~'Ubb~~fll1:lJVI'Wl1~~'WrX'UVi~'l1 'W?ffl'J ~fl~lAl1:lJ~:lJ~'W6, 
'J~Vil1'l Al1lJV!'U11~l1'U~'WVI~'1 t11ViUfltKl bb~~e)I'l"jl fl1'5 b~~ru L~'U11'l~8'l?f fl'5?111'VlVl bb'Vl'U n'U81tJ 

OJ, , 

fl1'J 1 i'll'Ubb~~~l b Vil'lfll'JrlVlv1'l?ffl'J 1 'UyJl~lJ~~~I'l(lfl'Jb~'lynru~f1 bb~~ ~fl~18tJ~fll'J~8-:l1'JA~~", , 
b~B'Vll'l"j~UU~u~'U5t 'U?ffl"j?f11'VlVlbb'Vl'U, , 
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o Q QCV.c::t.c::t 1/ 

nTH11~1'<\l bb'U1fl ~ bba~n1~1'<\l tI'VlLn tl1t1el.:J 

(Survey of Related Literature) 

n1~~~~.:Jan~bb~-W'U51'U~h~1Jan~. , . 
1'W~h-:)VI(;l1tJtJ~~1'W~1 bb'W'J1u~n1'JA~~-:)~n'jbb:w~'Wi1'W'V'h~lJ~n'j~'W1~1Vlru~\llJ1n~'W l~tJ 

, 1 1 "'\J 

bQ~tI~\I(i\l 50% ~tltJ (Lucia et al., 2000; Engblom et al., 2007, 2008) 'Wf)n';ij1ndv\l~'lrh 
n1'j~1t1~tl\lU.1l~'W15';ij1n?l1bVl~~1\161 fh~lJiJlJ1n~'Wl~mQ~tI?I-:)(i\l 7% ~tltJ 1'W~ru~~'lJl\1n~nl(;l

1 1 I \J QI \J 

tll';ij~~(i\l 10% (Koketsu et al., 1999; Engblom et al., 2007) U'lJbU'W~lbVl~c;1l~~Bm.h~n1'J 

VI~\I~vi11~btJf)~b~'Wiln1'JVl~ bbVl'W~\I~'W ?llbVI~c;11Aru~vi11~~tl\lrl~~\lbb:W~'W'5 'lh~ntl'lJ~'J tI fl1'j~
\J 1 OJ 1 

bbll~'Wl51ll?lllJl'Jt)1~~~tJ~~1~v\llJ'J\I'Jtl'U~f)'J'j';ij~bu'W hJ~\lYftl\l 1:Wbi1f)(;ltl~ ~lJ'j'jt)f1ly.jVll~n1'j, 
~'lJ~'Wl5~1 ~n1:w~n bb~~uruVllb~tI'Jn'lJf)'JllJ~~'lJ'jruVll\1~l\1flltJ bi'W ~lb~'lJ itllJ(;l1'W'lh~bVl~1Vltl 

1 \J '" \J \J 

~'lJllfll'j1:WbU'W~~ ~?llJ1:w~~ bb(;l~lJ~~ndJ'WVI'Wtl\l bU'W~lbVl~e)'W~'lJ~'W61 1'Wn1'Jrl~~\lbb:W~fl'j bb~~ 
\J 1 I 1 

~n'j~l'J (Tummaruk et al., 2009) nl'jrl\?)~\lbb~~Vl~bbVl'Wbb:W?ln'J~'W51'WtJ~lJlru~~\lbi'Wdvil1~
1 " \J 

~'Wl~~tl'l~'1~n'J~1'JVl\?)bbVl'W (gilt pools) iJ~'Wl~1Vlq!~'W bn~v\'jfl'~1'WtJ'J~b'Vl~1vltJiJvr\l~~tl~fl'j?ll'J 
billJl'Vl~bb'Vl'W1'W~'1 bb~~y.jtJltJllJ~~~~~v\?ln'j?ll'JVl~bbVl'W~'JtJV\'Wbtl'l n1'J'Vl~ bb Vl'W?ln'J?ll'J'Wtlfl';ijln

\J 1 , 

';ij~'Vi11~~'WVl'W~tl\lfll'H~tI\I~fl'J~\I~'Wbb~'J V\lb~tJ'I~tlfll'JU11'Jf)1VI:W1 (Tummaruk and 

Tantilertcharoen, 2008) bi1lJ11'Wyh~lJ~'JtJ ~'JmVl(?lditl~~bb~~f)'J1lJ¥~b~tJ'J~tl'ln'lJfll'J~~n1'j
, \J \J 

~'1?1n'jVl~ bb'V1'Wf)~1\1iJtJ'j~~'VlTIf1ly.j~\liJf)'Jl1J'<illbu'W b~tlvil1~bn~(?l'Jn'JiJ~tl1J~~~tl\lnl'J1 'Wnl'J 
\J 1 \J 

~~nl'J?ln'j?ll'J b~B1~iJtllt1fll'J1 i\ll'W 1~'Wl'W~?I~ 
,l~tJ bQ~tJ?ln'j bl.:W~~5iJtl1 tJ nl'J1i\ll'W,r~~\I bb~f)(;l tl~~nf)~\1 bb'jn ~'Wn'J~~\I~~~\ltJ'j~lJlru

1 " \J 

600 1'1..1 1~tI~1~'lJVltl\lbQ~tI~tl\lbb:W?ln'J~t)nrl~~\I~~bbtJ'jer'W~1lJYh~lJ 1~tI~U-J1tlE.n'W~'J\I 3.3-4.4 
1 \J \J 

tl~l~1'Jn~ ?lfl'j~tllt1Utltl iJnt)nrl~~\I b~tl\l';ij1fli1ruVl1Vll\1'J~'lJ'lJ~'lJ~'W5 bb~~~l bVl~~b~tn~tl\ln'lJ 
1 , \J OJ " 

f)'JllJb~'lJlhtl~tl'l~l\1nlt1lJlnnll~n'J~e~n~lJ~fl (Lucia et al., 2000; Engblom et al., 2007, 

2008; Tummaruk et al., 2008) 'Wtln';ij1ni1iJn1'jl~tly.j'lJl1 ?In'jVlB\I 1-3 iJnl'jv\1t1?1\1(i\l 5-7% 
, \J 

1'W~ru~~?ln'JYfB\I 6-8 y.j'lJnl'J~lm.wtl\l 1-3% bvhtY'W ';ijlnfll'J~n~1~(;le.J~~~tl\l?ln'j l~tltJ'J~biJ'W 
1 1 

';ijln~l'W'J'W~n?ln'JiHfl(?lbb'Jflf)~tl~ y.j'lJl1?1n'j~t)nrl~~\lVI~\lYftl\l 6 1tJbb~'J 1~mQ~tI1~~n?ln'jiJ~l(?l
\J 1 1 \J \J 1 

bb'jnf)~tl~~\ln';h 12 ~'J~tlf)'jtlfl 1~~ru~~~n'J~~nrl~~\l1'WYftl\l~'W1 (parity 1-3) 1~~l'W'J'W~fl~n'j 
~tlf)'jtlnbcWtI\I 10.8-11.3 ~'J Lvhu'W 'Wtln';ijlfli1fJ\I~'lJl1 "\ll'W'J'Wl'W~~b~tI (non-productive day, 

I v I dOQJiI.:J~ Q,I~~ ~ 
NPD) ~tl\l~n'jbb~(;l~V\'J~~f)tltl1 ~~~\lb1Jtl~1~'lJVltl\lbQ~tJVl~nf)~'V1\1by.jlJ~\I~'W (Koketsu et al., 

1999; Lucia et al., 2000; Engblom et al., 2007, 2008) 

n1'Jb~tI~~n'j1'WtJ'J~b 'V1~?ll b~'WiJn1~bb:w~n'J~lJYftl\ltl~'J'JlJn'WLu'Wn~lJ1Vlq! (group 

housing) L~tl1lJ'W1'WlJl.QiJnl'J~n~1i1qJVl1bL~~f)lllJ~qJb~tJ~Lfl~n'lJ~n'JLVI~1d 'j~vd1\1tJ f).~. 
2002-2004 ';ijln~\I?lfl'j"\l1'Wl'W 21 ~\I 1~tl1'WbL~~~tJ\lii"\l1'W'J'WLblJ?ln'JbQ~tI 476 bb1l1'W~'J\lb'J~1 3 

\J 1 \J 'V , 

tJ ~vilnl'j~m~niJLb:W?ln'jt)nrl\?)~\lvr\lVllJ~ 14,234 ~'J 1~mQ~tJe)(?l'Jlfll'jrl~~\lbb:W?ln'J1'Wtb~bVlf'1
, 'V , 

?llb~'W iJtJ'j~~lru 49.5% 1~tliJf)lllJl.l.(?lfl~l\1Atl'W~1\1?1'1'j~Vlll\1~\I ~\lLb~ 33.6-66.3% 1'W-;ij1'W'J'W
\J 'V 

bb:W?ln'J~f:)nrl~~\lvr\lVllJ~ tJ'j~lJlru 85.2% f:)n?i'Hi11'j\l~1~(?l1 10.50/0 t)nvil1~(?l1tJ1~tI?I\I'lJ
1 'V \J \J 

(euthanized) bb(;l~Bn 4.3% bn~';ij1fln1'J(?l1t1n~'V1'W~'W ?llbVl~~tl\lnl'jrl~~\I?i'J'W1Vlru~'lJllbn~';ij1n
1 OJ 

f)'JllJ~~tJfl~~tl\l'J~'U'lJn1'J~'U~'W5 (26.9%) tl1tJlJln (18.7%) i1ruVllb~l'WlJ (18.1 %) e.J~tJ~(1)h)~
, , OJ 
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(9.5%) iJt:yVl1~lbb~dhJ (8.6%) bb~~iJt:y'Vl1'U1~b~'U (7.1%) (EngbLom et aL., 2007) ~fl<j~ 
'U1~1.~'U~TW1Vlru'C\)~t:1flvi'11~~ltJBth\l?l\l'U~lflfll1~\l1<j\l~1~~1 1~mu~tJ~lvl'U'V1B\I~B\lbLl-I?lfl<j~t:1fl

.., '\J , '\J 

fOi'~~\lijfhb'Vhn'U 4.4 1~mbl-l?lfl<j~t:1flfOi'~~\lb~B\l'C\)lfluruVl1'U1~b~'UijYlB\lbu~tJ~1~?I~ (2.6) 1'U 
I 1.1 t.I 'I \J v V I ' 

~1'UJ'Ubbl-l~fl<jVi~flfOi'~Vi\lYi'\l'Vl~~ ~~~J'U~B\lfl1<j~~Vi\l'C\)~~~(;l\lI.~BtJ~ ';J'U~\lYlB\l 6 (EngbLom et 
I d QJ d: ,d 1111 "" .::ld 1 d,d QJ d:

aL., 2007) bb~?lfl<j'V1t:1flfl~'V1\lL'WB\l'C\)l flB1tJ~lfl 'Vl~(;l~(;l~(;lfl?lfl<j~'V1?1~ 'U~ru~'V1 bb~?lfl<j'V1t:1flfl~'V1\l 
, '\J , '\J" , 'IJ 

bdB\l'C\)lflUt:y'Vl1'V11\l<j~'U'U~'Uvr'Uqijl'U~t:yI.~tJ (non productive day, NPD) lJ1fl~~~ 1~tJl'U 
.::ld d ~ t,t III ~QJd:~OQJIlI d,d 

?lru b?ltJ'V1lJ1 fl'V1?1~ flB <j~ tJ~~\l bb~fl(;l B~fl<j\l?l~'VI1tJ';J'U fl<j~'V1\lfl~'Vl\l tJ\l~l~'U'VlB\lbu(;l tJ~B\l bb~?lflTVl 
'\J V" , 

~flfOi'~~'I~'I~'U ~1'UJ'U~fl~n<j~t-J~~1~bb(;l~~1'UJ'U NPD n~\l(;l~~l(;l\l (EngbLom et aL., 2007) ~fl<j 
~ij~lvl'U'VlB\l~l~ <j~Vll1\l 1-3 ~n';J~~n~~~\ll.dB\l'C\)lniJt:yVl1'Vl1\l<j~'U'U~'Uvr'Uq 1'U~ru~~ Ll.l-I~fl<j 
YlB\l~\l ~ ~'UiJ t:y'Vl1'V11\l<j~'U'U~'U~'UqtJB tJ(;l\l Ut:y'Vl1 n1<jfOi'~~\lLdB'I 'C\)1 fliJt:yVl1L~l'WlJ~fI'W'UlJ1 fl1'ULl.l-I 

YlB\ln(;ll\l~ (VlB\I 4-6) ~n<j~~nfOi'~~\I'Vl~\lYlB\l 7 ~'U1LJ~ndl~';JlflUt:y'Vl1B1~lJ1fl ~fl<j~~fl~~~\l 
~J'U1VlruLdB\I'C\)l flnl<j~ltJ ~n~'Ul1ij~ltJVI~\lfl(;lB~1l-1'Ul'w ~J'UtJBtJ~~'Ul1~1 tJ<j~'Vll1\lL~tJ\l(;ln

v '\J 

~n<j~~nvi'11~~ltJB~l\l?l\l'U ~J'U1'Vl~bn~~'U1'U~J\lbJ~1 1 ~LJ~1~ VI~\lfl(;lB~ (EngbLom et aL., 

2007) 

nl'~fOi'~~\l?ln<j~J'U1 'Vlfihrnvi'11 'U~J\l1l-1bn'U 3 ~LJ~l~VI~\lVl~l'U~ 1'U'lb~b'Vl~1'VltJUru'Vl1'V11\l , v .., 

<j~'U'U~'U'W'Uthr'UbtJ'UUruVll~~'lJ~lfl~?I~I.~'Un'U tl111'Ubu~1~n~~?lfl<jYlB\l 1 bb(;l~?ln<j?llJ fll<j~~, , , ,.." 

~\l?ln<jbdB\l'C\)lnflJ1~~~I.VI(;lJ~B\ln1'j~'U~'U6?1\l~\l 47% 11'UbiJ'Uuru'Vl1~tJ\l~B\ll~~lbL(;l~Vl1LL'UJ
, ' 'IJ'" 

'V11\lbbm~B~1\l~BLdB\l~B1LJ (Tummaruk et aL., 2006) 
QJ "'" d QJd:,d dd III QJ ~ QJtf1 al

'Uu'j~b'V1~?lVI<j~BL~ 'jfl1 'W'U?I fl'j?llJ'V1tlflf) ~'V1\l L'U B\l ';J1 fl?ll LVI~'VIl.fltJJ~B.:J fl'U'j~'U'U?I'U~'U'5 
.... , '\J , , 

LJ'j~~lru 36% (Lucia et aL., 2000) 1'U~ru~YI1'ULJ'j~I.'V1~1'V1tJ ~'UUrU'Vl1'V11.:J'j~'U'U~'U'W'U51'U?lfl<j~v , , 

t:1nfOi'~~\l?l\l~.:J 47% B~1\l1<jtl~ ~~~J'Udbl.~n~1.:Jn'U1'Ubl.~~~Yh~~ 1~tJ'W'U~\lLI.~ 34.6-61.0% ~B\l 
'\J 'IJ 

?In<j?llJ~t:1flfOi'~~.:J~\lVl~~ (Tummaruk et aL., 2006) iBlJ~bVl~ldvi'11~L<j1'V1<jl'Ul1 fl1'j'U~Vl1'j
, 'IJ 'IJ 

~~fll'j?lfl<j'V1~I.L'V1'UB~1\lijLJ<j~~'V15n1~ L~m~~B1tJfl1'j1i-:)l'U~B':lI.Ll-I?lfl<j1'UYh~~ 1~tJ(;l~Uru'Vl1, ".., 

fl1'jfOi'(?l~.:J?lfl'jnB'Ufl<j'U 6 vlB\I ~lbiJ'U~B\lijfl1'j~lb\j'Ufll'j fll'j~fl~1'V11\1b~'j~~~l?1~~U\l~11 ?lfl'j, .... , 
'V1~I.I.'V1'UflJ<j1i\l1'W1~B~1\ltJBtJfl<j'U 4 vi'B-:)~-:)'C\)~rl~A1bl.(;l~I.~~1~n11'j U'C\)~tJ~ijt-J(;l~BB1tJfl1<j1i\l1'U, , 
~B\I bl.l-I?lfl<jij'Vl(;lltJLJ<j~fl1'j ~.:J~1'Ufl1'jtJ-r'U?ln1~?lfl<j1~bb~\ll.b'j.:JVl'U~B1<jfl J1'VlUn~J I.b~~flJ1~, , 
'Vl'U11~iJ'U~'U'Vl~\l (Schukken et aL., 1994; Koketsu et aL., 1999) 

t:J~eueJ.:JeJ1V~ t:J~nJcW'U5flf~ bb'jn ~eJ eJ1 vnTa"1oli~1'Ubb~~ t:J~ t:J~~~~eJ~;f1~1'Uan'jb'WAbijV, " , 
1'UV'h~~?lfl<j1~tJ~J1tJ tJ<j~lJlru 35-50% ~B\lbLlJ?lfl'j';J~tlflfOi'~~\lbb~ ~'V1~bL'V1'U~JtJ?lfl'j?llJ

, , '\J , 
V III 

(EngbLom et aL., 2007) n1'j~(?lVi\l~fl'jB1~tJBtJ11'Ul1ijflJ1~~1~t:y~BYi'\lVl1\l~1'U'C\)~tJ'5'j'j~ Lb(;l~ 

b~~~~1?1~~ I.fltJijfl1'jl~tJ~'Ul1 LJ<j~~lru 15-20% ~B':lbbl-l?lfl<j~t:1flfOi'~~\I bfltJ1~(;lflL~tJ-:)fl<jBfl
.... , '\J '\J 

l.~tJJ bb(;l~~lflfll1fl~\l~nfOi'~~\lnB'UvlB-:)~ 5 (Lucia et aL., 2000; EngbLom et aL., 2007) 

fll<jPifl~lU';J~tJ~i1t-J(;l fl<j~'V1'U ~BBltJfll<j1i.:J1'W~B\lUl-l?l fl 'j ~(;lB(?l'C\)'ULJ<j~~Vl5n1'Wfl1'j~ ~~~B\l bl.l-I, , 
?I fl 'j Lb ~ (;l ~~J~ (;l B~~J\l fll 'j1i '11 'U~'II.tJ 'U~ 'I ~11fll~tJ'V11 \I ~1'UtJ ~~~it~flJ 1 ~~1~ru 

, , OJ 

tJ<j~~'V15n1~1'Wfl1<j1~t-J(;lt-J~~~B\l~fl'jbbl-l~'Wq~~B~~J\lB1~fl1'j1i\ll'U ~J'U1'Vl~LJ'j~bij'U 

'C\)1 fl~1'UJ'U~ fl~ fl'j~ bbl-l~fl<jt-J~~1~~(;lB~~J\lBl~ 'Vl~B~l'UJ'U~ fl~fl<j~ t-J~~1~~Bf)'jB fl (pa rity) 

'UBfl'C\)lfld'U1\1f)1<jPifl~1'C\)~tJ<j~bij'U~1~'Ufl'jBml.l-I.w'LIq~fOi'~~\l (parity number at removaL) 
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tJ"j~nBUnU~(;l~~{9)~ltJ vtJl'll"jn~ nl"jtJ"j~Lij'Ub~tJ'l~1~UA"jvn~rl~~'ltJ'l1lJb~tJ-:J'V'lBb~B'l'<\llnl'U 
?lrub~tJ bb~~uruovnnl"j~?llJllJ~~tJ-:Jl~~nl"jtlllJl"jllJn'W ~-:J'~\J~1~UA"jBn~r1~~-:J~-:J8'l1~btJlJ 
~lOJ~l~eJltJnl"j1i'l<VllJbblJ?ln"j~tJ~l~AeJtJ?llJu"jrubbuuun 11Jnl"jl~tJul~A~~iJnl"jl bA"jl~~

, , 'II 

tJ"j~~'V15Jll~nl"j1~~~~~~ 1~tJf)~~1'UllJ~n?ln"j~~~~l~~eJ~llJl'Ul'U~bblJ?ln"j1~~(;l~~{9) lVlmblJ
'II , , 

.d.Q "'" "'" .:::I 0 QJ.:::I • ~ .:::I QJ i.I 

~n"j'V1lJ"j~?I'V15Jll'V'J~~AJ"j'<\l~lJ'C\l11JJlJllJ~t1Jb?ltJ (non-productive day) {9)1 :UeJ~"jlnl"jbsulA~eJ~~-:J 

bb(;l~iJ"j~tJ~VltJllJ:wi)~~?I:W~l (Sasaki and Koketsu, 2008) 

nl"jb~lJeJltJnl"j1i-.:ll1JSUeJ'l mJ?ln"jsdltJ b~lJ1eJnl?111Jnl"j 1 ~~(;l~~~~ n?ln"jsueJ~ bblJ?ln"j
" 'II , , 

1Vlmu'V'l1~11JsdJ~Y1eJ~n(;l1~1 ~'l~n~n~~~ sdltJ~~~1JYJ'U11Jnl"j~~{9)~n"j?l11'V1~bL'V1'U LL~~btJ1Jnl"j 
bb?lVl~fi~?ll?1~.fn~11Jnl"jb~tJ'l~~~1~~~ltJ (animal welfare) tJ"j~~'V15Jll'V'l11Jnl"j~~~sueJ'l bLlJ?ln"j

'II , 

Al"jbb?l~'l1~b~'U'vf'lnl"jiJeJltJnl"j1i'll1JlJllJ bb~~iJtJ"j~~'V15Jll'V'l11Jfll"j~~~?I~"j~Vl11'l1i~llJ~ltJ 
, 'II 

(Engblom et al., 2008; Sasaki and Koketsu, 2008) 

eJltJ~B'l?lfl"j?l11~1~-rUfll"j~?I:W~'W5A~'lLL"jnuu11iJA11:W~lJ~1J5nutJ"j~~'V15Jll~nl"j~~~, , , 
~eJ'l?ln"j?l'llJlf1 b~eJ'l'<\l1f1iJnl"j~m~n~u11 nl"j~?I:w~'U5?1n"j?l11~iJeJltJ.weJtJ '<\l~vh1~tJ"j~~'V15Jll'W

, 'U ", 

nl"j~~{9) bL~~BltJnl"j1~~11J?I'l{9)1:w1tJ~1tJ (Schukken et al., 1994; Le Cozler et al., 1998; 
, 'U 

Koketsu et al., 1999) llJ?lVI.y~eJLlJ~nlbAtJiJ"jltJ'l11Jl1 52% ~eJ~bLlJ?lfI"jYleJ'l 2 1~~~~~{9)~n?lfl"j
~ , 'U , 

iJ;1{9)~eJA"jeJn~1f111~n"jYleJ'l 1 (Morrow et al., 1992) Ut1JVllt1eJl'<\liJ?illJ~llJnutJ"j~~'V15Jll~ 
nl"j~~{9){9)~eJ~BltJnl"j1i'l11J bL~~eJltJnl"j1i'l1'Ubu~tJ~eJ'lLLlJ?ln"j~lmsdlJb~tnn'U nl"j~m~nl~m~eJ 
Vll~~?iJlJ~eJ'l?l n~~iJtJ"j~~'V16Jll'V'l?l'l1'U'Wl~lJ bb~~U'<\l~tJ~ L~~Vll..Il..I1~iJ?lfI"jLVI,ht1b~:UlJ1n~lJUU11

, 'II , , 

iiAJ1:W611r1t1J:Wln 

LdeJllJ'UllJlJlt1iJnl"j"jlu"jllJ~eJ:u~tJ"j~~'V15Jll~nl"j~~~~~eJ~sdl~eJltJ1i'll'U11JtJ"j~L'V1~ 
'II , 

ujtJlJ'<\llnvh~:W?ln"j~llJllJ 92 'Wl~lJ ~~~ll-I~~t:-J~{9)~eJ,lLLlJ?lfI"j~llJl'U 13,786 bblJ ~dl~llJU A.I"!. 
OJ , , , 

1999 LtJlJ"j~tJ~n~llJllJ 4 tJ (A.~. 2000-2003) tJ"j~~'V15Jll'V'lnl"j~~{9)SUeJ'l?ln"jf)Vl'<\l1f1~lU1U~n
, 'II 

?In''j~LLlJ?ln''j~~{9)1~vr~VllJ~Vll"j~1tJeJltJnl"j1i'll1J~eJ,lLblJ?ln"jLtJU11JLL~~Aru~ltJ 365 '<\l1f1 
" "'11 

t:-J~fll"jl~tJ bblJ?lfl"jtln~~eJeJmtJu 3 n~lJ AeJ n~lJ~iJeJltJfll"j1i~lULnlJ 6 Y1eJ'l bL~~iJ~llJl'U~n 
, 'U ", 'II 

?lfl"j~t:-J~{9)l~eJtJllJsdl'l 25% Lb"jnSUeJ'ln~lJ~~n~l n~lJ~ 2 LtJlJ?ln"j~iJeJltJnl"jli'lllJbnU 6 Y1eJ~ 
, 'U "" 

bb~~11JllJ~n?ln"j~t:-J~{9)1mlJfi-:J 25% bb"jn bL~~n~:w~ 3 AeJ?lfl"j~iJeJltJnl"j1i~lullJi)~ 6 Y1eJ'l t:-J~ 
'II , " , 

nl"j~~n~lJ~U11iJ?ln"j1un~:WLb"jn 21.8% n~:u~ 2 24.5% LL~~n~lJ~ 3 53.7% (Sasaki and , " , , 
Koketsu, 2008) 

lJeJfl'<\llnt1 t:-J~nl'';jl~tJtJ'l~UBnl1 bL~?lfl"j~eJtJllJn~lJ~ 1 '<\l~1~t:-J~~~{9)~~?I~~'lbL~Y1eJ'lLL"jfl, 'II , , 

'<\lufi~VfeJ'l?l~VfltJ 1VltJ~Ul1~11JllJ~n?ln"jiJ;1{9)LL"jflA~eJ~?I'l~?I~ e){9)"jlLilA~eJ~?I'l~?I~ bL~~iJ 
, 'II , 'U , 'II , 

~11J11JllJ?lrub~tJ~1J~?I~ ?In''j?l11~t:-J?llJ~'U5A~'lLb''jnbdeJeJltJ''j~''j~Vl11'l 186-227 11..1 iJleJnl?1~'<\l~ 
'II OJ " , , 

f:)fl~~btJlJ?ln"j11Jn~:w~ 1 ?I'lnl1?1fl"j?l11~~?I:UcW'U5A~-:Jbb"jflbdeJeJltJ"j~Vl11~ 249-269 11..1 'lh~:Ulru 
'U , , 'II' , , 

1 bvh~h ({9)l"jl~~ 1) 'UeJn'<\llflt1tJ-:J~'lJl111J~11Jl'U 92 'Vh~lJ~Pin~l LL~~~~l~lJ'<\l~lJ?ln"jn~lJ~ 1, , 
LLtJ"jtJ"jlU~~Lb~ 0 fi'l 57.6% tJ'l~11Ul-:J¥l1~lJllJiJ?ln"jLVI~lt1b~tJ 11J~ru~~Ul'l'Vh~lJlJ?lfI"j~lJ, , 
tJ"j~~'V16Jll~?I~fi~:Wlnn11A~'leJ'l 1~tJt:-J~nl"j~m~1'V'lU11'V'h1:u~iJ~~?ilU~tl'lLblJ?ln"jn~:u~ 1 ?I-:J 

'U 'II " 'U 

Koketsu, 2008) 

http:L~~Vll..Il
http:bb?lVl~fi~?ll?1~.fn
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~ 185 

186-206 

207-227 

228-248 

249-269 

270-290 

291-311 

~ 312 

35.0 

25.9 

30.3 

21.9 

15.0 

13.6 

14.6 

13.4 

~lJ1: Sasaki and Koketsu (2008): Livest. Sci. 118: 140-146. 

1'W(v'h~lJ~vl1fl1'ji~~ Sasaki and Koketsu (2008) 'W'lJ'J1 'lh~lJ1ru 20% ~B'I?ffl'jl'W 
'Vh~lJijl'l1fl~i)1'V'l~'1 lb~~B1~~'W ~fl'jbV1~1dijth~~'Vl5i)1'W~fll1fl~lJ~'W 61 'VlflYlB'I lV'l~'W'ld1iJ~~?ffl'j

'IJ " , I, 'IJ , 

ij~i(;)Ll'jflfl~BV'lLfhJ 11 ~l/fl'jBfl 'VlflYlB~ bL~~!:-J?flJ~V'ldl'W 90% 'VlflYlB~ ?ffl'jfl~lJdL.h~~LtJ'W~fl'j~, , " , 
(;)fll~~ !:-J?flJ~V'l~ ~fl(;)1~1'WVlB~uB~ LL~~ijl'l1fl~i)1'V'l1'Wfl1'jfl~BV'l~ bL~~~L.h?f'Wl~ ~B ~V'l?il'W~B~ 

'IJ 

~fl'j~ijth~~'V15i)1'W~'1LVI~1dijfl11lJLL'lh'lhl'W~'1'j~Vll1'1'Vh~lJ~fl'jLL~~~Yh~lJ ~lBth'l~B'Ifl11lJ 
, 'IJ 'IJ' 

llth'lhl'WB81'1V1d'l ~B B1~~!:-J~lJcW'W5fl~'1LL'jfll'W~fl'j~11 lV'l~~~fll'ji~mJ'I~11~fl'j~11fll'j1~~'lJ, " , 
v .. ."j I V I V J'~ q "'" v V I V v.. II 

fl1'j!:-J~lJ'V'l'W5'VlB1~'j~Vl11'1 186-227 1'W flB'WVI'U1'Wmfl~lJfl1'jl~~'W'UbL~lllt11!:-J~lJ'W'W5~fl'j?f11~1, , , , 
lBfl1?f~~~A'V'lv1'1L~eN~1fl'j~'lJ'lJ~'lJ~'W5n?f'l~l~ (Schukken et al., 1994) fll'j~?flJ~'1Lb~B1~EJ'I

, 'IJ , 

UB~fll'j1~fl11lJ~1A'ru"" ~Bfll'jfl'j~~'Wfll 'j L tJ'W~~11V'l8liYl eJ~ ,fl'jeJ 81'1~'\.J'j~~'Vl5i)1'W bL~~'WeJfl~1fld 
?!fl'j?!1lfll'jbU'W?!fl'j~~eY~'jl fl1'jl~~ru b~'U1~lV'lmu~tJ11.1~1fll1 600 fl-rlJ/1'W ~'1bb~LL'jfllf1V'li1'1li 

q , OJ 

~1'W (Tummaruk et al., 2009) Lvjv~~1~iJ,11VlcWfl~LcW~~'WeJl'Wfl1'j~?llJcW'W5fl~~bb'jfl LL~~?ffl'jfll'j, , 
iJ,11VlcWfllJlflfll1 135 nl~fl-rlJltJ'WeJ81~UeJ~~'1~~LVl~~'WeJ (Tummaruk et al., 2009) 1'W 

fll'jPim~1fl~~dUl?f'Wl~5fleJ81~ ~eJ ~V'l?il'W~eJ'I~fl'j~~'\.J'j~~'Vl5i)1'V'l~1 LL~~eJl~fll'jli~l'W~'W~lJlfl
, q 

i1'1 50% 1'WVl~l~Yh~lJ ?lfl'jLVl~ldt1flA'V'lv1'1~lfl~lLVl~'Vll'1'j~'U'lJ~'UcW'WTI~'1i1'1 39.3% 'WeJfl~lfld~~ 
, 'IJ , ''IJ 

~fll'j'W'lJBfll1'\.J'j~lJlru 500/0 ~eJ'I~fl'jl~~~!:-J~(;)l'WYi'eJ~~ 2 ~lfll1Yi'eJ'I~ 1 ~'1'Lh~'Wl~ Lbv1fll'jLflV'l, 
bVI(1lfl1'jrub~'Wml.l'W'lJl1ij~~ fl'j~'Vl'lJ~v'lh~~'Vl5Jll'V'lfll'j!:-J~(;)ll~~eJ1 tJ fl1'j 1 i'll'WLLv1eJ 81'11V'l, , 

Sasaki and Koketsu (2008) 1~~ieJl~'WeJLL'W~~ul~'Wl~11 ~lLfl~(1l'jfl'j~eJ'Ifll'j~~L~lJ 
~V'l?!l 'W~ eJ'I?I fl 'j~~th~~'Vl6 i) 1 'V'l ?I'll'W'vh~lJ ~V'l?il'W~ eJ'I~ fl 'j?fl1~~llJ1'jt1 ~ ?flJ~'W5l~~'1 LLv1 eJl ~ 

q 'IJ , q q 

186-227 1'Wfll'j~L~lJlJlfl~'W ((1l1'jl'1~ 1) ~1~1V'l'\.J'j~~'Vl6Jll'WeJ81'1Vl~'Imm'Wfll'jPifl~1fl~'1d ~eJ 
~l'Wl'W61 fl~ fl'j~:Ui (;) LL 'jflfl61 eJ V'lv1eJ Lbl.lv1eJtJ lV'l~r)l'Wlru~lfl'<\ll'Wl'W61 fl~fl'jij:Ui~~ bLl.l?l fl'jLLv161~~lvl1

'IJ , 'IJ q q 

1~ 'W'lJl11~mu~ tJ LLl.l~,fl'j1'W 9 2 "~h~lJ~Pifl~11'W&u'Wij.... , fllllJ?lllJ1'jt11'Wfll'j~~ ~1~ 16.5 ~l/Lb1J!U 
1~tJf)~lJbll.l~fl'j~~'lh~~'Vl5Jll'W?f~~~(;)1~ 24.5 ~l/LLl.l;tJ 1'W~ru~~fl~lJ~ij'\.J'j~~'Vl5i)1'W~1~~~1~ 

, , 'IJ , 

b~~~ 12.6-17. 7 ~l/lb1J/tJ 'WeJfl~1f)df)~lJbbl.l~f)'j~~'\.J'j~~'Vl5i)1'W?f'liJ1'W~rub~~ (non-productive
q , 'IJ 'IJ v 

day) Lu~mYl~~ 9.2 1'Wv1eJ 1 'jeJ'lJfl1'j~~(;) 1'W~ru~~fl~lJ?lf)'j~ijth~~'Vl5i)1'W~liJ1'W?lrul~mu~~?I~
, , 'IJ .... 'IJ 

i1'1 14.0-28.9 1'W/'jeJ'lJfll'j!:-J~~ 
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n1'a~1v-tJeJ'ILL~~n'a, 
1'W~1'l 10 tJ~~l'WlJl iJnl'jl~CJ'W'U11eJ~'jlnlCH~nCJ~eJ'lbb~?!n'j1'Wvh~lJ?!f)'j~'Wl~n~l'l~'l

~ ~ 

~'Wl~1 vmliJ bb 'Wl1"!JlJb~lJ?!'l~'W nl'j~ltJ~eJ'l bb~?!n'j~'W5~'lC-J~f)'j~'VlU~eJA11lJ?lrub~CJ'Vll'l bfl'j'\!J'\ifl'C\l
OJ 'U ~ ~ 'U ... ~ 

rleJ'Wil'l?l'l~'l1'W~l'W'Vll'l nl'j'Vl~ bb 'Vl'W?! n'j'Wl'l ~1CJ?ln'j?!11 bb~~nl'j?!ru b~CJ1eJ nl?!~eJ-:J bb~?!n'j1'W nl'j
'U " '\J .., ~ 

1~C-J~ C-J~ ~~~eJbdeJ'l bAtJiJf)l'jLJ'j~lJlruf)l'jnl'j?lru b~CJVI1'lbfl'j'\!J'\ifl'C\lllth~lJlru 400-500 ~eJ~~lt-1 
'\J.... ~ 

?!VI-r\i~eJnl'j~ltJ~eJ'lbbll?!f)'j 1 ~1 (Koketsu et al., 2000; Sasaki and Koketsu, 2008) 
~ , 

nl'j~ltJ~eJ'lbb~?!f)'jtJeJ n'C\ll f)'C\l~iJn l'jfil'u'l ~-:JA11lJ?!ru b~tJ'Vll'l bfl'j'\!J'\if)"C\l bb~l 1'W~l'WaueJ-:J 
, '\J.... ~ 

lJ'W'\!J'tJ6'j'jlJniJnl'H"!J'WVI'Wn~ltJ1,~tJb~tJln'W n~lJeJlnl':i~vll1~bbll?!n'j~ltJ th~neJu~ltJ UruVil 
~ " .... 

n'j~b'Wl~btJ'WbbC-J~ nlTU~~eJ-:JeJ1CJ1~.flltJ1 'W nl':ieJm?lU~eJ-:jl~bb~~n'j~b'Wl~U?!?ll1~ 1~11CJ 

b5tJu'W~tJ UruVil b~ tJl nU~l bb~~~11'C\l~lJ bVI~l "C\l1 nnl':i ~n'\!J'11tJtJ 1 'jLJ'W'U':hYh~lJ?!n'j~iJ~tJl~1Vlru 
Q.I ,,.. QI 

, 
1tJeJb:W~f)lnl1~ltJ~eJ'lbblJ?ln':i'WUnl1 100 bb~ iJeJ~'jlnl'j~lCJOSZleJ'lbb~?!n'j?l'ln':hyh~lJ~tJl~b~n

'\J , 

lJln1'Wbb~~n'jeJl~"!JeJtJ bb~~'W'UeJ~':ilnl1~ltJ~\l~'U1'U~1\lb~eJtJ n1f)!)lAlJ ~\lV!lAlJ bb~~~~lAlJ b~eJ 
hJtJltJlJld iJnl111'U11lJieJlJ~f)1'j~lCJ~eJ\lbb~?ln'j'C\llnyh~lJ~tJl~f)~1\l-1V1ru 1'ULJ'j~b'Vlfl

'U ~ .... 

?!VI-r\ieJl.lJ~nl~ltJltJ 604 'V'Jl~lJ 'W'U111tJ~l\l A.fl. 1993-1997 eJ~'j1nl':i~ltJOSZleJ'lbb~?!n'j1~tJI,u~tJ
~ , 

?!-:J~-:J 5.68% 1tJ~1\lfl~~eJ'W'W'Ufll1~ltJOSZleJ\lbb~?!n':i:W1nf)11fl~~tJ61 eJ~l'liJ,rm:hfi'ru I.b~?lfl':i~l~'U
'\J VI '\J , v I '\J I .." 

VleJ-:J~?!\l~'W'C\l~iJeJ~11nl1~lCJ?!\l~tJ~ltJ 1~tJ?ln1?111iJeJ~11nl1~ltJ~1~?!~ ~l~lJ~iJ~'Wl~1VlruiJ 
'\J '\J' , .... 

eJ~11fll1<'lltJOSZleJ\l bb~?I n1?1'l n11Yh~lJ~iJOSZltJl~ b~ n n11 ?ll bVI<'leJl'C\l bf)~ 'C\lln~l~lJ~iJ~tJl~1Vlru~f)iJ
, '\J , .... 

iK~~1'W~B\lAtJ~bb~~eJ~1?!fl':i?l':lfl11~1~lJ~tJl~b~fl Vl11~fll1~bb~eJ1'C\l1~vi'1()\l bb~~~1~lJ~'W1~1Vlru 
'\J , '\J '\J ... 

tJ'l~l btJ'U~eJ'lt11?1,fl1?!11'Vl~bb 'VltJ'C\ll n.fll tJtJeJflyh~lJ~l'UltJlJl n ~'l b~tJ'l ~eJ nl':it11L1Abil'V'Jl~lJ 
1~tJI,O'Wl~11A Porcine Reproductive and Respiratory syndrome (PRRS) (Tummaruk and 

Tantilertcharoen, 2007) 

(sow longevity) 

Al1lJ~lJ~tJ5nuLJ1~~'Vl5.nl'Wn11C-J~~~eJ-:JYhilJeJ~1\liJ,rm11fi'ru b~'U iJnl1ibA11~t-1sUeJlJ~'WU11bb~ 
.... 'U 

?In'j~iJeJltJfll11i'lltJ > 6 VleJ'l iJ1'W?lrub~tJ1~tJ11lJtieJtJfl11bblJ?!f)1~f:1nfi'~~\lneJtJVleJ'l 6 bb~~ 
" '\J OJ , '\J 

'V'J1ilJ~iJ bb~?!fl1bVI~ld~ltJltJlJl fl lJfl'C\l~iJ~ltJltJ~ n?l n':iVl~ltJlJ~eJ bb~~eJtJ?I-:J nl1~1~lJ~iJ?!f)':i
, 'II , '\J , 

bVI~ldB~"!JeJCJ tJeJfl'C\llfldEJ'l'WU11?1fl1?111~1~-r'U f)l'je.J?!lJAf-:Jbb1neJ1CJ 186-227 l'UiJLeJf)l?1eWLtJ 
'\J , , '\J 

vhilJbfl'W 6 VleJ'llJlflfl11?1n1?111~C-J?llJf)f\lbb1n~eJ1CJ 249-269 1'W ()-:J 1 bvhvl'l (Sasaki and, , 
d

Koketsu, 2008) (<'l111'l'Vl 1) 

ieJlJ~I.V!~ld ;51~b~tJ111'W1~'U'Uf)1'jb~CJ'l?ln1bb'U'UB<'l?llV1n11lJ?ll1tJ1",,~ bb~~1tJ~l~lJOSZl'Wl~
'II , , 

1vml 'Wunl1<'llCJOSZleJ\l bb~?!fl1iJbb'Ul1UlJ?I-:J~tJ nl1<'lltJ~eJ\lbb~?ln1d'UeJfl"C\l1f)"C\l~~-:jC-J~fl1~'VlU~eJnl':i
.... ~ '\J , 

?!rub~CJ'Vll\lbfl1~\in"C\l bb~l cJ\l btJtJb~eJ-:J~b~CJlsUeJ-:JnUlJ'W'\!J'CJ611lJ1tJf)11b~CJ'l5<'l1~fl~lCJ nl1~bb~5~1 
'U .... «lI , '\J 

VlE1-:J fl11bA~eJ'WEJlCJiK<'ll ~~eJ~'C\ltJf)1'j~11 "C\l?!0SZl.fll'W5~1eJ81'l f:1 n~eJ-:JA1'jb"!J'UlJ1 n~'W1tJyh~lJ~tJ1~
, '\J 

n~l-:J bb~~~'Ul~1Vlru b~eJ1~eJ~'jlnl'j~lCJ~eJ'l bb~?lfl'jhJ?I-:Jbf)tJ1LJ ~-:J'C\l~~-:JC-J~~.x\l~eJC-J~C-J~~'V'J11lJ 
.... , '\J 

nl'ab,j1a1Vb:u'iru~'UfiezJeJ'Ian'aa11t'Uth~bVlf11VlV
'U ""', , 

?In'j?l111tJtJ1~b'Vlfll'VlmsUl?flm'C\l~ru~tJ5~eJlmo~CJ 200 1tJ (Tummaruk et al., 2007, , 'U ...., , 

2009) (~tJ~ 1) L~CJvi'11tJeJl~L'U'UU'C\l~tJ~"1fi'qJ~~~~eJf)11bil~1m"C\l~qJ~'U~OSZleJ\l~n1?111 ':iE1\l~\llJl 
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~eJJ1"'nrn~1 bb~~fll1lJVI'Ln1~l1'i..l~'UVI~\l bb~eJV1\l1'Jn~vr\leJl(J, J1V1't!n~1 bb~~fll1lJVI'Ul1~11''W~'U 
V1~\l ~ fll1lJ bb 'lhU'Jl'W~ eJ'U~1\l~\l {J'<\J~(J~~~'VITI"v'J~~ eJeJl (J bb~~J1V1't!n~lbneJt1'11(J b'<\J~ru.w'U5t'U~n'J 

'\) , OJ ~ ~ 

~11 1~bbn ~1'JeJl'V11'J ~1(J~'U5 fl~nl~ ~nl"v'Jbbl~~eJlJ bb~~nl'J1~~lJ~~tl'U'v~eJ~n'J (Christenson, 0' '\) ~ 

and Ford, 1979) 8~'Jlnl'Jb'<\J~~b~'U1~bb~~fll1lJVl'Ul~eJ'I1~11''U~'UVI~'11'U~ni~11~fll1lJ~lJYr'U5 

nUeJl (J bneJt1\llm'<\J~ru.w'U5 ~ni~11~1~ b~1 bb~~~fll1lJVltll1~l1''U~\.IV1~\llJln'<\J~ b~1~1(J b'<\J~ru.w'U51~ 
~ v ~ ~ 'II v, 

b~lnl1~n'J~11vtt{?l~1 bb~~~fll1:W'VI'U1~eJ'I11''W~'UVI~-:JileJ(Jn''h (Rydhmer et al., 1994) 

c=J Ltlil'iLeiJUGl ~ Cumulative percent 
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inlfu1ilY.1Jn'·ntluef~A.f"""in (efl.l~''''1 

~tJ~ 1 nl'Jn'J~'<\Jl(J~eJ\leJlmneJ'WUnl'JdJ'W~Vlfl~-:Jbbin1'Uff n iff11.wU5t:JfflJ Landrace X Yorkshire 
\J , " 

1'U'V'h{lJffn'j1'UUi.~b'VI1'll1V1(J~1'U1'U 5 'Wl{lJ (4,002 ~1) (~lJl: Tummaruk et al., 2009) , 

eJ18~eJ'I~ni~11bneJb~1~lm'<\J~ruYr'U5 ~llJlitl~18'V1eJ~'VI1\l.w'U'Bni'jlJ1~~eJ'U~1'1~-:J (h 
2 

= 
" 'II OJ, , 'II 

0.3) bneJbU~(J'UbVlmJn'U~f1'I~H1.I~V11-:Ji~U'U~U~'Wq~'U'l (Rothschild, 1996) ~ni.w'Uq(JeJ{m~(J{ 
(Yorksh ire) 1tlU'J~ b'VI I'll ff1 b~tI~ ~1 bu~ (J bb~~fh b~ (J\l bUtllJl ~'j~l'U~eJ'IeJl ~ bneJt1'11(J b'<\J~~~'WqbVlltl'U 

211 +20 1'W bb~~J1V1't!n~1 117+14 nl~n-rlJ (Eliasson, 1989) 1'Wffni.w'U5t:JfflJbb~'Ub'J6lfbb~~,, 
8eJ{nb~(J (Landrace x Yorkshire, LY) iieJl~l~mu~(JbneJt1-:Jlm'<\J~~.w'Uqb'VhA''U 185 l'U bb~~ 
J1V1,rn~1 98 nl~n-rlJ (Andersson et al., 1982) 1'LJU'j~b'VIPl~~'1bPlff~lbu~(J~eJ-:JeJlmneJt1\l1(J, 

b'<\J~ru~'U5t'Uffni.w'U5tJeJn{b~(J{ bb~'W~bi~ bb~~ffn'J.w'W5t:JfflJ LY bvhA'u 215+1.4 198+3.3 bb~~ 
cv " , , , 

190+2.1 1'LJ 1'LJ~ru~~J1Vl't!nbneJb~1~lm'<\J~ru.w'U5bvhA''U 116+0.9 103+2.2 bb~~ 98+1.4" ", 
nl~nflJ~llJ~l~U (Bidanel et al., 1996) Tummaruk bb~~flru~ (2000) ~'Ul1 ffni~'U5bb~'W~, , 
b'J6lf1'LJU'J~bVlPlff1b~'LJ1~f'Ufll'Jt:J?I:W~'U5fl~'1bb 'Jnb~lnl1~'U58eJ{nb~8flU'lh~bV1l'1lb~(J1A''Ut1'1 2, , 
~U~l"v1 ~U'J~ bVll'llffVlf\ieJ blJ~nTWU11?1n'JcW'LJ5bb~'LJ~b'J~'<\J~eJl(JiIeJ(Jnl1ff n'JoW'W5(JeJ{n b~(J{bneJt1'118... " ", 
b'<\J~~.w'Uq fll1lJbb~n~1-:J'J~V111\l 2 .w'Wqd'Wu1~b~'Wtl'LJ1t1~f1'I~ru~~'W1 b~'U 8~'Jlnlib'<\J~~b~ul~ 
fll1lJVl'Ul~eJ\l1~11''U~'UVI~'1~J1Vl't!fl 100 nl~nflJ Tummaruk bb~~flru~ (2000) 'W'Ull~n'J~11, 
~18~'U5bb~'U~b'J6lf~tlnA~ b~eJnlJlbtl'UbblJ~'LJ5ttI~'1til bfl~ (J~1'LJ'lh~bVlI'll611b~'LJ ii8~'Jlnli,,, , 'II 
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L"il~ ru L~LJ1~~~n1l~n ";}~1tJ cW'U BtJ B 1 n L ~ tJ 1 LL ~1 'U 'Vll~ {9l ";} 'l n 'U~1:W ~ n ,,;}~'UBLL~'W~L,,;}6lJ n ~LJ lJ11'U"''UVI~~ 
OJ " , , 

~'Ul'ln1l nl";}A'W'WLJ.n?!B~fl~B'lnLJ Bidanel LL~~flru~ (1996) ~~'WLJ1l?!n,,;}-W'UBLb~'W~b,,;}6lJ1'W, , 
'lh~ bVlPl~~~LPl?!lJ1~11'W"''UVI~~LJ1'l n1l~ n,,;}cW'UBtJB1n L~tJ1 bb~~ Lb?!~~Bl nl,,;}bU'W'"~L~lfl1l~~ 2, , 
~tJ~l~ fll1:W bb~ fl~l'l bVI!;'h.n'WBfl"ill n"il~B6LJltJ1~~1 tJ fll1lJ bb~fl~1~V11~-W'W5fl,,;},,;}:WLL~1 iJ'lBl"illJ, 
i.1"il~tJ'Vll~~l'W~~ bb l~~BlJ b~llJl b~ tJl~B~~ltJ b~'W lJ nl,,;}'WLJ1l~ n,,;}~'WBtJ B1fl b ~CJ ft'WtJ";}~ b'VlPl~l b~'W, , 
lJU ru VI11'Wfll";}tJ~{9lJl'UlJ ~'lBl"illJtJ~~Bfll,,;}b"il~ru b~'U1~1~mQ~tJ~B'l~n~fl,,;} 'WBn"illndiJ~lJfll,,;}

v u ~ , 

1992; 

Tantasuparuk et al., 2000) 

lJfll,,;}1~CJ'W'U1l ~'Ul~'UB'lfl,,;}Bfl~~fl,,;}~11d1~ (birth parity) e1{9l,,;}lfll,,;}L"il~~L~'Ul{9l Lb~~ 
fll1:WVl'Ul1~JJ'W"''WVI~'l lJfll1lJ"'lJ~'WB (correlation) n'UBltJ~tJ~lJ1~fl~~Lb ,,;}fl1'U?!fl,,;}?!11B~1~lJ, , 
cUm:11Aru 

Q.J 
1~tJ'W'U1lb~B~'Wl~'UB~fl,,;}Bfl~~fl,,;}?!11bn~lJ~'Wl~1V1ru~'U v e1~,,;}lfll,,;}L"il~rub~'U1~ "il~~~~'l 

q u 

QJ QJ QJ Idi < 1i1 d(r=-0.13, P<_ 0.001) fll1lJV!'Wl~B~1'U:W'U~'UVI~'l~'l~'U (r=0.03, P_ 0.05) bb~~~~tJ~ VlBlmlJB'" , 
tJ~:W~'WBfl~'lbb,,;}fl1'W~fl,,;}~11b~:W~-:l~'UB~1'llJcUm"hAru (r=0.04; p~ 0.01) 'WBfl"illn.ne1~,,;}lfll,,;} 

, , '" OJ 

b"il~qJb~'U1~~~bb~bb";}fl bn~"il'W~-:lJ1V1cUfl 100 n1~fl-rlJiJ'llJfll1lJ~:W~'UBn'Ufll1lJVI'Ul~B'l1~l1'U~'U 
VI~~ 1~CJ~fl";}~iJe1{9l,,;}lfll,,;}b"il~~b~'U1{9l~'l"il~iJfll1lJVI'Ul~B-:l1~l1'U"''WV!~~VI'Ul (r=0.25, p~ 0.001) 

bb~~t;)fltJ~lJ1~b~1~'U (r=-0.26, p< 0.001) ~fl";}~iJfll1lJVI'Ul~B\l1~l1'W~'UVI~~~\lV!'Ul"il~~\lt;)fltJ?!lJ
'" , '" 

1~b~1~'W (r=-0.07, p~ 0.001) (Tummaruk et aL., 2001) 

11/ 

1l1V1,rn~n";i~1'l, 
9fh1lJ~fl,,;}1~ tJvi'11tJiJtJlJtJ~lJcW'UB~ fl,,;}~11fl~~ bb ";}fl b~B'WLJ fll,,;}L U'U"'~fl~\l~~B'lVl~BVI~~"illflJ'U , " 

1~tJ~fl,,;}?!11fll,,;}lJJ1V1cUflvllB~1'lUBtJ 130 nl~fl-r:w 1'U'Vll'ltJ!lU~i.1~Vll~'W'U1~UBCJ '1 1'Unl,,;}tJ~lJ 
cW'UB?!fl,,;}~11 AB BltJlJlmn'U1tJ J1V1cUm.JBtJbn'U1tJ bb~~/VI~B 1~iJfll";}U'UViflfll,,;}bU'U~~ "illnfll,,;}" , 
1~CJ1'UtJ,,;}~b'Vl?l1'Vlm~m~1'l d'W'U1l ~fl,,;}~11~-r'Ub~l'rh1lJ~J1V1cUfl 81-110 nl~fl-rlJ bb?!~~fll,,;}bU'U 
~~1~b~lfl1l~fl,,;}?!11~-r'Ub~lYh1lJb~mJ1V1i1fllJlflfl1l 111 nl~fl-rlJ bVl{9ltJ~bdB\llJl"illfl~fl";}~iJ, , , 
J1V!11fl~llJlflb~B-r'Ub~11,,;}\lb~B'W~fl,,;}?!11'V1~bb'VI'W (gi It pools) l1fl'WLJ1l~fl,,;}~11V1~lCJ~llJB1~lJlfl 
bb~l ~ltJ bVl~d~':JVh1tX~fl,,;}bV1~lm~-r'Ufll,,;}~lJer~n'U'rJB~fl";}il bn'U1tJ ~\l~\ltJ~~Bfll,,;}b~l~i'm"il~ru 

" , '" OJ 

~'UB fll,,;}1~tJf)m,JVlUld'W'U1l t.ll?!fl,,;}?!11b~lJ~lJer~n'U'wB?!fl,,;}b~BBlm~lJ~'U "il~'Vh1tXBlmQ~m~B, , " , 
b~1~i'tJb"il~ru'W\'!'B~-:I{9l1:W1tJ~ltJ~~{9l,,;}-:ln'Ufll,,;}~fl~11'UtJ,,;}~b 'VIPl1'VItJ ({9l1,,;}1~~ 2) 

'" OJ, '" 

1'W'Vh{lJ~fl";}1~CJvi'11tJ b~B~fl,,;}?!11~'Ul5 L Y t;)flA~~-:I~'WlJl'V1~bb'Vl'U 1~m~Bfl"illflJlV!Ufl~1, ,,'" 
bU'-Ibflrusvl 'Ul'lfl~'l'W'U1l?!fl,,;}?!11~A~ b~Bn1~iJBltJ~bb~fl~1'ln'U U~Vlld'W'U:Wlfl bb~~'W'UUBCJ1'W, , 
yJl1lJ~lJ fll,,;}tJ~{9l~ fl,,;}~11'Vl~ bb'VI'W~1 bB'l i.1 ruVll~l'Ufll,,;}~~ fll";}~1~t;)fl~B'ld ~'l tJ~1tXBltJ~?!fl,,;}~11

, OJ '" , , 

b~:W"'lJ~?!n'U'wB?!fl";}iJ fll1lJ LL tJ";}tJ,,;}l'U~-:l LL~~iJtJ~ fl,,;}~'Vl'U~Bfll,,;}b~1~1m "il~ru~'WB "ill flfll,,;}1~tJ'V'lLJ1l, '" .."'" 
J1V!11fl~B-:I~fl,,;}~11 L~B~'l~'W1 i-:ll'W ~'Un'UtlltJ bb~~e1{9l,,;}l fll,,;}L \l~ru L~'Ul{9l~B-:I~ fl,,;}~11LtJ'U~lAru fll,,;}

, , OJ, OJ 

'Vi11tXJ1V1cUfl"1Jtl\l~fl,,;}~11b~lJ~'Wbdtl~~~'U1i'l1 'UJ'U U"il~tJ~f)l";}ril'W-:l~~ Atl J1V1cUflbb,,;}flfl~tl~ fll,,;}, 
biCJ'l~1'W,,;}~Vll1-:1~~'W:W bb~~fll,,;}~~fll,,;}~l'Ufll,,;}1tXtllV11,,;}1'U,,;}~tJ~~l-:16') iJfll";}Pifl~1'W'Ul1J1V1cUmb";}fl 

'" '" I 

fl~tl~~tl-:l~, fl";}iJtJ~ ~tl~'le1~,,;}lfll";}iJ~l{9l,,;}tl'" bb~ ~?!:W";}";}t;)[)1'W1'U fll,,;}b"il~ru b~'Ul~~tl'l~fl,,;}, ~lJ'Ulll~tl'"v 

~l~ (Rydhmer, 2000) fll,,;}~ltJ'VItl"''Vll-:1~'W~fl,,;},,;}lJ (heritability) ~tl\lJ1V111flbb,,;}flfl~tl~ l~mQ~tJ 
lJ~"lbvhn'U 0.4 ~'ltl~1'Ubflru6f1tJl'Ufl~l-:1 (Rydhmer et al., 1992) 'Utlfl"illfldfll,,;}1~tJiJ\I'W'UBfll1 
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~fl?ffl<j~bn~~lflbblJYfB~ 3 ~~lJJ1V!,rflbb<jflfl~B~~~?f~ 1ti~ru~~~fl61fl<j~bn~~lmblJYfB~ 2 ~~lJ 
'IJ ~ ~ 'IJ ~ 

J1V!,rfl~J1fl~~~ L~BB1~ 3 "'tl~l~ Ltl~mJbVitJtJntJ~fl~fl<j~bn~~lflbblJ~fl<j~l~UYff)~~til 

~1-a1.:i~ 2 fl11lJ"'lJcWti'lh~Vil1~Bl tJ~B~61 fl<j61T11,~B l,~lJ"'lJcr?fnUyJB?f fl<j bb~~BltJ~'WtJfll<jbtJti"'~ 
~ ~ ~ ~ 

1 ti?f fl<j?fl1 cWti5t-J61lJ bb~ti~b<j6(5 -tJ B~flb~tJ~ 
q q 

BltJ~"'lJcr?fyJB61fl<j (b~B'W), , ~lti1ti61fl<j (~1)
1 

BltJ~bUti"'~fl~'lbb<jfl (lti)
1 

3 103 183 

4 871 193 

5 1629 207 

6 1048 222 

7 87 232 

8 26 257 

~lJl Tummaruk et al. (2009): Anim. Reprod. Sci. 110:108-122. 

1titl<j~bVl~b~tilJl~fllJfll<ji~tJ'W'Ul1 61fl<j?fl1cW'W5 LY ~tlfl~ln~B1Vil<jLV!~B 75% ~B~<j~~tJ
1 ~ 'IJ 

lJl~<j\iltib~'WlJl~fl ~~bb~BltJ 6 "'tl~l~~ti()~BltJ 180 lti eJ~<jlfll<jb~~t;Ub&itJl~6(Je:l~?ffl<j?lld~~... "',~ ~ 

fll<j~ln~B1V!1<j~~~hfll1fl~lJfld'UfllJe:l~1~~,rtJ(.=hrrru (552 bb~~ 667 fl-rlJ/lti ~llJ~l~tJ)
~, OJ 

(S0rensen et al., 1998) 1ti.f)lfl?ltillJfll~~~J1V!,rfl b~e:ltl~~bDtiJ1V!,rfl~1~B~?lfl<j?fldVl~bbVlti
~ 

fld~vllbU'U~~tJ~1 bb~~vllbUti<jltJ~d ~~bb~J1V!,rflbb<jflfl~B~ J1V!,rflV!~1'UlJ J1V!,:rm~B~'U~~ 
BtitJl~ (9 ~tl~l~) bb~~J1Vi,rflb~e:lvhnl~rr~cW'U5 n~111~tJ61~tlJ1VitJn~e:l~?ln~?ll1b~e:l-r'Ub~1, , , , 
'Yh~lJ~fldllJ~lJcW'U5nu fll~bil?11tJ b~~rucW'U5~B~61 n~611d ?fn~611d~~fld~lJl-r'U fll~tl ~~ bij'Ut11V!tJfl 

'II "'" , 

~d~~bb~bb<jflfl~B~ Vi~l'UlJ b~e:lBBfl~lm~lB'U'Ul~ bb~~b~Brr~-W'W5 b~e:l1m~?fn<jVl~bbV1'U~~ 
J1VitJnlJl~<j\il'Wb~e:l?l~~'W1i~1'Ubb~~l:W~'le.J~fl<j~~'U~Bfll~LU'U~~' ,... 

fl1111~'U1euel.:il"ll~'U61'U~".:i~n-a~11• 
fll<jl~fldllJVI'tn1~~'W"''WVI~'l1'U61n<j~~~i~, 

tl~~~Vl5.f)l'W1'Ufll<j1~b.ne:l bb~~?f'llJl1i~l'U b~€l~~ln~n~ru~6(J€l~tl~lJlrubd€lLb~~ bb~~fldllJV!'Ul1~~'U 
'IJ 

"''UVI~'l~ fll<j~l tJ'V1€l~V11~cW'U5fl <j<jlJlJl61~ B~l~1<jn~?ln<jb'Wfdl bijtJ~ tl flrr~~'UlJlbU'UbblJ-W'U5 
, 'II , 'II , 

~lbu'U~€l~~tJ~lJ1ru1~~'U~'Uv!~~ b~tJ.:J~€l~e:lfll<j1i.:Jl'U1'U<j~Vil1'l1~t-J~e.J~~ nl~1~fldllJVitil1~~'U 

"''UVI~'lcQtJlJ'r~1ti~11.I.Vi,j'l P2 fi€l tJ~l.dru 6-8 b6(5'U&il.lJ~<j ~l~~lfll.l.'Udn~l~~'WVI~~\?l<j~~ll.bV!,j'lI.I.'Ud 

6(J€l~6ItIfl~~~?f~YfltJ vtlfl<jrul~fldllJVitil1~~'U"''UVi~~61fl~~cQtJlJ1il.b~~ btJ'U~tJBlJ-r'Un'Ul~tJ~d1 tl 
" 1 

bU'UbbtJ'UeJ~~~16(51d~~cQ~ bv 1VllJ~ ~~t.J~~~lflVi~ltJ I bbt-1'l I.b~lJ~ru.f)1~~B'Ui1.:J1fl~bAtJ~nti 
(Magowan and Me Cann, 2006) 

fll<jl~fldllJV!til1~~ti"''UVi~~1'U61fl<jyJeJ-bbll~'U5 l.~lJvll1'Ufl~lJ61fl~~'U5bbVl <j~~UU~l~ti1tJ
q , ", 'IJ 

1~tJcQtJlJl~fldllJV!ti116(J~'U"''Wv!~~1'W?ln<j~~ltifll<jV1~?feJ'UcW'U5, 1'W~d.:lJ1V1,rfltl<j~lJ1ru 80-100, 
nl~fl-rlJ 1~tJ1'U~d.:ld61fl~611tJl.bll (dam line) b~ti bl.fl'Uv1I.~6(5 bl.~~ tJv~m~tJ~ ~fld1lJViti11~~ti~'U 
VI~.:Itl<j~lJlru 10-11 iJ~~l.lJ\?l~ (Lopez-Srrano et al., 2000) v~1'l1<jn~VI~.:I~lfl~J1Vitrfl~dbn'U 
100 nlflfl-rlJ ~fl<j611dV1~ bb Vl'U~~b~lJ~fll<j61~?flJfldllJVi'Ul1~~ti"'tiVi~.:I1.~d~'U 'W~€llJ I n'Ufll~b~lJ 
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'Vl tJBmi1~1m 'i\J~ru~'W5 B~l.:J1~n~f111~~~W'W5~~Vll1.:Jf111~VI'Wl1~11'W~'WVI~.:Jn'IJn1~bi1~lm'i\J~ru
'U ..., 'U ... 

~'W5EJ.:Jhji1~r;1n1~1~tJ~~~b'i\J'W ijnl~l~m~l-Jb~~1~tJn1~t9l~1'i\J?f1~1'lh~'W~?f~1.:J'i\Jlnb~~r;11~11'W, 
~mr;1tJ~'W~l~~ltJ 1~tJ?fn~~ijf111~VI'W11~11'W~'WVI~.:J?I.:JYfUl1i1br;1tJ~'W?I.:J (Summer et al., 2009) 

, \I 'U 

bb~nl~vi1V1l!1~~B'l b~tl~'W~ B~~'IJ'IJ~'U'w'W51'W?I n~EJ.:J f1'lB ~1'W~~Vll1.:Jnl~1~tJ 
" 'U 

n1~~n'lj1'Vll.:JW'Uun~~~~B~BltJ1i.:J1'W?ln~1'WYh~lJtJ.:J~';h hw bu~m'ln~~ijf111~VI'Wl1~11'W , " , 
~'WVI~'l?f.:Jnl11'W~1'lJTm1n 100 n1r;1n-r~ l1n'i\J~ijBltJnl~1i.:J1'W'Wl\Jnl1?fn~~1~11'W~'WVI~.:J'lJl.:J 

'U " 

1~tJ~'IJ~n~ru~.n~.:J1'W?ln~W'W5LL~'W~b~~ tJB~nL~tJ~ bb~~ ~~Bf1 (Stalder et al., 2005; TarrE~~s et 
, , 'U 

al., 2006) 1'W?ln~~'U5 LY vhm'WYh~~~~~'IJyJB-bbl.lW'U5cvtlhJ nl~1~f111~VI'Wl1~11'U~'WVI~.:J1'W?ln~, , , , 
'Vl ~ 1,1,'Vl'WEJ.:J1l.lcQtJ~vil bU'U.:Jl'U tJ~~~l 'i\J~vil I,~Btl~~ 1,:W'U'l.I~~~'Vl5.f)1'W?f,n~'Vl~ 1,1,'Vl'WU1.:J I,U'Uf1.f.:Jf1~11 
vi11~nl~~n'lj1~r;1~B~f111lJVI'Wl1~11'W~'WVI~~~B?f~~~f:l.f)1'W'Vl1.:J~~'U'IJ~'IJ~'W51'W~~tJ~tJl1 bbr;1~B1tJ, , 
1i.:Jl'WiJ.:J1l.l?ll~1~f:llbf1~1~Vl1~I,VI~B'Wn'IJ~.:Ju~l B~1'l1~n~'i\Jlnn1~~n'ljl1'W'l.I~~1,'VlPl1VltJ1'U?ln~'IJ1'l 

'U 'IJ , 

~.:J 'W'lJl1?1n~?l11w'W5~?flJ LY iJf111~VI\J11~11'W~'UVI~.:Jl,u~mnBU,?f~~nl~bu'W~~f1.f~bl,~n (B1tJ
'U , , , 

'l.I~~~lru 26-28 ~'l.I~1~) ~ 10-14 :W~~blJt9l~ (~'l.I~ 2) (Tummaruk et al., 2007) 1~tJ1l.l~'IJ11 
'U 

f111 ~VI'W11~11'U ~'W VI~~ij f111lJ ~lJ W'U 5n'IJ n 1 ~btJ 'W ~~~B~?f,n~ bb ~B~1~1~ ?f,n ~?f11~t111,i llJ1'Vl ~ 1,1, 'Vl 'W 

1,1,r;1~~~~'W1i~1'U~J1V1,:rn'l.l~~lJlru 130 n1~n-rlJ 'i\J~iJ1~11'W~'UVI~~?f.:J~'U'l.I~~~lru 3-4 :W~~blJt9l~ 
'II 

il1tJ 1 'WI,1~1 2 b~B'W 1~tJ~1~lJ~viln1~~n~1'W'IJ"ch~n?fn"jf:ln~'l~'W~?flJW'W5I,nBijf111lJVI'Wl1~11'W~'U 
'U , 'U , 

VI~\ltJ~~lJlru 13-18 :W~~blJt9l~ ~.:Jbt11V1lJltJ~B~?fn~vtl~-r'IJnl~~?flJW'W51~f11~iJf111lJVI'W11~11'W~'W, , 
VI~.:JtJ~~lJlru 16-18 iJ~~blJt9l~ 1'W'lJl~'Vh{lJVI~B1'W?fn~'IJ1~~1~'liJ~~B.:J~n'lj1~B1'l.Il1'i\J~iJ~~n~~'Vl'IJ, 

30 

25 

Jg 20
'5> 
'0 
Q) 15OJ 
ttl 
1: 
Q) 

~ 10Q) 

a.. 

5 

0 

7-8.99 9-10.99 11-12.99 13-14.99 15-16.99 17-18.99 19-20.99 >=21 

Backfat thickness (mm) 

~tJ~ 2 f111lJVI'Wl1~11'W~'WVI~~I,~B'W'lJn1~bU'W~~f1.f~bl,~n1'W?fn~?f11W'W'B~?flJbb~'W~b~~ X tJB{m~tJ{cu , , 

1'W'l.I~~b'VlPl1'VltJ ~1'W1'W 202 ~1 (Tummaruk et al., 2007) 

http:19-20.99
http:17-18.99
http:15-16.99
http:13-14.99
http:11-12.99
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Q,d Q, Q.I 

15'n1"j1~lI 

(Procedure) 

~t;l1'U~'VI~fn),:jLLE;l:!n1"j~~n1"j~11tJ 
n1~1~tJA~~d'VhlurhilJ~n~bBn~'U ~1'Ul'U 4 ¥hilJ 1'U'lh~b'Vlf'lll'VltJ (A B C bb~~ D) ~1ilJ, 

A bb~~ 0 B~il1AVl~1'UBBn rh~lJ B B~.n1AVl~1'UVln bb~~ ~1ilJ C B~.n1AVl~1'UBBnb5tJ~bVI'UB ~~ 
'lJ 'lJ 'lJ 

B~~1bbVl,j~~~Vll1~b~'U~~~ 13-17 I.b~~~~Vll1'lb~'Ubbl'l~ 100-104 ~1'Ul'Rjn~1'Un1~t.J~~~~1'Ul'U
'lJ' , 

I Q.I I ••1 ~ ••1 ~ q.... 'I 0 I cJ a.1 ~ 
~~Vll1~ 900 bb~~ 3,600 ~lVlBy~1~lJ Y~1~lJ A I.b~~ C lJn1~t.J~Vl~n~'Vl~H.I.'Vl'UbB~b'U~~ ~ru~'VlY~1~lJ 

B bl.~~ 0 ~B?if)~?l1d'Vl~bl.'Vl'U~1n~b'V'n~b~tJ~I.I.VI~'l~'U?lf)~?l11'Vl{1lI.I.'Vl'U~1'Ul'U 10,434 ~1 b~lJl.i1~~ 
, 'lJ' 'lJ 

~~bb~b~m..llJf)~1AlJ 2004 Ci~ b~B'U~~Vl1AlJ 2007 ?If)~~111.-t'1~llJ~~b~BB1tJ 173.9±23.5 l'U 
, 'lJ, 

(J1V1,rf)~1 91.9±12.2 fn~n-rlJ) (mean±SD) I.b~~BBf)~1f)~~I.~BB1tJ 225.5±24.6 l'U (J1V1,rf)~1
'lJ , 

131.3± 13.9 fn~n-rlJ) ?If)~?l11B~~llJ~~btJ'UI.1~1 52.1± 17.0 l'UnB'U~~t;)n~\lltl~'ll~~b~B'\..It.J?llJ 
, 'lJ 'lJ 'lJ 

~'U6t'U~~?lf)~~11~f)1~1~J1~1n~'lJJ1eJVll'U3J~bb~~B1V11~B~1\l1~\l1n~~f)1~1~B1V11'jl'U~~ 2 A~~
, 'lJ , , 

(tJ~~lJ1ru 3 fn~n-rlJ~Bl'U) tl'j~nB'lJ~ltJ~111~~~lbVI~B'ltJ~1U'\..lbtJ'Ur;11'Utl'j~ f)B'lJVI~f)~tJ~lJ1ru 
ltJ~~'UVltJ1'lJ 16-18% ~~'l~1'\..1 3,000-3,400 nl~bbA~B~~Bn1~n-rlJ I.b~~1~6lf'U 0.85-1.00% ?If)~, 
?l111u¥h~lJ A bb~~ 0 BtJ1'Ul'j~I.~B'\..Ibl.'lJ'lJ'j~'lJ'lJbtJ~~'l~BtJf)~ru?lbtJ~tJJ1bl.~~~{1l~lJ'j~'lJ1tJB1f)1f'1l

'lJ , 

1'U~ru~~?ln'j?l111'U¥h~lJ B bb~~ C BtJl'\..11'j'lb~B'\..IbbU'lJ~~'lJ'U~'Vh1~b~'\..I~ltJ1BJ1?ln~BtJ1'UABf)'jllJ
, 'lJ , 'lJ 

tV II Q tV Q 

n1"j~~n1"j~1'U~~.fl1'WbLE;l:!n1"ju~1f1SZf'U• 
?l~.n1~~B'l?ln~?l11I.b~~?l f)'j'\..l1\l1~-run1'jb~1'j~1'l1~ tJ~~l Lb~'Vl ~~n'j~111~-r'U1A6li'U'uB\ltl'U, " , 

1'jAtJ1f)bb~~bVi'1b~BtJ (FMDV) 1'jAB~11~?lf)'j (CSFV) 1'jA~'t!t?l,r~u1bVitJlJ (ADV) 1'jA~1fbl1-r~, , 
1'U~f)'j (PPV) ~B1tJ'j~Vll1'l 22 bb~~ 30 ~tl~1~?ln'j?l1d'Vl~bb'Vl'U~B'l'rh~lJ?ln'j B C bb~~ 0 1~-r'lJ" , , 
lA6lf'UuB'ltlul'jA.wB1~B1~bB?l (PRRSV) lA6S'UuB'ltl'U 1 'jA1~VI,r~LL~~bL~~1'jA~VI'\..I~~'jllJBtJ1'U1A6lf'U

'lJ 'lJ 

UB\ltlul~A~1ftl11-r?l1 '\..I?ln'j ~{j~~B'llA6li'\..lltJ~bbf)'jlJf)1'j1~lA6lf'Ubb~~n1'jt.J~~lA6lf'\..l~~Lb~f)~1'ltl'\..l, 
1'ULL~~~~'lVl~'l~1f)~?ln'jb~1~~ 1 ~tJ~1~?ln'j'U1~~~t;)nEJ1tJL~1lJ1~llJ~~~lmUw.l~1tl'j~lJ1ru 4 

'lJ , 'lJ , 'lJ 'lJ 

~tJ~1~b~B1~?if)'j?l111~A~nl 'jA (acclimatization) ~ltJeJ~~1~1'U?ln'j'U1\l 1 ~1~B?ln'j?!11 6-10 
, q , q 

~1~'l1~ tJ'*11'\.J bL~l ?In'j'U1'l~t11 b~1lJ11~?ln~~1dA~n1~AtT'\..I~~iJn1'jVllJ'\..Ibl tJ'\..I'Vln~tJ~1~ , " " 

n1"j~~n1"j~n"j~11'V1~LL'VI'U• 
bn'U~mJ~~'\..It5tJ'j~1~?!f)'j?l1d f)1'jbU'U~~ n1'j~lJ~?l~B~n'jL~lJ~lJ~?l?ln'j?l11 Vl'jl~~B'Un1'j

'lJ , , " 

1~bb?l'l?l11\l Al1lJb~lJ~B'lbb?!'l 'j~tJ~I.1~1 Vl'jl~?lB'Uf)1'jAl'lJ~lJ bb~~ij15n1'j~1\l1 b~B"lhtJ~~ 
BruVlillj1'U~1\l~?lf)'j?l11n1~~~~bi1r;11m~~ruw'Ut5 iJn1~1~B1V11~b~lJ~tJ~~lJ1ru 10-14 l'UnB'\..I 

, 'lJ' 'lJ" , 

t.J?!lJW'\..l~ (flushing) ill'j'lb~B'\..IbbtJn~1n~~~f)'j'U1\l 'j~'U'lJ~~iKf)~ru~~B'll'j'lb~B'\..I Vl'jl~?lB'U 

bbVl~'l~lJ1 b~B~~ Al1lJb~tJ'l~B\ln1'jLn{1l1'jAn1~-r'U'lh~tl'U?l~il1'Wbb~~Vl'jl~?lB'lJ1'\.J~bbn'jlJn1'jvl1, 
lA6lf'\..l ?ln~A~nn'lJ?ln'j1'U~1~lJb~BbVl~tJlt11n1'j?l~1~illj~lJ1'jA B~1\l,j'BtJ 60 l'U Vl~l~?lB'lJ 

, , , '\J , 

~'U~B'\..I n1'jf)'j~~'\..If)1'jbU'U~~ Vl~l'.\l~B'lJiBlJ~ n1'jt.J?llJ~'Ut5?l n'j?l11A~~ bb'j n I.b~~'Vhn1~u'UVif)
q '\J" 

http:0.85-1.00
http:b~B'\..It
http:b~lJl.i1
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n1'j(Jl'j1~n1''HtJ'Utl~ 

vll fll'j~'j,)'.\lfll'j btJ'W~~?I fl'j?ll,)1~w1t161fl 'jyJeJ~'Ut5 b~'U~1'WVl171f1eJfl~~mJ1,xihll'j~lJ~?Intl 

b~eJ?lfl'j?ll,)b~lJb~leJ-:j (eJltJ 173~9 1'U) 1'WG'l~ ~-2 f1~'1 fl'1'j~'j,)'.\lfl1'jbtJ'U~~~~eJ~'.\l'Wfll'j~lJ~?l6ijeJ\I
, 'II' 

61 fl'jyJeJ~'Wt5'.\l~vil btJ'U\h~~l'VJ fl1'U'.\l'W fl'j~~\l61fl'j611,)eJeJfl'.\l1 fleJ'I b~ eJeJl tJ 225.5 1'U fll'j~'j,)'.\lfll'j
" , , 'II' 

btJ'U~~vi11~tJfll'j~\lbfl ~~m~H:1J~~eJ'Ithfl~eJ'If1G'leJ~ bbG'l~1iJ1V1cWflfl~~'1'U'WVI~\I (back pressu re 

test) ~eJVlU161 fl 'jyJeJ~'Ut5~1~ b~lJ1tJ bb~,) 61 fl'j6111~ bb61 ~'1 fl1'j 8t1~\1~ eJ'U61'W eJ\I~ eJ 61 fl'jyJeJ ~'Ut5~eJ ~ 
", , , 'II 

~l\1V1Ul'W~eJlJn'UiJ~fl~ru~~eJ'Itllfl~eJ'I f1G'l eJ~~b~tl1~~~ b'.\l'U'.\l~tlfl'j~'Ul1 btJ'W~~ fll'j btJ'U~~d'.\l~f:lfl 
'II , 'II 

~'j1 '.\l61eJU bb~~~'1u'WVi fl1'W61lJ ~\h~,heJ\I'VJfl1'U 1~tJf1'U~iJtl'j~61'U fll'jru ~eJlJ~~f:lflutiVifl 
, 'II , 'II 'II 

th~fleJ'U~')tJ 'j~61th~~l~l61fl'j 1w.n~ 1'U~b~lbb~~eJeJfl'.\llfleJ\I 1'U~btJU~~f1~\lbb'jfl1,xb~'U J1V1cWfl 
, 'II 

~1~ru~~ b~1 bb~~eJeJ fl'.\ll fleJ'I bb"~fl11lJVI'Wl~eJ\l1~~'W~'WVI~'1 1~ tJth bQ'Wl~eJltJ~eJ'I?lfl'j?l11~ bilbbG'l~
'II , , 

eJeJfl'.\llfleJ'IeJltJ61fl'j~btJ'U~~f1~\I bb 'jfl1,xb~'W bb~~~1'1 b1~1'j~Vll1'1 b~leJ'I bb"~fll'jbtJ'U~~f1~'1bb'jfl1,x 
'II " 'II 

..: 0 c> 6' 
b VI'U'UllJl1 bf1'jl~VI 

f11'jo[.:JJ1'V1Uf1 bb~~n1';j1~fl111J'VI'U111J:U'Utl'U'VIa.:J 
?I fl'j?l11tlfli'lJ1V1cWflf1~\I bb'jfl b~eJ b~1 eJ'Ibb~~ Bfl f1~-:j neJtltl fl~\I b~11'j'lb~eJ'U~61lJ~'Wt5 e)~'jl

, 'II 'II 'II , 

fll'jb'.\l~ru b~'U1~ (fl-rlJlJ'W) ~'1 bbvl bf1~'.\l'UeJeJfl'.\llfl~\I'.\l~tlfltillJ1Al'U1ru (e)~'jlfl1'jb'.\l~rub~'U1~ = 
CLI \J cu QJ 

(J1V1cWfleJeJflb~leJ\I-1.5/eJlmdeJeJeJfl'.\llfl~-:J) x 1,000) (Tummaruk et al., 2009b) 1~f1,)llJVI'Ul
'II , 'II 

~eJ-:J16ij~'U~'UVI~-:J1U61fl'j611,)'VJfl~1b~eJb~1~-:Jbb~~eJeJn'.\llfl~-:J~~eJlJn'Ufll'ji-:JJ1V1cWfl (131.3 fn~fl-rlJ)
" 'II 'II 

1~tJ1ibfl~eJ\le)~~'jl~11,Jbb'U'U A-mode (Renco Lean-Meater@, Minneapolis, MN., USA.) vil 

fll'j1~1~l1'U~'WVI~'1vr-:J 2 ~1\11'U~lbbVl'l1\16ijeJ\l6ittfl'j'l~?I~YfltJbb~~'Vil\1'.\llnbb'U1fl~1'1~Jlh~lJlru 6-8, 
b~'W~blJ~'j '.\llfl,r'Utilfh~l~1~vr\l 2 ~l\1lJlbQ~tJtil~11~11'U~'WVI~\I~1~b~eJ61n'jeJeJfl'.\llfl~\l1tlfll'j

, '\J 

lbf1'jl~~~eJ1tl 

II II Q Q 

1JB1J~~1.:J~1'UB(Jl'UV1J1~V1
'U •• 

~eJlJ~~1'UeJ~ijtJlJl'VJtJl~eJ\I'Vlfl1'U1~'.\llfl?lf:lTneJ~ijtJlJl'VltJlth~~1~-:JVl1~~-:JeJtJ1fl~n'U'vh4lJ
'II " , " 'II 

(hhn'U 100 n1~blJ~'j) ~ruVl.fJ3Jbb~~f111lJ~'UdntJ'UeJnbQ~tJ 24 i')1lJ\I'U~bJruvh4lJ1'U'1~~eJ'U (15 

~:w.f)1~'W~5-:J 14 3J~'WltJ'W) '1~eJ'U (15 3J~'UltJ'U5\1 14 ~~lf1lJ) bb~~'1~VI'W1J (15 ~~1f1lJ5\1 14 
ev6'''''. oev • .J ... 

fllJ.nl'W'ULi) lJf11 29.4°(/71.7% 28.5°(/78.1 % bb~~ 26.4°(/68.1 % ~llJ~l~'U f11bQ~tJeJruVl.nlJ 
, , '\J 

~1~~bbG'l~~\I~~1'Ubb~~~1'U b'Vhn'U 24.6-34.9°(24.8-33.00
( bb~~ 21.4-32.1O( 1'W'1~~eJ'W '1~eJ'U 

bb~~'1~VI'W1J {?)llJ~l~'U Al'W')ru~6ljU~t1JVI.fJiJf1JllJ~'W1'Wbbvl"~1'W1~~1i~~'jAl'U')ru'.\l:n Kelly and 

Bond (1971) ~\lU THI = DB - [0.55 - (O.55xRH)] x (DB-58) 6lf\l DB ~eJ 1"11bQ~tJ6ijeJ\leJruVl.f)iJ
, 'II 

bb~~ RH ~eJ 1"11bQ~tJf1,)llJ~'W 1"1~lbQ~tJ THI 1'U'1~~eJ'W'1~eJ'Wv bb~~'1~VI'Wl1 b'Vhn~ 80.6±2.4 

80.2±1.5 bb~~ 75.8±3.7 (mean±SD) ~llJ"l~'U 'WeJfl'.\llflU ieJlJ~~eJ\I~1\1b,)~lVlijbb?l\l ('W'j~
'\J 

eJl-V;~ ~~'U5'1'W'j~eJl-V; ~tJ~ fl) 'U~b1t1Jvh4lJ1~lJl'.\llflfl'jlJeJ'VJfl~l?1~4fleJ'IVl'W b~eJ (1~'Ub,)~llJl~'j\il'U, ~ 

'Vil\1'.\llflfl~ij~'V11\1~~1'UeJeJfl 7 ~J1lJ\I) 1~mu~tJ~'j~eJ1Vl~~~'UbJ~1 6 UT~fll 11 'W1Vl ('j~Vll1\1 

http:24.6-34.9�(24.8-33.00
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a.) 
- THI --0-- Temperature ~ Relative humidity 

31 85 

30 

29 80 I 
~ 

u28 
~ 

~ 27 
~ ro 
ill 26 a. 
E 
~ 25 

24 

23 

22 

~l\ln(;il 5 'Ul~fll 41 'I.J1Vlbb(;i~ 6 'Wl~fll 46 'W1Vl) Yf:l~81VlI'lVVlml(;il 18 'Wl~fll 19 'W1Vl 

(':l~·ltdl\l~l\ln(;il 17 'Wl~fll 39 'U1Vlbb(;i~ 18 'Wl~fll 50 'W1Vl) ':l~tJ~n(;il~i1bb?l\lL~mu~m'Vhfl'IJ 
12.4±0.4 12.S±0.4 bb(;i~ 11.S±0.2 ilLlJ\l 1'Wf)~18'Wf)~~'Wbb(;i~f)~VI'Ul11'l1lJ~lV)'IJ 8ruVl.nijbu~m·)1

U I 'II U I 'II U I 'II ~ 'II 

Al1lJ~'U~lJ~'V1TI~~iJ8ruVl.nijAl1lJ~'Wbb(;i~~1-lbl(;il~i1 bb?l-l bb?l~-l11l'U':l'l1~ 3 
, 'II 'II 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

10 +---.-----,---,.. ..,,--,--- --.,.----.--.. '-.,.-,---,----,-----,-----, 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

"atl~ 3 r11bu~tJ8ruVl.f)ij.f)ltJ'W8flL':l\l1,~8'W (24-ilLlJ\l) f)11lJ~'W"lJ-W'VlTI (%) bb(;i~ temperature
'U ~ 'II 

humidity index (THI) '<\llfl?l"l1iJVl':l1'<\l81fll~'IJ~nru1fl~1 yhilJ (a.) bl,(;i~ r)lbu~~Al1lJtJl1bb?l-l 
(ilLlJ\l) l,iJ'W':lltJb~8'W (b.) 

......... "'" 

n1"a~"ad~~1~~"a~d~V1 

~lJl.fi'IJI,~8~?lfl':l?l11~f:)flr1~~-:Jb~8-:J'<\llfliJruVll'Vl1-:J':l~'IJ'IJ~'IJ-W'WTI~1'W1'W 200 ~18~1\l 1'W~1-:J 
, , 'II " , 

n(;il 6 b~8'W L~tJfll':lI.'<\l1~1.~8~'<\llfll,~'U1.~8~~1~f)8n8'W~\lL ':l\l6JJ1"Vll y]lfll':ll,l,tJfl611~lJbl.(;i~bb~I,I,~-:J~ 

b.) 13.5 

13 

12.5 

"8 12 
.~ 

a. 
.9 11 .5 o 
.c 
a.. 

11 

10.5 
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~ruV!iJ~ -20 °c bb~rJ'Vrlfll~{?1~1~V!lbbB'U~hJB~~B1~fl Porcine reproductive and respiratory 

syndrome (PRRS) Pseudorabies Porcine circo virus bb~~ Parvovirus {?1~l'i\lVllbbB'U~'UB~~B 

b~Bl1-r611~fl PRRS ~ltJ~~Y1~61B'U HerdChek PRRS Virus Antibody Test Kit 2XR (IDEXX 

Laboratories, Inc.) 'Vilfll~{?1~l'i\lVllbbB'U~'UB~~BbbB'U~ b'i\l'U gl ~B\lb~B11'r611~flcW~~t!~mJlbVl~lJ 
~ltJ~~Y1~61B'U HerdChek Anti-PRV gpl (IDEXX Laboratories, Inc.) ~~l'i\lbbtl'U~'UB~~tlb~B 

11~611~fl Porcine parvovirus ~ltJi5 Hemagalutination Inhibition (HI) test bb~~ 

Polymerase chain reaction 

n1'nnu~"JBfh.:l1J~~nu~~~nan·nLVI.:IbyjBVI'j"J~Vl1LbB'U~b~'U~B1'jfl'VI1.:1'j~'U'UaU'w'U5
'U 'U q q 

b~BbtJ'Wf)l~~'W~'Wfll~~~b~Bbb~~f)1~bb'W~f)~~~ltJ~tl\lb~tl1~flf)ltJ1'U~l~lJ61f)~ 'Vilnl';i~lJ 
~lBcil\1bb1i?lfl~~YoJ'Ui1ruVI1Y11\1~~'U'U~'U-W'W5 l~t.bf) ()nA~~\I bbVJ\I ~flf)~tlf) ~n~ltJbb';infl~B~ b~B

, OJ , 'IJ 'IJ 'IJ 

bf)'U~lBcil\1lJ~~f) ';if) VI~B~lBtl'U b~tl111lJl?1n~bbtJf) DNA bb~~ RNA b~tlPif)~lf)l~tl~ln~~B~b~B 
11~?I PRRS PCV2 bb~~ PPV ~ltJ15 PCR 

n1'j(;1'j"J~l'lh~hJb~tJ~'Ul'U6l1f1J 
1'Wf)1~Y1~~B\lmi61f)~6111~1'Ul'U 77 (?)1 (bb~'U~b~~ 41 (?)1 bb~~ tJB~m~tJ~ 26 ~1) ~b~tJ\l1'W, 

1~~ b~tl'UU~1'W~1~lJ61fl~bb~\lVI~\lV11\1.f)lfl~~l'Utltlnb~tJ\lbVlijB~B\ltl';i~bY1~1VltJ btJ'U~ltlcil\1 1~tJ61fl~, , 
?ll11~~'UB1V11~tl~~lJlru 2.5-3.0 n1~n-rlJ~B~1~tll'U fll~l~fll1lJVI'Ul1~~'U~'WVI~\l1ibfl~tl\le1~ 
{?1~1~11~~iJ~btl1V1lJ~ (Renco lean meter®, Minneapolis, MN, USA) l~~~lbbVl'll\l P2 

(tl~~lJlru 6-8 b~'W~blJ{?1~~lflbb'Ul~'UVI~\I) 61n~6111f1flbbtl\lBBmtJ'U 4 fl~lJ1~tJtll~mflru']fll1lJ
, 'IJ 1 

V1'Wl1~~'U~'WVI~\I Atl 10.0-13.0 mm (n=7), 13.5-16.0 mm (n=24), 16.5-19.0 (n=14) bb~~ 

19.5-26.0 (n=22) fll';ib~l~b~tl~b~B{?1~l~~~~'UeJtlfbJ'Wb~tl~'U bn'U~lf) Jugular vein 1~tJfll~ 
~~1~eJB11lJ'Ub~tl~'U'Vil1~~tJ1i Porcine Leptin (LEP) ELISA Kit (MyBioSource, CA., USA.) 

~ II 

n1'jbn'UtlB1J~
'U 

'Vilnl~ Ln'U.uB:U~?I f)~?ll1 bb~~?1f)~'Ul\1~nl~\l1~t:J~t:J~ (?1~1f)1tl~bbfl~lJfl BlJ~lL{?1B~~lL~~~tl 
'IJ , , 'IJ 

~tl\lvh~lJ bb~~~lfl61~~u'UVif)~ltJ\ll'Ufll~~~fll"j~\I~tl\l~l~lJ L~tlPin~ltJB'WVI~\I (Retrospective 

study) ?I:U~"jfl.f)lYoJY11\1f)1~~'U-wt.llft'U~l~lJtJB'UVlI:l\l 3 tJ (2007-2009) bb tl~ btJ'Uf)~lJ{?11lJ-W'U~ l~Lbn 

61flJ'W'U5 bb~'U~b"j~ tJtl~m~tJ~ bb~~ -W'U5t:J61lJbb~'U~b~611xtJB~m~tJ~ itllJ~~'Vilfll~~~Lf)'U l~bbn 
, , , 'IJ 

b'UB~VI l'Ubn~ l'U~YoJ'Unl"jbtJ'W~~ lW:J61lJ J1V1t!n~1 fll1lJVI'Ul1~~'U~'WVlI:l\l l'U~fl~tl~ ~l'Wl'U~fl 
'IJ 'IJ 

i.I I 21 1I 

?lfl~bb~f)fl~ B~vi'\lVllJ~ ~l'Ul'W~fl?lfl"jbb"jf)fl~B~~~l{?1 l'WVlA~Vi\l bb~~?llbVI{?1f)l~A~Vi\l 'Vilfll';i
, 'IJ , , 

I I 
21 21 "'4 cv 21 q"" 

~~1~?ltl'Ufll1lJflfl~tl\l~B\I~BlJ~ b~Bfl~f)"jB\I~BlJ~Vlt:J~'W~l~BBf)
'IJ 'IJ 'IJ 

~BlJ~?ff)~?ll1 bb~~61f)';i'Ul\1~l'Wl'W 38,383 1'i'1 ';i~VI':h~tJ YoJ.~. 2549-2552 (fl.~. 2006
'IJ , , 

2009) ~l'Wl'U 8 'Y'h~lJ1'W.f)lfl{?1~l'WBBf) .f)lfl{?1~l'U~f) .f)lfl~~l'UBBm~tJ\lbVlijB bb~~f)lflf)~l\1~B\I 

tl~~bVl~lVltJ 1~tJ~~1'Ul'Ubb1i61fl"j1i\ll'U~1'Ul'U 1,600-4,000 bb1i bU'W-W'U5t:J?llJbb~'U~b~~ x tJBifl, , 
b~tJ~ bb~~b~tJ\l1 'U1~\I b~B'Ubb'U'UbU~ fll~t:J?llJ~'W5?1f)';i1'UVln~l~lJ1 ifll"jt:J?llH VltJlJ 1~tJtlf)~?lfl~?ll1" , , 
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()ntJ~lJ~entJ ~32 ~\J~l~ t11V4un ~ 135 n1~f)~lJ bb~~bb~~-:!Blf)11bth.J"'~lJlnnl1V4d'lf1~'l lf1~'W 
'U , 

~'Vh1'W~n1 1~bbn foot and mouth disease, classical swine fever, Aujeszky's disease, 

porcine parvovirus bb~~ atrophic rhinitis ~f)'j1~-r'UB1'V1111'W~~ 1-2 f1~-:! ('lJ1~lJlru 1.5-3.5 

fn~f)-rlJ~Bl'W~B~d) 1~tJtJn~~f)'j'<\)~()f)A~~'lV4~'l~1f)~1~'U'VIB'l~ 6 hJbb~d 
q 'U 

~ ~~ ~~ 

n1~1tfl~1~'Vf1Je:JlIflVl1.:JaCl~ 
'IJ 

nl1ibf)c;jl~~'V11-:!{;"1t)~1mtJ'jbbn'j3J 5A5 (5A5, 2002) (;1~~b;a'l~c;jc;jru'WltJc;j~f)B'U~dtJ-;Jl'Wd'W 
v I .,,1,.,,1 ~, iI VI ."I 
~n~f)c;jf11bu~tJf11bUtJ'lbU'WlJl~c;j~1'W (SO) c;jdlJ'V1'l~d-:!~BUb~~~B'l~BlJ~ ~~~d'W~B'l~nc;j~lTVlbbGWI'l 

, ~ 'U' 

nlc;jbu'W"'~ti'lnB'W~,<\)~BBn,<\)1f)~'lbb~~"'~~d'W~B'lG1f)c;jG11d~bbG1~'lf)1'jbtJ'W"'~ti'li11tJ1'W 28 1'W
'U , 

'VI~'l,<\)lf)b~1t:J-:!f:lnibf1c;jl~'VI1~tJ1inlc;jibf)c;jl~~b;a'lf)dllJ~ (PROC FREQ) bb~~nl'jibf1c;jl~~nl'j
'U \J 

()~()BtJl~~G1~n (logistic regression) (PROC GENMOO) bbUU-;Jl~B-:!Vll'lG1~~~TVI~Uf)lc;jibf1c;jl~~ 

nlc;j()~f:lBtJl~~G1~ntJc;j~f)BU~dtJ~'l~nc;j (A B C bb~~ 0) tJ~bil~'l (2004-2007) ~~f)l~~b~l~'l 
(f'l~~B'W f'l~~'W bb~~f'l~V4'Wld) bb~~tlD~lJ~'Wlh~'VI11'lt:J'lG1nc;jbb~~f'l~nl~ BltJ~G1nc;jbtJ'W~~f)~'lbb'jn

°1'U °1'U °1'U ~ 'U' °1'U q, 

1~b~'Wf:lf)ibf1c;jl~Vl1~tJnl'j1inlc;jibf\11~~f\dllJbbtJ'j'lJ1d'W~V4f)ru (multiple analysis of variance)
'U q'U 

(PROC GLM) ~nlc;j~~1'lbbUU~1~B'l'V11'lG1~~ 2 bb'U'U ~B bbUU~l~B'l~ 1 tJc;j~nB'U~dtJij~..j'tJ~B'l~'l
'IJ 

:;"1 ."I iI • I d ~I v Q I "'" v v ~ I.I 0 d 
~n'juV1b~l~'l~~nl~V1~nc;jb u'WG1~bb~~ u!JG1lJ'W'Wu'j~'VIdl'l~'lbb~~~~nl~ bb UU,<\)l~B'lV1 2 

tJc;j~f)BU~dtJ iJ'<\)~tJ~B'l~-:!G1nc;jtJ~bilt:J'lb~B'W~~f)'jbtJ'W~~bb~~tJn"':U~'W~'j~'VI11'l~'lG1n'jU.~~b~B'W~
'IJ q 'IJ q ~ 'IJ q 

btJ'W~~-5~c;jlnl'jb,<\)~ru b~U1~t11vnrf)~d bb~~f)dllJ'VI'W1~B'l1~l1'W~'WV4~'lbb~~BltJ~ru~~~nc;jBBn\lln
'" q q 

~,:mnt11~J1ibf\c;jl~~bbU'Uf)1c;jibf)c;jl~~f\dllJbbtJc;jtJ'jd'W~V4f)ru (PROC GLM) bb'UU-;Jl~B'l'V11'lG1~~
'IJ 'U q'U 

tJc;j~nBU~dtJiJ'<\)~tJ~B'lt:J'l~n'jtJ~bil~dlJt:J'lf'l~nl~~G1f)c;jbil~'lbb~~tJn"'lJ~'W~c;j~V411'lt:J'lbb~~f'l~f)1~
'U q \J °1'U , 'U ~ \J °1 'U 

(~lc;jl-:!~ 4) Least-square means bb~~fhf\~l~bf)~B'WlJl~'j~l'W~B'lfhbu~tJ (5EM) 1~'i\llmb~~~ 
U'i\l~tJ bb~~L11lJlbtJ~tJ'UbVltJ'Un'Wl~tJ1m5nlc;jV1~G1B'U Tu key-Kra mer ~'lJ-r'U~lV4-r'Unlc;jbtJ~tJ'UbVlmJ 

'VI~ltJtJc;j~nlc;jAl'WdrueJruV4i1ijf)dl3J;'W~~t1BruV4i1~f\dllJ;'Wbb~~~d'lbd~l~~bb~'lbu~tJ 30 l'WnB'W~ 
q \J , 'U 

G1n'j'i\l~b~lt:J'lAlt.!dru~'VI~3JcW'W~bbUU Pearson's correlations c;j~V4dl'l~BlJ~bb'UU~Bb{jB-:!
q \J 'IJ 

(continuous data) vr-:!VI:U~~'ltJc;j~nB'U~dtJeJltJ~b~lbb~~BBn'i\llnt:J'leJltJ~btJ'W~~f)~'lbb'jf) 1 ~b~'W 
, \J , 

-5~c;jlnlc;j b'i\l~ru b~'U1~J1V4{Jn~d bb~~f)dl3JV4'Wl~€l'l1~l1'W~'WV4~'l~ b~lt:J'lc;j~tJ~ bd~1~€l'ld'l1€l'Unl'jbtJ'W 
'" 'IJ 


v iI .d v I "'" JI v q "" JI I .dq


{;"1~bb~~~eJlJ~bntJdf)'U~i1TV~€llf)l~ (b~'W€lruV4i1lJf)dllJ~'W~~'l.J€lruV4i1lJf)dllJ~'l.JU.~~~d'lbd~lV1lJbb~'l
'U q 'IJ q 'IJ 

btJ'l.J'j~tJ~bd~l 30 1'Wn€l'W~G1nc;j'i\l~bilt:J'l) nlc;jibf)'jl~~()~f:leJtJ'V'JV4f1ru (multiple reoression 
q \J q'U :> 

analyses) 1~b~€libf\'jl~~U'i\l~tJ~€l'l€lru'VIi1ijbu~tJ 30 l'Wf)dllJ;'W~~t1€lruV4i1ijf)dllJ~'W bb~~ 
, 'U , 'lI 

~d'l bd~l~nbbG1'lneJ'W~~f)c;j'i\l~ bil~'l~€leJltJG1n'j~btJtI"'~f\~'lbbc;jn1~b~'W bb 'U'U-;Jl~€l'lnl'j()~fl€ltJ
, 'lI q q 

tJc;j~ f)€l'U~d tJU,<\)~tJ~€l'l~'ltJ~ bilt:J'l bb~~ f)1c;jf:l~ ()€l tJ~€l'l€lruV4i1~f)dllJ~'W~~t1€lruVli1ijf)dl3J~'Wbb~~
'lI 'lI q \J , 'lI 

~d'lbd~l~nbbG1'l~d bb'lJ1nlc;jf:l~f:l€lmb~~~~dbb'lJ1()nL111tJ1mtlc;jtJbb'UU~l~eJ'lb~tJ'l 1 f)~'ll~tJnfh
'U \J 
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~~n1'i1c5'fJ 

(ResuLt) 

v 

~1f)~1'Wl'W~f)'H'Il1Y('1V1lJ~ 10,434 ~1 ~f)d~11~1'Wl'W 6,665 ~1 (63.9%) bb~~'lennl';) 
~ q I v 

btJ'W~~nB'W~\wih1d'lb~B'Wt-J~lJ~'W6 l~tJijBlmQ~tJ~btJ'W~~f)~'1bbdf) fiB 199.0±28.8 1'W 
~ ~ 

(bbtldtldl'Wd~vdl'1 138-317 1'W) btlB<h6l1'W~~~f)dbb~~'lBlnldbtJ'W~~ti'l1,xbi1'W 1~bbn 44.6%, 
81.6% 63.3% m=j~ 62.5% 1UthilJ ABC bb~~ 0 1?l1lJ~1~'IJ (P<O.OOl) iBlJ~I.~'1~ddru'Wl~'1 

'\J 

tld~f)B'IJ~ltJBltJ~l.tJ'W~~f)~'1 lob df) erl?ldlf)ldb~1ru I.~'IJ11?l J1V1tTf)~1 fll1lJVI'Wl~B\l1~~'U~'WVI~'l 
BltJ~l.ill.l.~~BB~~lf)cJ'I d~tJ~b1~l~'1I.I.~bilcJ'I~'WOJ~'IJf)l'J~~f)~'lbb'Jf) 1'Wbl.~~~eJ'Ibl.~~'11'Wl?lldl'1~ 3 

, '\J '\J '\J 

~lf)?ln'J~bb?l~'1f)l'Jl.tJ'W~~ (n=6,665) ij 48.8% (n=3,256) ~1.1.~~'1nl'Jl.tJ'W~~ti'l[lltJ1'W 4 ~tl~l~, 
(28 1'W) VI~'1~lf)l.ileJ\I bb~~ 74.1% (n=4,946) bL?I~'1Blnl'JLiJ'W~~[lltJ1'W 6 ~tl~l~ (42 lU) VI~\l 

'\J 

b~lcJ\l ?If)'J~11bb?l~\lf)1'JbtJ'W~~f)~'1bl.'Jf)d~Vll1'1eJltJ 138 1'W ii\l 317 1'W ('Jtl~ 4)
'\J , , '\J 

(;l1'i1.:1~ 3 ~1'Ul'W~f)d?l11~\lVllJ~ ~f)'J?ll1~bb~~\lf)1'Jl.tJ'U~~ BltJ~I?l'Jl~'V'J'lJf)l'JbtJ'U~~ e11?l'Jlf)l'J" , 
b~1rub~'U11?l J1V1tTn~1 f)11lJVI'W116(JlJ'U~'WVI~'l BltJ~l.ilcJ\l BltJ~~f)'JBBf)~lf)cJ\I I.b~~ 'J~tJ~b1~l 

OJ , '\J " '\J 

~'ll.b~bilcJ'I~'lbtJ'W~~ bb U'lI.U'W'JltJv.Jl{lJ (r11bQ~tJ±SD)q, 

A B c o 
~1'W1'W~fl';j~11 1,568 2,072 5,263 1,531 10,434 

~1'W1'W~fl1~11~LiJ'W~~ 696 1,691 3,325 953 6,665 
..: ~I ... v

B1~VlLu'W~~ (1'1..1) 224.6±25.4 195.9±19.8 185.0±17.2 234.6±34.1 199.0±28.8 

e)~';j1fl11b~~'Yb~'U1~ 532.7±58.0 581.8±56.8 596.6±55.7 558.2±44.4 578.5±58.9 

(fl-rlJ/l'W) 

,hV"rfl~1 (flfl.) 140.8±13.6 136.2±11.6 130.7±12.7 117.9±9.3 131.3±13.9 

f111lJVI'Wl1"lJiT'W~'WVI~'1 17.1±3.4 18.5±3.6 15.1±3.6 13.1±2.7 15.6±3.9 

(lJlJ .) 
..: V.I v

B1~Ylb"lJl~'1 (1'W) 205.8±29.6 171.7± 12.0 167.5±19.6 166.4±10.6 173.9±23.5 

B1t.J~BBfl (1'W), 261.9±32.7 232.0±12.3 216.5±1£1·.1 208.8±14.4 225.5±24.6 

b-U1~'1-LiJ'W~~ (1'W)
\! 

28.8±19.0 24.7±15.8 24.0±15.7 67.5±31.0 31.6±24.9 

~1'i1.:1~ 4 d~~'UtTm11~ryY11'l?lii&l~B'ltl~~tJ~1'l1 ~B~l'Ubb'U'IJ~l~B'l (model) Vll\l?lii~ 
~lbbthB~';j~ ~lbLU'Jt'lllJ 

Age at first Age at first Growth Body Backfat Age at Entry-to

estrus (1) estrus (2) rate weight exit estrus 

Herd <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Year (Herd) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Season 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 

Month <0.001 

HerdxSeason <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

HerdxMonth <0.001 
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d d g:1 ~
cv I cv !I.I GAl ..

"auVl 4 fll'H1~:::~ltJ~e:J~flll~tl~e:J~e:JltJ'Vl'VIj'Ufll~b u'LI?l~fl~~bb~fI (a) bb~:::~:::tJ:::~:::Vlll~~Ub~ly~l~~
\I , 

~'U~~Vl'j"l~'WUfll'j"LtJ'UG1~ 1'U?lf)~?ll1cW'U5tJ?llJLL~'LIL~611Lb~:::tJe:Jifi b~tJ ~lf1'V'hilJ?lfI~~l'Wl'LI 4 bbtA~" , 
1'U'lh:::b'Vl~l'VltJ 

'V'hilJ?lfI~ijB'Vl5'W~e:JV1~ijtTtJ~1f1ru~e:Je:JltJ~btJ'UG1~f)f.:Jbb'j"mL~:::?llJ~~tl.nl'W'Vl1~fll~~'UcW'U5, cv , , 

1'U?lfI~?ll1 1~mQ~tJe:JltJ~~Ufll~btJ'LI~~flf~bb'j"fll'L1?1f1'j"?l11 l~bbn 226.8± 1.0 199.8±0.6, , , 
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185.4±0.4 bL~~ 226.4±0.9 l'W1'WyhilJ ABC Lb~~ 0 ~llJ~l\1l'U (P<O.OOl) ~n"j~111'WvhilJ B, 
bb~~ C i1B1EJ~dJ'Wi1~H"I~-:Jbb"jmreWnl1~n"j~11hj'~~hilJ A bb~~ 0 (P<O.OOl) 1'W~ru~~B1EJ~btJ'Wi1~" , 
fl~-:JLb"jn"j~vdl-:J'V\hilJ A LL~~ 0 1~bb~n~1-:JB~1-:Ji1,:rtJ~lAru (P=O.992) BltJ~B-:J~n"j~11~btJ'Wi1~... " 
fl~~ bb"jn 1 'W'Vln'WlilJ i1f111lJ bb tJ"jtJ"j1'L11'LIbL{?)~~L~€)'LI~€)~tJ fl11lJLbtJ"jtJ"j1'L1IllJB~BltJ~ btJ'LI~~fl~-:J bb"jn, , 
tT'LIi1fl11lJ~~b~'LI1'L1YhilJ A bb~~ 0 lJlnnl1~lilJ B bl,~~ C ("jtJ~ 5) ~~~1'L1~B~~n"j~11~bb~~~

'U , 

Blnl"jbtJ'LI~~fl~~bb"jn.flltJ1'U 28 1'UVl~~~lnbil~-:) 1~bbn 59.4% 62.4% 73.2% bb~~ 9.3% 1'L1 
'U 

VhilJ ABC bb~~ 0 ~llJ~l\1l'U (P<O.OOl) ~~~lilJ 0 ~lnl1'WlilJ A B bb~~ C (P<O.OOl) 

280 

.- 260 
I/) 

>ro 
"0 
-;; 240 
2 
en 
~ 220 
Q) 

~ 
Q) 

~ 200 
o ...... 
~ 
:: 180 
ro 
Q) 
Ol 

« 160 

a 

',a a 
o--~ a 

--~B ,
B' 

-~-A 

~B 

~, 

- ... -c 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Month of estrus 

'a'lJ~ 5 BltJ~~'IJn1'HtJ'LI~~fl~-:Jbb"jn1'W'WlilJ ABC bb~~ 0 1'Ubb{?)~~b~m.J fh~iJ~delm~"jbVl~B'LItl'W
\I , 

1~{?)1~n'U€)~1~iJ,rm.ylAry (P>O.05) 

q~n1~
\I 

1~mu~tJ~n"j~11~bb~~-:JBlnl"jbtJ'U~~fl~-:Jbb"jn1'W~~V1'Wl1 (211.1±O.5 1'L1) iJB1~lJlnnl1 
1d ';'1 cv !II .11'U~n"jG111'V1bbG1{9)'1€)lnl"jbu'UG1~ 'U~~"j€)'LI (208.7±O.6 P=O.012) bb~~~~w'W (207.4±O.5 P<O.OOl) 

(~l"jl-:J~ S) bb{?)BcJl.:!1"jn~llJ~n"j~ld~bb~~.:!Blnl"jb\J'W~~fl~':!bb"jn1'Wi'l~Vl'LI11~~iJ"j~tJ~L1~1~-:Jbb{?), VI'U 

bil~-:J~'U~-:Jbb~{9)~Blnl"jbtJ'W~~fl~-:Jbb"jn (31.4±O.S 1'1..1) ~'Wnl1~n"j~11~bb~~-:)Blnl"jbtJ'U~~fl~':!bb"jn
'U , 

1'U~~~B'LI (37.4±O.5 1'W P<O.OOl) bb~~~~~'W (37.S±O.S 1'1..1 P<O.OOl) 'WBn~ln.ntJ-:)~'Ul1iJ 
,:rtJ~1r1ru~B-:)tJn~lJcW'LI6"j~V111.:!f1~nl~bb~~~.:!?ln"j~B"j~tJ~b1~1~':!bb~bil~.:!~'Wn"j~~~bb?l~.:!Blnl"j... d.J VI'U 'U , 'U 

btJ'LI~~fl~':!bb"jn (~l"jl.:!~ 4) "j~tJ~b1~1~~bb{?)bil~'1~'Wbb?l~-:!nl"jbtJ'LI~{9)fl~-:)bb"jn1~bi1'L11'Uf1~Vl'Wl1~'W
'U VI'U 

nl1~~~€)'LIbb~~~~cJ'W1'U'vhilJ A bb~~ 0 (1"j':!b~€)'LIbb'U'U"j~'U'UbtJ~) 1'W~ru~~YhilJ B (1"j-:Jb~€)'W~iJ 
"j~'U'IJ'Vhfl11lJb~'LIbl,'IJ'U evaporative cooling system) ~'LI~~nl~1lJ~'le.J~~€)~1-:J"j~tJ~b1~1 
~-:!n~11~1'L1YhilJ C (1"j':!b~€)'U~iJ"j~'U'Uvllfl11~b~'Wbb'U'U evaporativ~ coo~ing system) ~n"j?l11 
d !II • 1 1 Q.I d Q.I I !II D 1 ';'1 Q.I Q.I Q.I I !II D.1 d 1
'Vlb~"I~-:J 'W~~w'U (16.6±O.7 1'1..1) lJ"j~tJ~b1~l~-:)bb~b~l~-:)~'Wbu'UG1{9)fl"j'lbb"jn~'LIn11-:J~n"j~11'Vl1,~1~-:) 

1'U~1-:J~~~€)'LI (26.3±O.6 1'W P<O.OOl) bb~~~~Vl'LI11 (2S.6±O.7 1'1..1 P<O.OOl) 
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B'Vl6t"J(;'l~B-:J'l~f/l(;'l~BLtJB1L6l1'U~~B'I~f/'Jj;=111~m1~'1Blf/l'JbtJ'UfK~ er~'Jlf/l'Jb~~~b~ul~ 
J1ViL1f/~1 Al1lJVi'Wl~B'I1~lJ'UfK'UVI~'1 bb(;'l~BltJ~B\lj;=1f/'Jj;=111L~BBBf/~1f/tJ\I bb?l~\l1'U~1'Jl\1~ 5 ~1f/

, 	 , 'U 

~1'Jl'1~u:h(;1f/'Jj;=111~L~ltJ-:J1'Wfl~tJ'U~~ijAru~m!fru~~~f/11 L~'W Blm!e:Wf/11 er~'Jlf/l'J
, '\J 1 '\J , 	 ,U 

b~~rub~U1~j;=1-:Jf/11 J1ViL1f/~llJ1f/f/11 Lb(;'lt Al1lJVi'Wl~B-:J1~~'WfK'WVi~-:J~J1f/f/11 djBbVltJUtlUj;=1f/'J
IV '\J 	 q 

.:::J i.I 	 .1 1 i.I .I.:::J .1 if if .:::J ~0

?!11'Vlb~1~-:J 'U'l~'JB'Ubb(;'l~'l~Vi'Ul1 ~u'Vl 6 bbj;=1~-:J~l'Wl'Wbb(;'l~buB'JL~'W~~B-:J~f/'Jj;=111'Vl Lbj;=1~-:Jf/l'J ~iJ'W 

fK~1'Wbb~(;'l~ L~B'W~j;=1f/'Jj;=111biltJ-:J ~'1~U11LtJB1b6lf'W~~B-:Jj;=1f/'Jj;=111~bbj;=1~-:Jf/1'JbtJ'WfK~1'Wb~B'UlJf/'J1AlJ
, '\J 	 , 

'W'lPl~f/1tJ'W bl.(;'l~~"1AlJ tf'Wijfh~lbdmVltJunubtJB11.6l1'W~ 1'Wb~B'Wtl'WtJltJ'W ~\lVl1AlJ bb(;'l~ 
~ • 1 .:::J 	 .:::J ~I cv ~ 1 ' odI

'W'l'l!f.fllAlJ 'WBf/~lf/'U'U ~u'Vl 7 1.1.j;=1~-:JB1~~B-:J~f/'J'Vll.bj;=1~\lf/l'Jl.u'Wj;=1~A'J-'lbb'Jf/ 'WLI.~(;'l~L~B'U ~f/'Jj;=111 

~I.Lj;=1~\lf/1'JbtJ'WfK~~\lLL~ L~B'U'W'l~.fI1AlJ i1\1 ~,:jVllAlJ LL"t L~B'U~'lPl~f/ltJ'U bL(;'l~5'Wl1AlJ ~Bl~~ 
LJBtJf/111'Wb~B'W~'W1 (~tJ~ 7) fK~?h'U~B-:J~f/'Jj;=111~LI.?I~-:Jf/l'JI.'U'W~~Af-:Jbb'Jf/.fl1tJ1'W 28 l'WVI~\lL~l 
~\l1'W'l~tJ'U (68.3%) ~\lf/11'l~VI'Ul1 (54.5% P=0.002) bb(;'l~'l~~B'W (57.0% P<O.OOl) 

~1~1.:j~ 5 'iill'Wl'U?lf/'J(;111~I.~ltJ,:j ~~~1'U(;1f/'Jj;=111~btJ'UfK~ f)1tJ~~Uf/l'JbtJ'UfK~Af\lbb'Jf/ er~'J1f/l'J
q '\J' 	 , 

b~~t:yI.~U1~ J1V1L1f/~1 bb"~ fll1lJVI'Ul1~lJ'U~'UVI~,:j (least-squares means±SEM) 

~~f)1" ~TU1'U %dJ'U Vl~~btJ'U"'~ 'UJ)'H1fll'V'l~f))?ll: biiv~-:J~'U1-U-:Jl'U 


~~ A-r-:Jbb)f) (1'U) er~)lf)1) '\ll'VltJf)~l Al1lJ'Vl'Ul vl~ 


b'.\l~qJb~U1~ lJ'U"''U'VI~-:J 

b b b 	 b~v'U 3,843 63.1 b 208.7±0.6 565.3±1.2 130A±0.3 14.2±0.1 b 227.7±0.3

b b a b~'U 3,182 67.9 207A±0.sb 571.6±1.l 130.9±0.3 15.9±0.1 227.3±0.3
a a c a a a 

'VI'Ul1 3,409 61.3 211.1±O.5 561.2±1.3 133.0±O.3 16.0±O.1 238.3±OA

ab different superscript within column differ significantly (P<O.05) 

-	 Number of gilts entry 

75 - Number of gilts showing estus 


70 


65 

Q) 

g> 60 
C 
~ 
ID 55 
a.. 

50 


45 


40 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

:-

-0- Percentage of gilts showing estrus 

1(\
r-
l-

i-

,-,...., ,....., 
", I "~ 

I-

:', 

~: 

I·' 

f-

,.., 
," , 
; ~; 

. '. 

) 

I -
::~: 

:,\ 
:;:' 

-, ~ 

,.. 

1400 

1200 

1000 

~ 800 	 '6> 
'0 
ID600 	 .0 
E 
:J 
Z 

400 

200 

0 
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~tJ~ 7 e:l1~~'W'lJf\1~LU'U~~fI~~LL~fl (least-squares means±SEM) LL~~ "\J1'U1'U~f\~(;111~LL(;1~~ 
fl1~LU'U~~1'ULL~~~L~e:lU rh~iJ~1am~~L'VIijB'Un'U1lJ~1~nUe:l~1~iJtim11~ty (P>0.05) 

?lfl1'WfliJe:l1f\1~~~t1~~f)e:l'IJ~ltJ e:lruVifliJ fl11lJ~'U ~~Ue:lruVifliJfl11:W~'U 1'Ui1\] 30 l'U
'II , 'II , 'II 

ne:l'U~(;1 f)~?l11\)~L~1 ~~i1f111:W"'lJcW'U5nUe:l1tJ~ bU'U"'~fI~\I LL ~fl ~~ tJ~L1~1~~LL~L~1~\I\)'Uii\lLU'U~~ 
, 'II' 'II 

J1'V1tif\~1 LL~~fl11lJ'VI'U11"1J~'U"''UVI~\le:l~1\1i1tim11~ru (v)1~1\1~ 6) (;1fl~(;111~~:wcr?ln'IJe:lruVifliJ(;1\1
OJ , , 'II 'II 

Vl~e:l~~{jBru'VIfliJfl11lJ~'U~?l\l1'U~1~ 30 l'U ne:l'UL~1~~ 'W'lJl1i1e:l1tJ~:W1f)f)':h?lfl~?l11~",:wcr?ln'IJ
, 'II 'II 'II" 

... ~ .:!I...,<:I ... J{d~ ...,<:1 ... 

e:lruVlfl:Wv)1 (r=0.16 P<O.OOl) VI~e:l~~'Ue:lruVlfl:Wfll1:W~'U'VIv)1 (r=0.15 P<0.001) ~~'Ue:lru'VIfl:W 
, 'II , 'II , 'II 

fll1lJ~'U1'U~1~ 30 1'Une:l'U~(;1fl~(;111\)~t1fl?i~~'Ut~~L~e:l'U~?I:WW'U5f111:w~:w~'Ulfl'UL~~'lJ1fl (positive
, 'II , 

correlation) nUeJ1~~-r'IJL~1'V'h~:w (r=0.11 P<O.OOl) LL~"':w~'Ulfl'UL~~~U (negative 

correlation) fl'IJav)~1f\1~b\)~ruL~utv)"1Je:l~(;1fl~?l11 (r=-0.13 P<O.OOl) (;1fl~(;111~~lJcr(;1nUe:lru'VIfliJ
OJ, " 'II 

~(;1~1'Uil\l 30 l'UneJ'UL~1~~ ~ul1i1av)~1f\1~b\)~ruL~utv)~~1~\] (r=-0.18 P<0.001)
'II 'II OJ 

fll1:WtJ11bL?l~1'Ui1~ 30 l'Une:l'U?lfl~(;111bi1~~iJfll1:W~:WW'U5e:l~1~iJtitJ611~run'IJe:l1tJ~(;1fl~ 
, 'II OJ " 

Lb(;1~~fl1~LU'U~~fI~~LL~f\ av)~1f)1~L\)~ruL~'IJtv) e:l1tJ~e:le:lf)\)1f)~\l J1'V1tif)~1 bL~~fl11:WVl'tJ11"1J~'U~'U 
v , 'II 

V1~\I (v)1~1\l~ 6) ?lfl~?l11~~:wcr?lflUbb?l~btJ'UL1~1'U1'U\)~iJe:l1tJ~LU'U~~fI~~bL~m1e:ltJf)11?lf)~(;111~, " 
~lJcr?ln'IJ bb?l~LtJ'UL1~1~'UI (r=-0.03 P=0.006) Lb~e:l~1\11~nv)1lJt:-J~ fl1~1Lf1~1~~ie:llJ~'WU 
fll1lJG1lJ~'Ulh~~Ulf)~~vd1~fll1:wtJ11bb?l\l fl'IJ e:lruVifliJ (r=0.77 P<0.001) fll1:W~'U (r=0.36 

, 'II 

P<O.OOl) bL~~~~Ue:lruVlfliJfll1lJ~'U (r=0.78 P<O.OOl)
, 'II 

Q ~ ~.d JfQ.lQ,J~Q.lq .Q 

f)1~1bfl~1~V1?llJf)1~t1~t1e:ltJ"1Je:l\l~~fl~~'V1U"1Je:l\le:lruVlfl:WLO~tJ Al1lJ~'U?llJ'W'V15 ~~'Ue:lru'VI.f1:W 
, 'II , 'II 

fl11lJ~'U bL~~~1\1f111:WtJ11 LL?l~1'Ui1\1n~1 30 1'UOe:l'ULi1~\I~e:le:l1 tJ~LL?I~\l f)1~LtJ'UG1~A~\I Lb~fl
'II , 

Lb?l~~1'Uv)1~1\1~ 8 ~1~:wt1~~~'Vli?lVl~:W~'U5 "1Je:l\l~~f)~~'V1U"1JeJ\I~1\1f111:wtJ11bb?l\l~e:le:l1tJ~bL?I~\lf\1~ 
LU1J"Olf1~~ LL~flLLl"l~1,xL~tr;i,;VJf1 '1 1 .a-'i[lJ~~~ LL?I~L~lJlJ1f1~1J11J'1i1~ 30 l1Jriilwih~~~m?l11B1 ~ 
d ~I ..., ..., <:I..., 

'VI?1f)~(;111 Lb?l~~f\1~L u'U?l~f1~\lLL~f\\)~~~~\lLO~tJ 3.04 l'U, 

http:JfQ.lQ,J~Q.lq
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(;l1'a1~~ 6 ~'VI~lJYr'U6 (Pearson's correLation) ~eJ-:jeJru'VI.f1iJ fl11lJ~'U ~~-WfllllJ-reJ'U (humidity 
~ 'Ii 

and temperature-humidity index, THI) bbfl~fllllJtll1bb~-:j 1'U~1'l 30 1'W tlm"!~f)"j~11b~"'I~'l 

bl.fl~61~"j"j(l.f11'\f11 f)l~~'UYr'Utft'U~,f)"j~11~ 

d tJ • 

blJeJb~l gilt pool 

b~l~'l-dJ'U~V1 
'Ii 

Jlvn1f) b~eJeJ eJf)\ll f) gilt 

pool 

fllllJ'VI'U11~~'UrK'U'VI~'l 

l.~eJeJeJf)\lln giLt pool 

r = 0.16 

(P<O.OOl) 

NS 

r= -0.04 

(P=0.002) 

r= -0.20 

(P<O.OOl) 

r = 0.17 

(P<O.OOl) 

r = -0.15 

(P<O.OOl) 

r = -0.09 

(P<O.OOl) 

r = -0.14 

(P<O.OOl) 

r = -0.14 

(P<O.OOl) 

r = -0.11 

(P<O.OOl) 

r= 0.12 

(P<O.OOl) 

r= 0.17 

(P<O.OOl) 

r = -0.05 

(P<O.OOl) 

r = -0.18 

(P<O.OOl) 

r = -0.04 

(P<O.OOl) 

r =0.22 

(P<O.OOl) 

THI 

r = 0.15 

(P<O.OOl) 

r = -0.03 

(P=0.005) 

NS 

r= -0.14 

(P<O.OOl) 

r = 0.15 

(P<O.OOl) 

r = -0.05 

(P<O.OOl) 

r = -0.05 

(P<O.OOl) 

r = -0.05 

(P=0.003) 

r = -0.03 

(P=0.006) 

r = 0.07 

(P<O.OOl) 

r= 0.06 

(P<O.OOl) 

r= -0.07 

(P<O.OOl) 

NS 

r = -0.13 

(P<O.OOl) 

r = -0.06 

(P<O.OOl) 

r = 0.05 

(P=0.005) 

.d d.-v-v I 

e:llVVlfln'afl11 L 'allflll ~fl'We:lfln'a 
~ ~ , 

eJl tl~~n"j~TJ btJ'UrK~fl{'ll.b"jf)1~1.~'U~fl11~~lJcW'U6eJ~1'l~Utl,h~run'UeJl tl ~b~lJrKlJcr~.weJ
, , OJ , 

~f)"jfl~'lbb"jn er~~lf)l~bb\l~rub~'U1~ bbfl~fl11lJ'VI'U1~eJ-:j1~~'UrK'U'VI~'l b~eJ~f)"j~11b~1 bbfl~eJeJf)\ll ntJ'l 
, OJ , 'Ii 

(~l"jl'l~ 7) ~f)"j?l11~b~ltJ'll.~eJeJltl~ln bbfl~~lJ~?lvJeJ?lf)"jil ~eJltJ~btJ'UrK~fl~'ll.b"jnlJlnnll?1f)"j~ 
, 'Ii' " , 


IJ 01 d.,. IJ 


b~lw'lblJeJ~eJltJ'UeJtJ (r=0.45 P=0.005)
'Ii , 

.J cv II • 

eJl~'Vl~'Ub~l gilt pool 

b~ltJ-:j-btJ'U~V1
'Ii 

Jl'V1Un ~l bdeJ-r'Ub~lvh{lJ 
er~~l f)1"j I. \l~qJ b~'U1~ 

fl11lJ'VI'U11~~'U~'U'VI~'lI.~eJ l.~ltJ-:j
'Ii 

eJl~l.deJeJeJf)"illn gilt pooL 

6,665 

6,040 

6,276 

5,817 

3,179 

5,969 

0.445 

0.766 

-0.014 

-0.374 

-0.202 

0.380 

<0.001 

<0.001 

0.255 

<0.001 

<0.001 

<0.001 
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. " 
(;l1~1'1Vi 8 ~lJnl~flt')fle:Jmb'W)\l~~~e:J\lBruVl.niJ f)11lJ~'W~lJ~'VH5 vi'"UcWf)11lJ~m.J bb~~f)11lJtJl1bL~\l

~ '\J 

1'W~1\l 30 1'W nB'W~n~~11 b~l'v\h1lJ~e:Je:JltJ~~'Unl~btJ'W~t')f)~\lbb~n~e:J\l~n~~111'W'\.h~L'VI~1 'VltJ, , ~ 

e:Jf1IVI.niJ (OC) 
, 't 246.5 -0.66 0.14 <0.001 

f)11lJ~'W (%) 241.2 -0.20 0.04 <0.001 
v <:oj lJ 

t')"U'Wfll1lJ'H)'W 251.3 -0.30 0.08 <0.001 

fll1lJtJl1bb~\l (ilblJ\l) 264.0 -3.04 0.43 <0.001 

.., 
'<\l1f1nl~Pim~1'VIJ'U';h~f1~~11 14.5% (5,543 ~1) bb~~?ln~'Wl\l 13.8% (5,302 ~1) flnrYt')Vi\l 

, ~ 'II 

e:Je:Jf1'<\lln~\l (<j'll~ 8) b~tJ'VIJ'U11 93.2% ~e:J\l?ln<j~~~~\jflm~\j1'llEJ\lb<j\j~1~V11 6.8% V11tJ Lb~~ 
'II 'II • 'II 

0.02% flnvJlnl<jf1ltJ~lV1 ~1bVlV11'Wnl<jA~~\l?ln<j?l11 bb~~ Lb:W?ln<jVlB\lLL<jn Lb?l~\l1'WV11<jl\l~
'II' , , , 

fl1<jPifl~1dLb?l~\l1~b~'Ldl'uru'VI1'V11\l<j~'U'U~'U~'W1SbU'WtlruVl1V1~n1'Wfl1<j~~~\l?lf1<j?l11 Lb~~ bb:W?lf1<j
Q.I ., Q,J '\ '\ 

Y1B\lbL<jf1 tlruVl1'V11\l<j~'U'U~'U~'W51'W?lfl<jb~~bijtJ 1~bbn 1:WbtJ'W~~ 1:W~\lVlB\l VI'Wel\l1V1~ bb~~LLVI\l.., , , 
'We:J f1'<\l 1 f1df11~Pif1~1,itJ\l1~bb?l~\l1~L~'Wl1 ?lfl<j L~~LijtJe:J~1\l,j'BtJ 28.30/0 ?lllJl<jfl~~V1~f11~LWtJ\l 

~ 'II 

VI~\lf)~Bf1 VI~f)1lJ1~L~m~f)flf1~~~\l
'II 

(;l1~1'1~ 9 ?llLVlV1f11~rY~~\l?lf1<j?l11 (n=5,543) bL~~LL:W?ln<jVleJ\lLb~n (n=5,302) '<\lln 8 Wl1lJ?lf1<j, , ,~ 

1'W'll~~L'VI~1'V1tJ 
" 

?lfl<j?l11 (%) bb:W?I fl <jYle:J\l Lb <j n (%)?l1 bVlV1f11<jrY~Vi\l 
~, , 

1:WLtl'W~~ 25.6 14.3 

1:WYle:J\l 22.2 10.4 

VI'WB\l1V1~ 14.0 15.1 
lJ 

LL'VI\l 11.3 6.1 
c:.: 

~1b'<\l'U 9.1 17.3 

t'htJ 4.6 11.9 
.d 
eJ'W, 12.2 25.0 

9 
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16 
14.5 14.4 

14 

12 

&10 
S 
c::: 8(1) 
CJ 
"
(1) 

6D. 

4 

2 

0 
0 2 3 4 5 6 7 8-14 

Parity number at removal 

B'VI~'W(;l~e:Hlf'l11:UVi'U11~~'U~'UVi~~~e:l~'U1~f'lcHlnt'Ubb~~n';iVle:l~bb';in
q 

1tI~TtJ'dPlm~nB'VI5~~~f)\lf)11ll(WU11~lJtI~\J"v1rK\l~f)~tl1~f)"jBn1tlu.:W?fn"jVlB.:Jbb"jn.wtI'6~?fll, , 
bl.~tI~b"j61JXEJf)1nb~~1 ~1t11t1 201 ~1 "il1n'V'J11ll~b~v.:J1'U"j~tJtJbtJ~1t1~t!~.fl1f){1\~1t!BBn~B.:J 
'\.h~I.'Vlf'll1'Vl~ 1~~vl1n1"jl~f)11ll"v1'U11~lJt!~'U"v1rK.:J1~~1iB~{1\~1fl1j11~~ij~bB 1V1ll~ ~1'Ult! 3 f)~\l 
f)~\lbl."jn1'Ult!~?fll f)~\l~ 2 VlrK\le)llVlB\l 70 lt1 I.b~~f)~"~?f1ll ~lt1~,,~tJ~1~riBtlf)~B~ Al1llVltl1, 
1~l1''U~t!''v1rK.:J~1~1~'UI.I.:W?fn''j?f11bI.LJ''BBn~tJt! 3 n~ll 1~bl.n n~ll~iif)11llVltl11~lJtI~'U"v1~\l?f\l (17

, " 'IJ 

20 iJ~~l.ll{1\"j) n~1\l 04.0-16.5 iJ~~bll{1\"j) bb~~~1 (11.0-13.5 iJ~~l.ll~"j) ~~n1"jPlnQen~tJl11t!mJ 
?fn"j?f11~iifll1llVltl11~lJU~uVI~\l?f\l1ulu~?fllii~'U1~f)"jBn1Vlru~?f~ (13.1 ±0.5 ~1) rll'U?fn"j?f11~

, 'IJ .... , , 

iiAl1UVj'U11~lJU~'UVlrK,,'\.J1Un~1\l 1.1.~~~r,1t!lU~?fll ii~U1~f)"jBn1n~I.~~\lnu AB 12.0±0.4 I.b~~ 
12.0±0.6 ~1 {?l1ll~1~tJ ({1\1"j1\lVi 10) 

~1'l1~v110 ~~~B"fll1llVlU11~:Wu~UVlrK\l1't.rrt!~~?fll.wU5~B~U1~f)"jBnbb"jnfl~B~ B1~~fl~B~, , 
f)~\lbl."jn B~"j11.~1f)~€l~ I.I.~~ n1"j?f~?fllf)11ll"v1t111~lJtI~UVI~\l1U?fn"j?f11, 

II 

~1t11'U~n?fn"j~\lVllJ~/fl"j€ln,'IJ 

~1t!lU~n?fn~ii~1{1\/f)"jBn, 
lJlJii (%) 

'IJ 

(1\1ml."jnfl~€l~ (%) 
d ~ cv 

B1~'Vlfl~€l~fl~\lI.I."jn (1'U), 
B{1\"j11.~1fl~€l~ (%) 

n1"j?f~?flJ1~iJtI~'U"v1~\l (lllJ .) 

~ 13.5 llll . 
ab 

12.1±0.6 
a 

10.6±0.6 
a 

4.3±1.3 
a 

8.0±2.8 
a 

387A±3.0 
a 

82.0 
a 

6.3±0.5 

14.0-16.5 lllJ . 
a 

12.0±0.4 
a 

10.8±0.4 
a 

3.5±0.9 
a 

7.2±1.8 

388.0±2.0a 
a 

82.6 
b 

4.8±0.3 

~ 17.0 lJll. 
b 

13.1±0.4 
a 

10.8±0.4 
a 

3.9±1.0 
b

14.5±2.2 
a 

390.2±2.5 

86./ 
c 

3.3±OA 

a,b,c Different superscripts within row are significantly different (P<0.05) 

http:388.0�2.0a
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fl11~a1J~'U,h~vd1'1fl11~VI'U11eu~'Ua'UVI~'1n'U~~~'UeJe:)'fl1J'Uu;nJ~'Ut'Uan~a11
~ 

fll1lJVitI11~l1'U~\JVl~\lbu~tJ~B\I?lfl1?1T)1'Ufll1'V1~~B\I ~B 16.9±3.5 ij~~blJ~1 bb~~1~~U 
1 

e1t)'filJ'Ub~'\.J~'W1'Ub~B~ 0.9±0.8 ng/mL. ~111\1~ 11 bb?l~'11vi\~'U~\l1~~U~B'Ie1Bf(lJt!b~oJ~t!1'tJ 
fl1~ bb?l b~ B~~tl\l?lfl1?111~iJfll1lJVlt!11~l1'W~t!Vl~'1~ bb~fl~1\1nt!1t!l'Ue.J?llJ fl~\I bb1fl 1~ tJ~u':h?l fl1, , 
?ll1~iJfll1lJVl'Ul1~~'U~'UVl~\I 16.5-19.0 ij~~blJ~1 iJ1~~Ue1Bf(lJ'UL~'\.J~t!1'Ub~tl~?I\lfll1?1fl1?111~ 

'IJ 1 

iJfll1lJVl'Ul1~l1'U~'UVl~\I 10.0-13.0 ij~~blJ~1 (1.31±0.2 vs 0.51±0.3 ng/mL, P=0.034) bb~~ 

?lfl1?111~iJfll1lJVl'U11~l1t!~'UVl~\I 13.5-16.0 1J~~blJ{;}1 (0.70±0.2, P=0.028) 'UBf)"\l1f).n~'1~Ul1, 
?If)1?111~ilfll1lJVlt!11~l1t!~t!Vl~\I 13.5-16.0 1J{;i~blJ{;}1 bb{;i~ 10.0-13.0 1J~~blJ{;}1 hJiJfll1lJ 

1 

bb~f)~l\1n'U1t!b~tl'l~B\le1tlf(lJt!L~'\.J~'U1'Ub~tl~ (P=0.576) 

~1~1'i~ 11 1~~u~mf(lJ'Ub~'\.J~'U1t!L~B~ (least-squares means±SEM) 1t!~fl1?111 LbU'l~llJ 
fll1lJVit!11~l1'U~t!Vl~\I~e.J?llJfl~\lbb1f) 

a 
10.0-13.0 7 0.51±0.3 

13.5-16.0 24 0.70±0.l 
b 

16.5-19.0 14 1.31±0.2 
ab 

19.5-26.0 22 0.82±0.2 

a,b Different superscripts indicate statistical difference (P<0.05) 

Jt 1 UQ UIICIII CIII ff ff 

fl11~~n~eNL~f) 1'H:t'Vfl~a'U~'U1L'VIV1JLL"~'Wf)1~B1~LBa 
~ , 

b'\.Jtl{b6lj'U~?Ifl1~btJt!Ulfl~tlb~t11Tr?l~'loJ?lU~U1LV1tJlJ"\llfl'V1flYh{lJ 1~LLri 5.3% (70/1,332
, 1 1 

~1) btltl{b6ljt!~?lfl1~btJU'Ulf)~tlb~tll1~?I~'loJ?lU~UlbVitJlJ1~bbn 17.8% 5.9% 0.8% 0.0% bb{;i~
1 1 

2.2% 1t!vh{lJ A ~'1 E ~llJ~l~'U (P<O.OOl) fll1lJ6(1fl~tl'lb~tll1~?I~'loJ?lU~,j'lbVitJlJ1'Wvh{lJ A ?I\I 
1 1 'IJ 

flll'vh{lJ B (P<O.OOl) vh{lJ C (P=O.OOl) vh{lJ D (P<O.OOl) bb~~ yh{lJ E (P<O.OOl) vh~lJ B 

iJfll1lJ6(1fl~tl\lL~tl11~?I'W'loJ?lU~UlbVltJlJ?I\lfllTrh{lJ C (P=0.052) vh{lJ D (P<O.OOl) bb{;i~vh{lJ E 
1 1 'V 

(P=0.016) fll1:W6(1fl~tl\lb~B11~?I~'loJ?lt1~U1bVltJlJ1t!bblJ?lf)1 (11.9%) ~B?lfl1 (4.6%) bb{;i~?lfl1
1 1 1 1 1 

tl'tJU1{;i (3.2%) ?I\1fll11'U?lfl~?l11 (0.0%) bb~~?lfl~~t! (0.9%; P<O.OOl) Al1lJ6(1f)~tl\lb~tl11~?I~'loJ
, 'V 1 1 , 1 

?lU~Ul bVltJlJ1'U'V1flyh~lJiJfll1lJbb~f)~l\1~~Vil1\1U Al1lJ6(1fl~B\lb~tl11~?I~'loJ?lU~U1bVltJlJ 1~bbn 
, 1 1 1 

3.8% 3.4% 8.5% bb{;i~ 2.3% 1'Uu 2547 fi\l 2550 ~llJ~l~'U (P<O.OOl) Al1lJ6(1fl~B\lb~tll1~?I'W'loJ, 
?I,r~U1bVltJlJ1'Uu 2549 ?I\1fll11uu 2547 (P=0.008) u 2548 (P=0.005) bb~~U 2550 (P=0.009)

1 'IJ 

"\l1 fl~€llJ{;i fl11fll1~1~1"\l1~~'U bbtl'W~'U tl~ ~tll~fll1~?I~tl'lvh{lJ'W'Ul1'V1flvh{lJiJ f)11~~b~tl 
'IJ 1 

11~?I~tl1~tll~btl?llJ1flfl':h 4 tJ 1~tJiJb'\.JB~b~'U~?lfl~~btJ'U'Ulfl~tlb~tl11~?I~tll~tl1~btl?l 79.3% 
1 

(4,492/5 ,664 ~1) b'\.Jtl{b~'tJil?lfl1~LtJ'U'Ulfl~tlb~tl11~?I.wtll{tl1{btl?l~1\lnt!1~Vll1\ltJLb{;i~vh{lJ
1 

tl81\1iJt1tJ~1f1ru b'\.Jtl{L~'W~?lf)~~LtJ'U'Ulfl~tlL~tl11~?I~B1{tll~Ltl?l l~bLn 64.8% 74.8% 83.8% 
.... 1 

bb{;i~ 87.7% 1t!u 2547 2548 2549 Lb{;i~ 2550 {;}1:W~1~'U fll1lJ6(1fl~tl'lL~tll1~?I~tl1{Bl{Ltl?l
1 

L~lJ~t!tl~l\1il,rtJ?h~ru'V1fltJ~\lLL~tJ 2547 ~\I 2550 (P<O.OOl) L'\.Jtl{b~'U~?lfl1~btJ'tJUlf)~tlb~B
.... 1 1 

11~?I.wtl1{tl1{Ltl?ll~bLn 81.7% 67.9% 60.6% 80.9% bL{;i~79.3% 1'tJvh{lJ ABC D bb{;i~ E 

~llJ~l~'U yh{lJ A D bb{;i~ E lJb'\.Jtl{b~'U~?lfl~~btJ'UUlf)~tlb~B11~?I.wtll{tll~btl?l?l'lf)11'vh{lJ B 
, 'IJ 
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(P<O.OOl) ~b~~ C (P<O.OOl) fll11J~fl~B~b~B1l-r?1~en~en~bB?111.1ljfll11Jbb~fl~1~n'WB~1~lj, 
,rm;hr1ru'j~'Vd1.:)yh~1J A 0 bb~~ E (P>0.05) fll11J~fl~B~b~B1l-r?1~B1~B1~bB?11'W?1fl'j~'W (84.1 %)..., , , , 
?1fl'j?11l (82.6%) bbl.l?1fl'j (82.0%) bb61~~B?1fl'j (79.4%) ?1':)fll11'W?1fl'jB'W'U1~ (48.4%; P<O.OO1)

, , , 'IJ" 

A''1'" "'lIIq q ~ ~ !"i'1"'~Q 

fl11~OUn1.lv-3b"B b1'H:t 'r4~(;1'U1.I\J1b'VI1l~ WB1'jB1 C,ibB(;1 bb~~Wl'H1 b1~(;1 b'U(;1n~(;111'V1~Ub'VI'U " , 
b~el'U~'UB~~Bb~el1l-r?1'W~?1,r~U1bVill1J~'U1~ 4.0% \l1fl?1fl'j?11lvr~'V!1J~ (8/200) \l1fl?1fl'j, , , 

?11l~btJ'U'Ulfl~m~B1l-r?1cW~?1,r~U1~VitJ1J 2 1'U 8 btJ'U'Ulfl~~~~~nB'Uf1~n l'U~ru~~bVl~BbtJ'U'Ulfl , , 
VI~':)fl~fl (~l~~,nifB\I) ?1f)'j?11l~bU'U'Ulfl~Bb~B1l-r?1~~?111~U1bVitJ1J~'U, 1~~u~1~, el~1\11'jn~11J , 
Yh~1J A byhJ'U 

t~mu~tJ?1fl'j?11lnfl~?1lJ~'U5fl~\lb~'jmnBB1tJ 242.7±2.S l'U (~~tJ 212-348 l'U) er~'j1
, 'IJ' , 

fl1'jb~'Ut~~u~tJ~Bl'U~\lb~~~~'jfl~n~n':)~?11J~'U5fl~\lb~'jflLyhn'U 588.6±5. 9 f)-r1J~Bl'U (cW~tJ 485.6, 
434.4 fl-r1J~ell'U) t~tJ'jllJ 87.5% (175/200) ~B'l?1fl'j?11llj~LB'U~'UB~~B~~el1l-r?1~B1~en~~B?1, 
A1~~~l'U SIP ~B'l?1f)'j?11l~btJ'U'Ulfl~Bb~el1l-r?1~B1~B1~bB?1~~'lher'U~'lbb~ 0.428 n'l 3.673, 
btJB~b~'U~~B'l?1f)'j?11l~btJ'U'Ulfl~Bb~B1l-r?l~B1~B1~bB?1nel'Ubb~~VI~-lfl~fl 84.0% bb~~ 92.0%, , 
~11J~1~'U (P=0.218) btJel~~~'U~?1f)'j?l1l~btJ'U'Ulf)~Bb~B1l-r?1~el1~B1~bB?1 1~bbn 85% 95%, 
100% 55% ~b~~ 100% 1'Uyh~:w ABC 0 bb~~ E (?l11J~1~'U ?1fl'j?11l~~,rvfB-lljA1~~~l'W SIP, 
bl.tJ'jer'U~-lbL~ 0.03 n-l 3.7 LL~~ 87% LtJ'W'Ulfl~eJL~B1l-r?1~B1~B1~LeJ?1 

?1 fl'j?l1l'Vl~ ~b'V1'UL~~~?1 f)'j?11le1lJVfB~vr~Vl1J~~'Ul1L tJ'U'Ul f) ~B b ~eJ~1~l1l-r?1~'j~~'ULLB'U~, " 
'UB~ ~ 1: 128 \l1f)?lf)'j~1'Ul'Ud 99 .0% ~LbB'W~'UB~eJtJ1'U'j~~'U?1~ (> 1:512) ~~~~ 97.0% ljLLB'U~

, 'IJ 'IJ 

'UB~eJtJ1'U'j~~'U?I'llJ1fl (~1:4,096)
'IJ 'IJ 

~1"a1-3~ 12 btJB~L~'U~?1fl'j~~tJ'U'Ulf)~eJL~B1l-r?l'W~G1tT~U1bVitJlJ bb~~b~B1l-r?1~eJ1~eJ1~beJ?11'Uf)~1J" , 
?lfl'j~~1'ln'W1'UYh~lJ?lfl'jeJ(?l?l1V1fl'j'jlJ1'U'lh~L 'VlPl1'VltJ'j~Vll1~tJ 2547-2550 

q , q 

fl~lJ?lf)'j, , 
btJeJ~bfllf'U~?1f)'j~ b tJ'U'Ul f)

1 

b~B1l-r?1~~?1tT~U1LVitJ1J, b~B1l-r?l~B1~eJ1~LeJG1 
?If)'jB'U'U1~, , 3.2 (5/158)ab 48.4 (2351486)a 

?1fl'j~'U, , 0.9 (3/341)b 84.1 (254/302)b 

?1f)'j?l1l, o (0/178)b 82.6 (2,616/3,168)b 

bbl.l?1 f)'j, 11.9 (52/436)( 82.0 (955/1<164)b 

vJB?1fl'j,.., 4.6 (10/219/ 79.4 (432/544)b 

Y('lVl1J~ 5.3 (7011,332) 79.3 (4,492/5,664) 

A1~bb?1~~1'Ul'l b~'U btJ'U~1'Ul'U?1,f)'j~ LtJ'U'Ulfl/~1'Ul'U?1,fl'j~(?l'jl\l 

a,b,( ~Te)/fl~'j~~1~n'U1'U bb~~~f1 B~1Jnbb?1~~n-l~fl111J bbVlfl~1~ n'UeJ ~1~~11m'hrrt1J (P<0.05) 
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461.3±7.0 n~lJ~Bltl (~--l~b~ 197.0-689.0 n1'lJ~e)'rtl) Blm~B1~~'Unl"j~~lJf)~--lb~';in 26S.S±3.6, 
ltl (~--l~b~ 204-3471tl) ~ltl1tl1~~~n lS.6±0.4 b'U~B~l (~--l~b~ 2-2Sb'U) (~l"jl--l~ 13) 

~1-a1.:J~ 13 e:nmnBf,lnA~~'l (ltl) J1V1,rn~lb~BA~~\l (fll~n~lJ) e)~"jlnl"jb~'Ul~bu~~~BltJ~ln 
, '\J 

LL"jmn~{)--lf,lnA~~--l (ADG; 	 n1'lJ~BltJ) Blm~B~?flJf)~--lbb"jn (ltl) bb~~~ltlltl1~~{?ln1tJ~n"j?fl1~llJ
'\J II' 	 , 

cv "" 
~lLVI{?lnl"jflnf)~'V1--l, ~ 

... 	 ... el1~Lijel~?l:U
?l1L'VIVlfl1~~~Vl-l ~1'Ud'U el1~ 'l11'V1'l1fl~d ADG ~1'Ud'U!P1fl1~II 

f)~-lLL~fl 
ab b a a a 

LLYI-l 16 	 312.3± 7.6 153.2±5.l 489.5±20.9 260.2±8.0 16.2±0.9 

(252-367) 066-193) (375-673) (204-302) (10-21) 
b b a

hjLU'U~~ 85 	 308.9±4.9 139.4±2.5 455.8±10.8 - 16.1±0.l 

(211-504) (95-198) 097-689) (5-25) 
... a a a

e.J?l:U~1 26 	 341.6±11.6 160.0±4.0a 470.9±17.5 264.5±6.5 15.2±1.0a 

(274-479) (117-205) (283-661) (224-347) (2-22) 
b b a a

'VI'Uel-l1'V1~ 39 	 303.5±6.0 138.6±3.2 455.5± 11.3 269.9±4.8 15.0±0.l 

(240-405) (92-173) (342-625) (227-323) (4-20) 
" 

~-l'VI:UVl 166 313.1±3.6 143.7±1.8 461.3±7.0 265.5±3.6 15.6±0.4 

(211-504) (92-205) (197-689) (204-347) (2-25) 

~lbtJl--lb~'U~B~l--l"lJB\l~BlJ~ 
'\J 

a,b ~le)n~"j~~l\lntlttJbb~~~f)B~lJ.nVllJl~{)--lLb{?ln~l'lntlB~l--lij,rm~lA~ (P<O.OS) 

~ltllUbb~~bLJB{b6lftll?1"lJB\l~n"j?l11~btJtltnn~Bb~B111'?lcWB1{Bl{LB?I b~B11~~~~?f,r"lJ,j'1, , 
LVimJ Lb~~b~B'V'nfb11~?lLb?l~\l111tl~l"jl\l~ 14 ~l~~?htl SIP "lJB--l~n"j?l11~btJtl'lJ1nt?lBb~B111'~cW 
Bl{Bl{bB?lLL'l.h~tl~\lLb~ 0.41 {)--l 2.43 ~ltllU?ln"j?l11~LtJU'Uln~~b~eJ111'?lcWB1{Bl{bB?I"lJB\l?ln"j 

~11~f,lnA~~\lb~eJ--l~lnVltleJ--l1V1~ ~lnll?1n"j?ll~~f:lnf1~~--l~lnnl"jl~btJtJ~~ (P<O.OS) Blliinl~ru
'\J , '\J 	 , 

"lJeJ\l b~B11~?I~~?I,r"lJ,j'1 ~Vi ~lJ1tl?ln"j?l11~f,lnA~~\l b~eJ\l~l mbVl\lI.I.~~~?llJil?1\lnll?1n"j?l11~f,lnA~
, , '\J 	 '\J , '\J 

~--l~lnnl"jl~vutl~~bL~~VlUB\llV1~ (P<O.OS; ~l"jl\l~ S) "j~~'UI.LeJu~'UB~vleJl.~eJ'V'n{bl1~?lbtJ 
"j~~'U~\l~'Ubtl?ln"j?l11~flnA~~\lL~B\l~lnij~\lA~VI~\l~ln~eJ--l~~B~~~LJn~lJlnnlln~lJ~U

'IJ , 'IJ 	 , 

(P<O.OS; (?ll"jl\l~ 14) "j~~'Ul.beJtl~'UeJ~~Bb~B'Vn{b111'?lbI.LJ"j~tl~\lbb~ 1:32 {)\l 1:32,768 ?In''j, 
~11 86.0% ih~~'ULl.eJtl~'UB~~eJL~eJYnfb111'?I >1:S12 l.mn~lnJ'U 72% "lJeJ\l?ln"j?fl1ij"j~~'U, 
bLBtl~'UeJ~~eJb:ffeJ'V'nfhl1~~ ~ 1:4,096 ~ln?ln"j~11~f:lnA~~\l~\l'VIlJ~ 75.5% ijnl"j~lJ~?fn'U~~B

, '\J 

111'?lBth\l,j'B~ 2 ~ij~ 18.9% ijnl"j~lJ~?ln'Ub~eJl1~?f~\l 3 ~ij~ bb~~ 45.9% ijnl"j~l-I~?fn'Ub~B 
111'?lcWB1{Bl{beJ?fbb~~b:ffeJ~lfbl1~?f (~l"jl\l~ 15) 

http:470.9�17.5264.5�6.515.2�1.0a
http:341.6�11.6160.0�4.0a
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(;l1'l1~~ 14 ~l'UTUbb(;l~btJf)~b6(f'U~~f)-:JG1tl~G111~f:ltl~~~-:J bb"~btJ'U'Ultl~fJb~f)l:l'r~vhl1~f)l~bf)G1 b~f) 
q " 

11~G1bf)~ bb"~b~f)'V'Jl'fh11~G1 
v 

G11b'l-Wltll~~~Yi-:J ~l'Ul'U, 
c 

bbVl-:J 16 13 (81 %t 8 (50%)bC 12 (75%)b 

hjbtJ'U~~ 85 65 (76%t 10 (12%)d 70 (85%)bc 

~G1lJ~l 26 21 (81 %)bc 16 (62%)c 21 (81 %)b 

VI'Uf)-:J1V!" 39 23 (59%)c 13 (33%)c 34 (97%)c 

~-:Jv!lJ~ 166 122(73%) 47 (28%) 137 (86%)e 
a 0 .,JQ v ... 11 
~1'Ul'UG1tl~G11TVllJ~~~'Ubbf)'U~'Uf)~ >1 :512 , 

b,c,d ~lern'\:'J~~~l-:Jn'U1'Ubb~"~r1f)~lJrlv!lJltJ~-:J bb~tl~l'ln'Uf)~l~ihrtJ(:h~qJ (P<0.05) 

e A1V!ltJ1LJ 7 Al 

(;l1'l1~~ 15 ~l'Ul'LIbb"~bLJf)~b6(f'U~~f)~?In~G111~f:ln~~~~~btJ'U'Uln~f)b~f)11~G1~f)1~f)1~bf)~ b~f)
q 'U 

11~?lbf)~~1'L1 gl bb(;l~b~f)'Wl'fh11~?1 (n= 159) 

"'U ,,'U (;l'U 5 3.1 

"'U 'lJ1tl "'U 11 6.9 

"'U 'Ulfl 'Ulfl 6 3.8 

'Ulfl ,,'U (;l'U 23 14.5 

'Ultl "'U 'Ulfl 11 6.9 

'Ultl 'Ulfl "'U 73 45.9 

'lJ1fl 'Ulfl 'Ulfl 30 18.9 
a 1 v 

?Itl'j?l11YiiJbbeJ'U~'Uf)~~~~'UG1-:J >1 :512 , 'U 
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n1'H)ihJ~1tl~~ 

(Discussion) 

LJ"j~~VJ5.fll'WVll-:1"j~'U'U~'U~'W5~€l-:l~ fl"j~11ll~~ fllJ~~ fll"j~ fl"j?l11lu'WU'i\J~tH:hAru1'WfllJ 
, , , 'II 

e-J~fl~'WflJl~?lllJl"jfl~€l-:lJ~'U'U~'U~'W5bb~~~l-:1~i ~~€l-:l?l flJ~'i\J~€l En'W~-:I €llt1~ bU'W~~fl~-:llbJflfll~ 
, , 'U 'U , 

e-J?llJ~'W5 ~~€l fll"j~-:lYl€l-:l1 'W?I flJ?ll1lU'We-J~~ b~tll b~€l-:l tl'Ufll1lJ?lllJ1Jfl~€l-:lJ~'U'U~'U~'W5 fll1lJ€ll EJ" , , 
~'Wlb~~?lll~~~€l-:lfllJA~~-:I (Le Cozler et al., 1998; Koketsu et al., 1999; Tummarak et al.,, 

o I ~ ~ ~ .d.., .f d ~ .., ~ ~I 

2007; Patterson et al., 2010) bu€l"jb~'W~~€l-:l?lflJ?ll1Vlflflfl~Vl-:lb'W€l-:l'i\Jlfl"j~'U'U?I'U'W'W'6 blJ?llJ'U"jru
, 'U , 'U 

b~lJ~'W'i\Jlfl 18.0% lU'W 24.5% , 200 l'WlU'W 300b~€)€)lEJ~~-:lYl€)-:lfl~-:lbb"jflb~lJ~'W'i\Jlfl lew 

(Schukken et al., 1994) €)1t1?1fl"j?l11~1~-r'UfllJe-J?llJ~'W5~lil1:Jb'wtl-:l\'b~'i\J~l~lJl'WY11:Jije-J~e-J~~" , 
(Non productive days, NPD) ~-:lbb~b~1~-:I'i\J'W()-:I~-:lY\€)-:lbb~1~-:lijBVl5'W~~€)?I~"j"jtl.fll'W~€l-:lJ~'U'U 
~'U~'Wtfl'W?lfll'W~?lflJtJl-:1Bfl~lt1 (Lucia et al., 2000; Tummaruk et al., 2001, 2007) ?lfl"j?l11, , , 
~bil~1t1L'i\J~ru~tJ5L~lijltJ~1:Jije-J~e-J~~~-:lLL~\'~1~-:I'i\JtJt1-:1~-:lYlB~~tJfll1?1flJ?ll1Y1bil?11t1l'i\J~ru~tJ5

'U OJ, 'U , 'U OJ, 

il (Patterson et al., 2010) Blt1~€l-:l?lfl"j?l11~1~-r'UfllJe-J?I~~tJ5fl~-:lbLJflil(>260 ltJ) 'i\J~ij~l\1 
I ltI I I'" ", I 

~1~Y1~tJfll1~fl"j?l11Y1e-J?llJ~tJ~b~€lBl~tJBtI (Young et al., 2008) ~flJ?llTVlb~11m'i\J~t1J~tJ~L~€l 

€llt1tJ€ltl?lllJl"jfl1~~fl?lfl"j"\l1'Ul'WlJlflfll1?1fl"j?l11~ bil1t1 b'i\J~ru~tJ5L~BBlt1lJln1tJ~l\1 3 YlB~ bbJfl 
, 'U , , ..." 

(Young et al., 2008) ~fl"j?l11~ltJ1~qjb\'~~~nJtJl-:1"j~tI~bbJn~nEJlt1€lBn'i\Jlfl~\I\'~€l\l'i\Jlflfll1lJ 
'Un'W~B.:J~€l.:J"j~'U'LJ~'LJ~tJ~ (Lucia et al., 2000: Engblom et al., 2007) 1'ULJ"j~bVl~lVltl44% ~B.:J 

?lnJ?l11Vl~\'\'VltJ~fln~~~-:lflnEJlt1€lBn'i\Jlfl~.:Jb~€l.:J'i\Jlfll~Lb?l~.:J€llnl"jbUtJ~~ u)~~ 52% ~€l-:l?lnJ 
, 'U 'U 'U , 

b~~1.nbtJ'W?ln"jnB'l.Jb~lltlb'i\J~ru~'W5 (Tummaruk et al., 2009a) 'i\Jlfle-J~b~~1.nb\'?I~.:J1~b~'Wl1fll"j
, OJ , 

~~ fll"j"j~'LJ'U~'lJ~'W5~B.:J?I n"j?l11Vl~ bb'VltJfllJ'i\J~ b~lJl1tJVi~?! fl"jbil ~'l b~B.:J'i\JlnBtl.fll EJ1~?I.fll'W 
, , , 'U 'U 

€)lnl~bL'U'LJ~B'W~'W'vr.:JBru.flij lL~~fll1lJ~tJ fll"j'i\J~'I.'J'WViflllltJJlt1~ltJ.fll1~ b'i\J~ru~tJ€t'W?lnJ?l11 
, 'U '" , , 

nl~tJ~1~tI b1~1~ btJ'W~~ Ll~~ ~n1~fl~'l bbJfl'W~Buvr~ijl.:JJB'Unl"jbtJ'W~~LJfl~Btll.:J~B b~B~ (Evans 

and O'Doherty, 2001) bl~Btll.:J1Jn~llJ 1'W.fllflLJ~'I.'J~€ll~~~fl"jbl?l~~nl"jLtJ'W~~'i\J~~n1ilUtJ~1 
"j~'Ul1?1nJ\'~161.fll1~b'i\J~ru~'W5 1tJLJ"j~ \,Vl~lVltl?lflJ?ll1 LL?I~.:J€llnl"jLUtJ~~fl~\lL\'In L~B€llt1LJ"j~lJlru

" 'U ...." , 

200 l'U~~ijfll1lJ\'\'LJ"jLJ"jltJJ~vdl\l~\llJln~~lL~ 188 1'Wt1\l 250 ltJ (Tummaruk et al., 2009b)
'U 

L~mUtJ~~fl~\lbbJn?lnJ?l11'i\J~ijJl~un~lll~~fll1lJ~tJl~€l\l1~JJtJ~~~€ltl~ 106 n1~n-rlJ ll~~ 13.0 
, 'U 

ij~~llJ~J~llJ~l~'U (Tummaruk et al., 2007) U'i\J-.5'tI~iJe-J~~Bnl"jb~161.fll1~l'i\J~ru~tJ5ll~~nlJ
'U OJ, 

bb?l~\lnlJbutJ~~1tJ~n"j?l11LJJ~nB'LJ~lm'VIflcQflbl~~fll1lJm't.!nl"j~Jl'i\Jnl"jbutJ~~ ~~fll~ fllJ 

~~nl"j ~\lbn~~BlJ fll"jl~~lJiJ~'i\JlnvJB?ln"j ?llJ€llV11J bL~~?I~.fll'W (Karlbom, 1982; 
, '" 

Christenson, 1986; Tummaruk et al., 2004; Young et al., 2008) 'U€lfl'i\JlnutJEJ\lijfllJ\'\'~~\l 

1~b~'Ul1~nJ?ll1~iJeJ~Jlnl"jb'i\J~qjb~'LJ1~~'l b~1~.fllJ~b'i\J~t1J~tJqnBtJ~fl"j~iJeJ~Jlnl"jb'i\J~'Yb~'LJ1~ 
~1 (Young et al., 2008; Tummaruk et al., 2009b) l~Bl~tJltJdiJfllJYfUl1fll1lJLsrrlJsrr'U~€l\l 
insulin-like growth factor I (IGF-I) ~B\l~fl"j€ll~ 100 ltJ iJA1~\l1'W~fl"j?l11~lsrrl~.fll1~\''i\J~'Y~tJq 
b~lb~€lbLJ~tI'UlVitl'LJtl'U?ln"j?l11~b~1~.fll1~l'i\J~rucW'W5LJ1'Wfl~1\llb~~il (Patterson et al., 2010) iJ 

, 'U "', 

nlJl?l'W€l bLtJ~11 IGF-I ~L~lJ~'W€ll'i\J~1t11~-r\l1~~B.:J?ln"j?l1111~€)fllJn"j~~'W'i\JlnvJ€l?ln"j~~tJ, " 
(Kingsbury and Rawlings, 1993) nl"j~'W'W'Ud~11iJfll1lJ~lJ~tJ5~~~11\1fll"jb'i\J~t1J\,~'U1~SUB\l~fl 
"jl1tl'UnlJ b ~161.fll1~l'i\J~ru~'W5 1'Wb~~?I.fll'Wf)l fll~~€l'U~'W~\lB ruVl.flij bl~~fll1lJ~tJiJBVl5'Wr;:t~€l

'U "', , 'IJ 
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?llJ'j·H).fll'rf~~'U'U~'U~'W5~eJ~?lncH~?1bijEJ1~mQ'Vn~?lfl'j?lTd, , , (Tummaruk et al., 2004; 2010) 

~l'Wl~EJ"v1~l EJ~l'W1oXA11lJ~lAru n'U~l'Wl'W~ fl?lfl'j bb~~eJ~'jlfll'j~~Yi'eJ~1'W~ru~~fll'jl~tJb~EJln'Unl'j
... 'II , 

bil61.fll1~ b~~ru~'W5~eJ~?lfl'j?l11 b~'W tllEJ~btJ'W~~1oXb~'WAf~ bb 'jn bb~~~l~n~l~~ bb~b~leJ~~'Wfi~ 
'II ...", 'II 

fll'j btJ'W~~ ~~ij tltil~~l n~ ~ fll'jeJ5tJl EJl1~1~ I,1~1~~ 1,1,(1)t.J?llJ~'W5n~ ~~Yi'eJ~ bb~~~~ bb(1)tJ?llJ~'W5n~A~, , 
~~1'W?lfl'j'jllJn'WbtJ'W 17% ~JeJ~1'W?lrub~EJ1'WeJ~?lfl'j (Koketsu, 2005) 'Wtlfl';ijlnt1'W';ijlfll~wieJ'W'W

, 'II ... 'II' 

"v1,j'ld"v'J'Ul11'tJ·~~bJije.J~tJ~~1'W?lfl'j?l11mlJ1~-rtJfll'je.J?llJ~'W6 (303 1'W) bb~~?lfl'j?l11v11~-r'Ufll'j, , , 
e.J?llJ~'W5 (98 1'W) t1'Wijr11?1~fll1?1fl'j'Wl~~1~-r'Ufll'je.J?llJ~'W5 (89 1'W) bb~~?lfl'j'Wl-lmlJ1~-rtJfll'j 

, 'II' " 

e.J?llJ~'W5 (14 1'W) (Sasaki and Koketsu, 2010) eJ~?lfl'j~~?llJ'j'jf;).fll~nl'jtJ?llJ~'W6?l~ijl'WmlJij
, 'II , ''1/ 

e.J~t.J~~~'Wfll11'W?lfl'j?l11~1~Lb~~hJ1~-r'Unl'jtJ?llJ~'W5Ldtl LYiEJtJn'UeJ~'LJfl~ (Sasaki and Koketsu,
, , 'II 

2010) fll'j~~fll'j?ln'j?l11V1~ bb VI'W1'Wb~~?I.fll~tllfll?1~eJ'W~'Wt1'W ijAl1lJ~lAru b~eJ1~1'W~1lJij, ... 
e.J~e.J~~t1'W1~t.J~~~ ?I.fll"v'Jtllfll?1~ijeJru"v1.fliJ?I~~~61~tJ~1oX?lfl'j~nl~~ L~~rub~'U1~n'Wtll"v11'~1~ 

, 'II 'II , ... 

ueJEJ~-lbb~~vhloX?llJ'jd'f;).fll'W~tl~nl'jLI\J~~b~'U1~L~EJ"v11EJ~lEJ (Rinaldo et al., 2000) 1'W'lh~LVI?1 

1VltJ ?In'j?l11V1~ bb 'V1'W~1'W1"v1rueJEJL'W1'j~ L~f)'W~ btJ'W'j~'UtJ btJ~'j~Vll1~~1~~~fll'jb';ij~ru b~'U1~ tlruVl.fliJ 
, ... 'II ... , '1/ 

.fllEJ'WeJfl~~~~bQ~EJ1'WLL~~~1'Wbb~~Al1lJ~'W~tl~'LJd'~LVI?11VI EJijAl1lJ bb'LJ'j'LJd'TU1'Wbb~~~~~fll~~-l bb~ 
29.9-33.3°C bb~~ 64.2-81.7% ~llJ~l~'U (Tummaruk et al., 2010) vllbb'LJ'jVll~?t.fll~tllfllPld 
tl tibVI.weJ~tl~ln~Vll~?I~'j~~eJ~?tfl'jbb~~tll';ij btJ'W?ll bVI~~eJ~Al1lJ bA~EJ~~l fltllfll?1~tl'W1'W?t fl'j?tl1t11~

'1/ " , 

vll tJ~1~EJf)f~dl,b?l~~1~b~'Wl1 f)~fll~ eJruVl.fliJ f)11lJ~'U ~~UeJruVl.fliJA11lJ~'U I,b~~~l~bb?t~ije.J~VI '1/ , '1/ , 'II 

~eJtllEJ~btJ'W~~Af~bbd'fl 1'U?tfl'j~'U6e.J?tlJbb~'Wt#lb'j~bb~~EJtl1Ab~EJfl'U'LJ'j~bVI?11'VlEJ , " 
';ijl fl~f)lJ~?tfl'j?tl11'Ufll'j~fl~lAf-l-d~'Ul1 tllEJ~ btJ'U~~Af~ bb 'jfl~eJ~?lfld'W'U6bb~'Wt#lb'j6tl x 

'II , " 

~JeJ1f)b~EJ11'U'LJ'j~bVl?11vmijtllEJ'j~Vll1-l 138 fi~ 317 1'Wbb~~ijr11bQ~EJ'j~vr:h~eJ~~~bb~ 185.0 fi~ 
, 'II 

234.6 l'U~-litllJ~df)EJL'Wbnrusvl'LJfl~bb~~bVlijtl'Untlfll'j~n~lntl'UViUld (Karlbom, 1982; Le 
\J 'II 

Cozler et al., 1999; Evans and O'Doherty, 2001; Tummaruk et al., 2007, 2009b) tltil~1d' 

n~llJ tllEJ~eJ-l?l fld'?ll1~LtJ'W~~Af~ Lb'jfl611'W1Vlru1'W'LJd'~ bVl?11VlEJijr11?1~nl1 LdeJ LYiEJ'Un'U?t fl'j?tlEJ~'W5
, , ... 'U " 

L~EJln'W1'W'LJ'j~bVl?1Lbf;)'UVli'lJEJ,1'j'LJ (163-198 1'W) (Karlbom, 1982) bb~~'LJd'~bVl?1bbA'W'Wl~l (147~ 

175 1'W) (Patterson et al., 2010) tltil~1'jn~eJ1EJ~LtJ'W~~Af~bbd'flbb~~~~~1'U~eJ~?lnd'?tl1~bb?l~~, , 
fll'jbtJ'W~~Af,:j bb 'jfl1'W~l~~eJEJL'WeJ,:j?lfl'j?tll.fllEJ1~?I.fll~tllfll?11'Wbbt)t1~eJ'W~'Wt1'W~l'W1Vlrul\J~~'WeJti 

'II 'II , ... \J 

ntl bb(1)~~eJ,:j?t nd' 1~ EJ~?ll bVI~t1'Wtll';ijlJ11\J1 fli1';ij~tJVI~ltJeJ ~l-l~llJn'W b~'W ~'U'Ofl'j'jlJ~tl~?lfld'?ll1
'II " , , 

tllV11d' bb~~ flld'1oXtllV11d' 1d'~b~tl'W tlltJ~~lJ~?ln'UyJeJ?lfld'Af~bbd'fl bb~~ flld'~~nld'~lhJ 1~tJflld', , 
~'W bb 'LJd'~?I,:j~eJ-leJl tJ~ btJ'U~~f)f-l bbd'fl LtJ'Wvl':rtJ~~n~Al1lJLtJ'W1'LJ1~~1V1-r'U flld'~~'W1Aru?llJU~~eJ~

'U , , 

fl~lJ'LJd'~~lnd'?lfld'?ll1~1'UVll~nld'A~b~eJflVll-l~'W'Ofl'j'jlJVI~eJflld'~~nld'eJ~ VI~eJ~~ 2 'Vll~m~ 1'W 
" , \J 

'LJd'~ bV1?11VlEJA11lJ?lllJld't) 1 'W flld'~l EJ'Vltl~'Vll,:j~'W'Ofl'jd'lJ~eJ\leJltJ~~-lYi'eJ~Af\l bb'j fl1'W?lfld'~'W5bb~'Wt#I 
" " 

bd'~bVhntl 0.21 (Imboonta et al., 2007) bb~~tllEJ~dJ'W1K~f1f~bbd'fl1'W?lfld'~'W5e.J?llJbb~'W~bd'6i!bb~~ , " 
If ..... If I ..., d d I "" 

tJtld'f)L~tJd'LVllfltl 0.39 (Khatiworavage and Tummaruk, 2011) ~lflflld'?1fl~l'Vle.Jl'W:WllJ 

~eJLL'U~oJl1~'LJDu~~1'Wflld'~~flld'VlG11 mLt1t1~\I?lllJld't)G1 ~tll~ b~~~~'W~~tl\l~fld'?ll11~ b~'W flld' 

'lJ-r'U b'LJ~tJ'Wd'~'Utl1'j\lL~tl'Wb~tl1~ij~~UtlruVl.fliJA11lJ~'W~ bVllJl~?llJ nld'~~'LJ~lJlrubbn?lbbtllJ1lJbUtJ 
, \J 

L~€)1~ijf)ru.fll"v'Jtllfll?1~~~'W flld''LJ-r'U~1\1 nG11~ihL?I\I?ll1-l bbG1~flld'1i1~1KlJ~?ln'UyJtl?lfld'1~tJ~d'~, , 
(Christenson, 1986; van Wettere et al., 2006) 'WeJfl'c\llflt1'WLL~lflld'~~flld'flld'1~eJ1V11d'1'W?lfld', 
?ll1Vl~bbVl'Wt1'WnbtJ'W~\l611Arub~'Wn'W flld'~ln~tllV11d'1'Wd'~Vl11\1~1\1 74 n\l 180 1'W 1'W?lfld'?ll1t1'W... , 
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dJ'Ut.m1~J1V1,rn(1)';m~~-:! 10 fn~n~lJ fllllJVI'U16ijtl-:!hJlJ'UG1'U'·vHr.:m~~-:! 3 ij~~blJ~'j bb~:m1'jb~1~
'IJ 

fll1~b~~ty~'Uqil~-:! 5 l'U (Le Cozler et al., 1999) 

1'UVll ~ tJ nu~ (;1 n 'j(;1l1 ~ bif1~~~~~ tll CJ~ bb ~ n ~1~n'U ~-:!J'U tll CJ~(;1n 'j(;1111~b~lJG1!J ~(;1 ntleW tl 
':J, 'IJ' J/.I J/.I" v 


.:: I ",!1.1 d '" '" '" I '" '" Col"", "'" '"
I 

(;1n'jn~~U~n~l~n'U~lCJ tllCJ~tl~(;1n'j(;111Vl~lJ~~ntl~tl~n'jfl'j~U'jn'U'UlJtlVl5~~~tlVl~fllllJ~llJl'j~, , , , 
d ;:1 '" d ~I '" ~ ~tl~~n'j(;111Vl bb(;1~~tllnl'jb u'W(;1~bb~~tllCJVlbb?l~~nl'jbu'U?I~fl'j~bb 'jn (Karlbom, 1982; van, , 

Wettere et al., 2006; Filha et al., 2009) Van Wettere bb~~flru~ (2006) ~tl11~n';i~11~, 
G1!J~~n'UyJtl(;1n';i~tl1CJ 203 l'U~~m'l~~nl'jbU'UG1~~tllCJ 210 l'U 1'U~ru~~(;1n'j?l11~G1lJ~?ln'U~tl, , " 

d '" ;:1 '" d '" ~ ~;;: I d !I.I I0

?In';iVltllCJ 161 l'U~~bb?l~~n1';iLu'U?I~VltllCJ 179.5 l'U ~lnnl'j~m~lfl'j~'U~'Ul1 ~n'j?l11VlL~1v-J~
, , , , 'IJ 

LdtltllCJlJl n~~~tll CJ~LU'UG1~ LL 'jnlJl n n1l?1 n'j~Lifl~~LdtltllCJUtlCJ ~~(?l';i.:j n'Un1'j~m~lntl'U'v~Uld~ 
" , 'IJ , 

I d J/.I 0 I d .::II ;:1 '" ~ !I.I I ...j !I.I 0 I .d 
~'Ul1?1n'j?l11VlL~1w~l.lJtltlltJ 6 b~tl'U~~LI.~~~nl'jl.u'U~~fl'j~bb'jn~lnll~n'j~11Vlb~1v-J~LlJtltllCJ 5 

, 'IJ , , 'IJ , 

l.~tl'UbU'U'j~CJ~I.1~l 2 G1tJ~l~ (Tumaruk et al., 2009b) 'Utln~lnJ'UEJ~'V'J'U1ltlltJ6ijtl~?ln'j(;1l1~, , 
Lifl~.:jil~flll!JG1lJ~'U5n'U~lLu~CJ6ijtl~~~i1tlruViflijfllllJ~'U'j~Vl1l.:j~1.:j 30 l'UnB'U~~n'j(;1l1~~

'IJ , 'IJ , 

bif1~.:j n~11f1tl tll~n'j~11""!J~(;1n'U~~i1tlruVl.nijfll1lJ~'U~~\lntl'Ul.ifl~\l ~~~bb'Ul1UlJll~tllCJ~bifl 
'IJ , , 'II 'IJ 'IJ , 

~'1lJl'IJ n Lb~ ~~tll CJ~G1lJ~~, n'UyJ B~n'jlJl n~lCJ ~~J'U(;1n'j, bVI~ld~~~tllCJ~ btJ'UG1~ fl~'1 bl. 'jnlJln, , n~11 
1~ tJ?I'jtJ tll CJ6ijtl~?I n'j(;1l1 Ldtl bifl ~~ LL~~tll CJ~ b~lJ""l-I~?I n'UyJtl?ln'jfl~~ bb';inLtJ'U~~~fll'jcW~1'jru1 

, " 'IJ' , 

tlVl~'j~l1~'j~l.:j 

1'Unl'j~m~nd~'Ull ?I n'j?l11~ Lifl~fll1~ I. ~~ru~'U5t'Uf)~VI'Ul1~~~tllCJl.nn nll?1n'j?l11~
, 'IJ OJ, VI'IJ , , 

l.ifl~fll1~ b~~ru~'U5t'Uf)~~tl'WLb~~f)~~'U ~~?ltl~f)fl~tl.:j n'Unl'j~n~l~tl~b';i1nB'UVluld~~n~11'U
'II OJ, v I 'IJ v I 'IJ 

(;1n'j~'U5t-J(;1!JI.I.~'U~I.';i61fl.b~~tJB{nl.~CJfl'UtJ'j~I.Vll"!lVlCJ (Tummaruk et al., 2007, 2009) 'Utln~lnd, , 
nl'j~n~lntl'UViUldEJ.:jl~I.f)CJiJnl';i~'UEJ'U!Jlntl'Ullfl~nl~~BVlTI'V'J~~tlfll1!J?I!J'U'jru~'U5I.b~~

v I 'IJ 'IJ' 

?I!J';i';i~fll'V'JVll~nl'j~'U~'Uq~B~~n'jtlVl.:j~,rm~l~qJ (Peltoniemi et al., 1999; Tummaruk et 

al., 2000, 2004, 2010) ~tJ';i~I.Vl~~11.~'Unnl'ji~CJ'V'Jtlll ?In';i?l11~l.n~~~bb~b~tl'UlJn';ilf)lJ~'1L~tl'U, 
~'Ulf)!J l1n~~~nrl~~'1 b~B.:j,<\)lnhhtJ'U""~ !Jlnnll?1n'j?l11~bn~~'1I.I.~L~tl'Un'jnf11f)!J~\l L~tl'U'IJ , 6J 

n'UCJltJ'U (9.69,il LI.~~ 2.8%) (Ehnvall et al., 1981) 1'Ul.l~1~tllJl~n1'ji~tJ~'U5n11?1n'j(;1l1~Ln~, 
~\l LL~ l.~tl'UlJn'jlf)lJt1\l L~tl'ULlJ~ltJ'W'<\)~i1~~';ilnl';ib~~qJI.~'U1~~~1nll~n'j?l11~ Ln~1'Ub~tl'U~'U I 
(Tummaruk et al., 2000) tlVl\ll'jn~llJG1~~l'U6ijtl\l\jqJVllVll\l'j~'U'U~tJ'Vr'Uq~fllllJLL(?ln~l~n'U1'W 

1.1.~~~flijfllf) 1'WtJ'j~ I. 'V11"!?l11.~'U~n'j~11~n~~~~ I. ~tl\l~l nf)11!J~lJLVI~lVll~'j~'U'U~U'w'WIHjtJ'j~lJlru
'IJ , 'IJ , 

22% (Ehnvall et al., 1981) I.L~~ 26.9% 1'W~n'j'Wl'1 (Engblom et al., 2007) ?llV1-r'UtJ'j~LVl~ 

lVlCJ~~n'j~11~~n~~~~ 47% (Tummaruk et al., 2006) I.I.~~ 44% ~tl~~n'jn~lJ.n'tlJLI.~~.:jnl';i
, 'IJ , , 

I.U'U""~ (Tummaruk et al., 2009b) ~lnnl'ji~tJ~n~ru~Vll\lnlCJifllf)~'Ull 52% ~tl'l(;1n';i~11~, 
~nrl~~\lI.~tl\l,<\)lnllJLL~~\lnl';il.tJ'WG1~J'W~~\ll~mllvh~l'U (Tummaruk et al., 2009b) BVlTI~~6ijtl~
'IJ 

fl ~nl~ tll'<\) LL~fl~l~ n'U1'U Lb~ ~~~'U5 ~fl'j~'U5LI.~'U~L'j6ljl~-r'U BVlTI~~Utl CJ nlTw'U5CJtl{n I.~CJ{VI'll' , , , 

(Tummaruk et al., 2000) ~~nl~~BVlTI'V'J~~tl~1'U1'U~mb'jflfl~tl~1'U~n'j~11lJlnnll~n'j'Wl~ 

(Tummaruk et al., 2010) 1'UVJ1tJ~1';itJ~tl'ULVlUtl~~nl~~~~~tl1JqJVllfllllJ11l~lJ'tJ'jru~'Utfl'U~n'j 

?ll1;\ltll~ bn~~l flBVlTI~~6ijtl\l LL~\l?lll\l bL~ nl'j~n~lntl'UVI~ld~tJ'j~L'V1~1 'V1 CJ'V'J'Ull tlruViflij
, 'IJ 

f)lllJ~'U{;rlJ~Vl5 VI~tl ~~i1~ruVl.fJijfllllJ~'U i1fllllJ?llrltynllf)lllJtJl1LL~\l (Suriyasomboon et 

al., 2006; Tummaruk et al., 2010) 1'U~fll'V'JtllnlI"!L~(?l~tl'W~'Wnl'jn'UtllV1l'j6ijtl\l?ln'j~11~'WtlV
, 'IJ 

n'UtlruViflij~I.VllJl~~lJ (Rinaldo et al., 2000) 1'Ufll'j~fl~ld~n'j?l11~Lifl~\lLL~~LL?I~.:jnl'jLU'W~~
, 'IJ , 'IJ 

http:Uf)~VI'Ul1~~~tllCJl.nn
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0 

1'U~~V1'UllI,AtJ",~erG1n'U€llfll~~~€l'Ufr;hl,l(.l~~'U1'U~l\1fll~l~~t\Jb~'U1~b~€llV1tJ'Un'U~fl~~ll~b~1~\1 
1'Uf1~~e.n.JV1~€lf1~V1'Ull ~\ILf'UBVlTI'V'J(.l~€l\lf1~fll(.l~€l€lltJ~lU'U~~A~\1 bb ~fl1~b~'Uijbb'Ul t tJ~~~~~\I[:.J(.l

°1" 1 'IJ °1'IJ' 

~€lfll~n'UB1V1l~~iI€l tJ(.l\l bL(.l ~fll~b~~ru b~'Ut~~hj~ 'U€lfl~l fldtJ\lG1 fl~~ije)~~l nl~b~~ru L~'IJ1~~\I~~ 
OJ 'IJ , OJ 'IJ 

ij€ll~~LU'U~~A~\Ibl~n~1~~~~1tJ (~\1 C) bb~€lth\l1~n~l~BVlTI'V'J(.l~eJ\I~~fll(.l~eJnl~LL~~\Inl~LtJ'U 
~~nLU'U~\I~Al~1~All~~l~t\Jb~'Un'U 1'Unl~~n~ld~n~G1ll~bil~\I1'Utl~V1'Ul1~~ij~l\1~~tJ~Ll(.l1 
~\1 bb~ l~l~\l~'Ubb~~\Inl~bu'U~~A~\lbb~fl1~b~'U~'Unll~n~G1ll~ bil~\l1'U~~~eJ'Ulb(.l~~~tJ'U ~ln~(.l 
~€l\lfll~~~l~1LJ~b~G1b~€l1~'U1'U€l~~l~~'Wtdl ~~?il'U~€l\lG1f1~G1l1~LL~~\If1l~LtJ'U~~A~\lbL~f11~tJhJiJ 
fn~~fl1~Lf'U~'IJ1~\J€ltJ1'U~~~eJ~L~€lbLJ~tJ'lJbYitJ'UntJ~1\ll1~1~'U1 (Tummaruk et al., 2007) 

~\lJ'U~\lAl~Yhnl~~~l~ nl~btJ'U~~eJ~1\l~~11~~~1\l1'U~n~G1ll~ biltJ\l1'Uf1~ ~€l'U ~lV1-r'UG1fl~G1ll~, 'IJ DI'IJ , 

Al~ll~~bil~\l1'Uf1~V1'Ull 1~\1 b~€l'Ubl(.l~nl~~~fll~€llV1l~1'U~l\lb~€l'U~~eJ'U ll(.l~~'UA1~~~ijfll~
'IJ °1" 

ll\lll~'U1i'eJ~l\l~ eJltJ Jl'/nrfl~l bl,(.l~ e)~~lnl~b~~rul~'Ut~Al~bU'Ui€l~~l~ruln€l'U~~~t1l~fl~
, 0.1 , 

G1ll b~l tJ\I G1n~~ll~ije)~~l fll~b~~ru l~tJt~~l bb(.l~€lltJ~lnL~eJ biltJ\lAl~flfllbtJfleJeJfl1LJ 
" , OJ , "'IJ 

fll~~fl~ldbtJ'Unl~~ltJ\ll'Ubb~n6ijeJ\lBVlTI'W(.l~eJ\l~1\lbb~\l~€l€lltJ~btJ'U~~fl~\Ibb~fl1'UG1fl~G1ll, , 
1'Ub~~~€l'U~'U (b~'U th~bVl~1YItJ) ijnl~'WtJllLd€l~ltlJ\I~ijLb~\lb~~~'U~~vh1~€lltJ~ltJ'U~~A~\Ibb~fl, 
(.l~(.l\l 3 l'U ~\l~eJ~A~eJ\ln'Ufll~~ltJ\ll'U1 'UVlitltJ t ~tl~ijeJruV1.fliJbb(.l~All~~'U1~tJvtlhJ~llb(.l~eJl~1~ 

, , 'IJ 

?i\l~(.lt9leJ~~~~fl.fll~~~tJU~'U~'U5~€l\lG1fl~ (Peltoniemi et al., 1999; Tummaruk et al., 2001; 

Tast et al., 2002) ijfll~bl?l~\l1~l~'U~lvr\l~~~'Ufh~'U~1'Ull(.l~AllQ~tJ~eJ\l Luteinizing hormone 

(LH) 1'U?ln~?lll~€ltJ1'U~l\ln(.ll\ll'Ubb(.l~n(.ll\1fi'U~'U (fl(.ll\11'U 8 ~11~\In(.l1\lfi'U 16 ~11~\l) ijAl~l
, 'IJ 

flll€l~l\lijt1m;'l~rubdeJbVitJtJntJ?lfl~?ll1~€ltJ1'U~1\ln(.ll\11'Ubl(.l~fl(.l1\lfi'UtJll (n(.ll\ll'U 16 ~11lJ\l 
'" , " 

n(.ll\1fi'U 8 ~11lJ\l) (Halli et al., 2008) ~ln~€llJ(.ldtJ\l~1~llnl~Yh\l1'U~€l\l hypothalamo

Pituitary-ovarian axis 1'U~n~?lll~eJ~.flltJ1~~1\ln(.l1\l1'UtJllth~~~flll1'UG1fl~~€l~.flltJ1~~1\1 
, 'IJ , " 

n(.ll\ll'U~'U lb(.l~'U€lfl~l flLf'UtJ\l~'Ull~,n~ijA1llJ~11Jl~fl1'Unl~tl-r'U~11tXl~ln'IJ~J\llJ(.llijbl~\I~ 
bLJ~tJ'UlLtl(.l\leJ~l\lvr'UVivr'U1~t~tJfll~LJ-r'UltJ~tJ'Unl~V1~\Ie:mfl:1J'Ub1J(;n1Vl'U'tJ (Tast et al., 2001) 

nl~ri'U~'Uvf\lVl1J~dG1l~l~fl~l~ll bL?I\l?lll\lijAlllJ~l ~ru~ eJ fll~L~tJ\l?l n~1'Utl~~ bVl~1Vl tJ 1~ tJ~~'" , 
?i\l[:.J(.l n~~Vl'IJt9leJ.fllJ~nl~L~~ru~'U5~€l\l~n~G1llV1~ bb V1'U~ bil?itJ\l~n~1'U~1\l bl(.ll~ij~J\I Lb?l\l~'U b~'U 

OJ , , 'II 'IJ , 

~~'VI'U1J 

1'Ufll~ L~~tJlJ?I n~G1llVl~ lbVl'U All1J'VI'U11~l1'U~'UV1~\l~€l btJ'UV1~\l1'Ui:J~~tJ~l~ru~~€l\lt1l~l
, OJ 

~~l~rul neJ'U?l\l~ fl'JG11J~'U'Vl~ bb Vl'U bU'U~'Vl~l'IJ n'U~eJ~ Lb~11TV'tJl~~eJ\l~~tJ'IJ~'IJ~'Ul51'UrKVllb~tJ\l , 'II , 

(.lfl~ltJ'U1J~'UeJ~ n'U~~~'t.J~eJ\lW~\l\ll'U1'U~l\l nltJ nl~Ltl~tJ'tJLLtl(.l\leJ ~l\1~l ~ b~l~€l\l~1J~(.l~~\l\ll'U
" 'IJ , 

~€l\l~l\1flltJij[:.J~t9leJ'J~'IJtJ hypothalamic-pituitary-gonad 1~tJ~1'U®'e)'fl1J'Ub(.ltl~'U ~\l~eJbtJ'U 
®,eJf[1J'U~~~l\l1Jl~l n l deJb~B1~l1'ULtJ'UV1~fl 'UeJ n~l nd®,eJf[~'U b(.lLJ~'UtJ\lflfl~~1\l1~~lfl~fl n~~ b~l~ 

" 
eJ1V1l~ Lb(.l~ fl~l1J l deJ(.ll tJ ~lfl~eJ1J(.l Lt1eJ\l~'Uv1l1~'Vl~ltJllAJ11Je)J'U6ij eJ\l~~lijAll1J~l~rut9lB.fllA

'IJ 0.1 

nl~[:.J~~ b~eJ\l~l nAll1J e)J'UiJ~~~eJ[:.J~ l'l.fll~~eJ\lJ\l~~fll~[:.J~l'l afl~\leJ\I~1tJ1tXiJ~~\l\ll'U~b~EJ\I~eJ 
~Bfll~e)~VfB\I bb~~fll~b~tJ\l(.lflan~ltJ fll~~fl~ld1~~~vh~'Ub~eJ~fl~lAll1J~1J~'U5~~V11l\1A1l1J 

, 'II 

'VI'Ul1~~'U~'tJ'VI~\I n'U~~~'U®,eJf[1J'Ub~tl~'U1'Ufl~~ bb~b~B~~eJ\I~fl~~ll [:.J(.l nl~'Vl~(.lB\lt.l\l~ll ~n~~ll, , 
~~~1J~'U5A~\I bb ~fl~1tJAJ11JV1'Ul1~11'tJ~'UV1~\l 16.5-19.0 iJ(.l~ l1Jl'l~ ij~~~tJ®,eJft1J'Ub(.ltl~'U1'Ub~B~, 
?I\lflll~fl~G1ll~ijAJ1~V1'Ul1~~'U~'UV1~\IiieJtJnll ~\I~eJ~A~eJ\ln'Ufll~~fl~l~eJ\l Berg et al." , 
(2003) ~'W'U~VI~1J~'U5b~\I'IJlfl~~V111\1~~~'lmBft1J'Ub~tJ~'U1'Ub~eJ~ntJA111JV1'U11~11'U~'UV1~\I~eJ\I 

http:Utl~V1'Ul1~~ij~l\1~~tJ~Ll(.l1
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61n)61l1ne:1'I.J'c\J~tln~~Lil1)~~l ~~LL61~~1iXb'l~h.dl61n)~iJA1llJ~\Jl1~lJ\J~\J~~~61~1\Jl\Jc-J61lJ'c\J~iJ 
q 'Ii , 'Ii 

61lJ))tI.nlvfvn~fll)~'U~\J5~~b~mu\J bLll61 fl) l~tJbuvn~11..1 b~€l~~eN~\Jl~A)€ln L~€l~'c\Jlflnl)~m~n
q q 

n€l\J~,.Jl~'1~Lb61~~1iXb~\Jll61n)61l1~b~1c-J61lJ~1 tJA1llJViUl1~lJ\J~U~~~lJlfl flll 17.0 ij~~ blJ~J, 
61llJl)tI~~~~n61fl)1~lJlflflll61fl)61l1~bil~61lJ~1tJA11lJViUl1~:W\J~\J~~~ 14.0-16.5 ij~~blJ~)

'Ii q q 

()\lA)€lfl~~ 1 ~1 ;\lLU\Jnl)bb61~\l1v1b ~U1161flJ61l1~iJJ~~'UeJ€lftlJ\Jb~tJ&1\J1\Jb~€lV161\1 iJ)~~'U
q 'Ii 

61lJV1~'W~\I-:ll\J~~ fll1?1 nJ?ll1~iJJ~~'U eJ€lftlJUb~tl~\J1'Ub~€l~~l ~\lvi11v161 flJ?ll1~iJJ~~'U
, q , 

eJ€lftlJUb~tl&1'W1\Jb~€l~61\1I,b?l~~?llJJJtI.nl'WVll-:l nl)~'U'w'U51~~fll1 €lth-:l1Jf)~ J~~'UeJ€lftlJ\Jb~tl&1u
'Ii , 

1\Jb~€l~~€l\l?lflJ61l11'UfllJ~fl~1.n1ll1~b~lJ~U€l~l\1nUtJ~lf1ru1U61flJ6111~iJA11lJ'VI\J11~lJU~\J~~~
, IV , 

l.J1flflll 19.5 ij~~blJ~) ~\lbb61~\llv1bii\Jl1J~~'UeJ€lftlJ\Jb~tl&1u1\Jb~€l~~€l\l61flJ?ll1€ll'c\J€ltJl\JJ~~'U 
, 'Ii 

~b~lJl~61lJbb~11U~flJ?ll1~iJA1llJ'VIU11~lJU~\JVi~\I 16.5-19.0 ij~~blJ~J ~\I'!\J~\lhjiJA1llJ~lbU\J, 
1~~'c\J~~€l\lvi11v161flJ?ll1nA11lJ~\Jl1~:W\J~U'VI~\lbnU 19.5 ij~~blJ(11Jl\JfllJ~61lJ~\J5A~~bLJfl fl~11, , 
l~tJ61Jtl A€l J~~'U~mftlJUb~tl&1\J1\Jb~€lV1~€l\l?lnJ~11i1A1llJ~lJ~\J6n'UA11lJ'VI\J11~:W\J~uVi~\ll\J, , 
fllJc-J?llJA~\l bb1n€l~1\liJum1lf1~ bb~~)~~'U ~1€lftlJUb~tJ&1\J~ bVilJl~61lJ'W'U1\J~flJ6111~i1A1llJViUl 
1~lJ'U~u'VI~\l 16.5-19.0 iJ~~blJ(11J 

fllJ~n~lA~\I.n1~v1i€llJ~ b~ tJ1 n'UJ~~'U bb€l\J&1'U€l~~€llJA &1~ ~€lVll\1)~'U'U~'U'WU5~€l\l61 flJ~
'\J , , 

G1lf1ru1\JtlJ~ bVl~1VltJ1~tJb,.J\J~~flJ?l11VlV1bLV1\J 'c\Jlfli€llJ~V11\16l1~lJiVltJl1\JfllJi~tJ.n'W'Ul1~flJ?l11 
IV , '\J , 

V1V1bL VI u?h1..11Viqj1~-r'Ufll1~l.I~?ln'Ub~€l1Tr?l.w€ll~€ll~L€l?l (84%) b~€lYnft111-r?l (97%) bb~~L~€l 
11-r?l~~?lu6(Jthl'VitJlJ (40/0) n€l\Jtlfl~\lLileJ\lbbll~\J6 \J€lfl'<\)lfl,!\JlJlflflll 75.5% ~€l\l?lfl1?l11~f.lfl 

, '\J '\J , , 'Ii 

f1~~\liJnlJ~lJcr~b~€l1Tr?l€l~l\1U€ltJ 2 ~j'a~ bb~~Ln€l'U 20% ~€l\l?lflJ?l11n~lJ.ni1fllJ~lJer?lb~€l11-r?l 
AJ'U~\I 3 ~ii~ ,<\)lfli€llJ~1'W?lflJ?ll1~f.lflf1~~\I,j\l~11?lflJ?l1~fl~1J.ni1€l~mdm.J?llJ~\J5A#\lbbIn 

'\J' 'Ii ", , 

r1€l'I.Jil\1il (265.5 1'W) bL~~i1B~Jlfll1b'c\J~rub&1'Ul(11bu~tJ~€ll'Wr1€l\Jil\1~l (461.3 n-rlJ/lu) ?lflJ 
IV , 

~11~iJtJJ~~Vl5.nl'W1\J fll1b '<\)~ru b&1'U1~~1ll~J1lJ~\I~flJ?l11~i1€ll m~€lc-J?llJ~U5A#\I bb Jflil€ll'<\)iJ
IV , , , 

UruVilV1l\l?l~J11'W bL~~/~~€liJfllJ~lJ~?In'U?lJ11'W€ll fll~~~€l\J~~ Lb~~A1llJ~'I.J ~?I\llU~1\1~ 
IV , 'Ii 

b'i\l~rub&1'U1(11 fllJ~m~l~€l\l Tummaruk bb~~Aru~ (2009b) ~'Ull61fl)?ll1V1~bbVlU~€ltJlub~(11?1.nTV'l
IV , 'Ii 

€llfll~~€lU~\J,<\)~bil?iltJb'c\J~ru~'W5~€lltJtlJ~lJlru 200 lU ;\lilflll~flJ?ll11UtJ1JtJbb~~€lblJ~fll 
'Ii Q.I, q " 

tlJ~lJlru 2 ~tJ~ll1 (Karlbom 1982; Patterson et al. 2010) \J€lfl'i\llfl'!'WtJ\I'W'Ul1~flJ?l11~i1, 
B(11JlfllJb'i\l~ru L&1'Ul(11bu~tJ~€ll\J~'i\l~bil~lm'i\l~ru~\J5b~1fll1?ln)?ll1~i1B(11Jlfll)b'i\l~rub~U1(111ll~ 

cv cu II ~' q v 

(Tummaruk et al. 2009b) i€llJ~L~~lU,j\l~ll?1~J11'W~€l\l?lflJ?ll1€ll'c\J'i\l~n~~~€lJ~'UU~'U~U5'Ii q, , 
bb~~tJ)~~V15J11~Vll\1fllJ~'U~U6 

?lnJ~111'UVlfl~1~1J~~fl~11\JA#\I.niJJ~~'UU€l'W~U€l~~€lb~€lvnftl11-r?l1'WJ~~'U?l\l bb~11'i\l~
, q 'Ii 

iJfllJv111A6l1UU€l\lnUL~€lov'nft111-r?l1'I.J'V1flyh~lJbb~)~~'U LL€lu&1'U€l~~?l\ll\JJ~~U~(11)1'i\l~'U.n1ll
q 'Ii 

Ul'i\l~ Lc\J\J~~lJl'i\llflnlJv1llA6l1\J btl'W~Vl1l'UnU~11L~€l'Wlft111-r?lv1l1v1bn~fll)(111tJ~€l\lL€llJ'U~l€l 
bL~~~1e)€l\J1\J?lfl1?111LL~~LLll?lflJ~~\lYl€l\l LL€l\J&1'U€l~~€lL~eJynft111-r?l?lllJ1Jf.l (11J1'i\l 'WtJ1~L~1?lV1

, q , 

~ 5 1'I.J~~\I'i\llfl~lJcr?ln'UL~€l11-r?l~i1~i~bL~~A\I€l~1~\J1\J~~ltJtJ (Mengeling et al. 2000; 

J6zwik et al. 2009) 1Jfwnft11Tr?lbu\J1JAtlJ~~1~ul\J'V'Jl~1J?lflJ?i1ul~ru (Oravainen et al. 
, OJ 

2005) b~ub~tJ1n'UfllJ~fl~rll\Jf)#\I.n~,j\l~111JA"v'nft111-r?lLUU1JAtlJ~~l~U1'WVh~lJ?lflJVlfl~l~lJ, , 
Yh,hlJl~fl~l 'I.J€ln,<\)lmr'I.JfllJ~fl~lA~~.ntJ\lU\l~11?lflJ?l11V1V1LbVl\J:Wfl'c\J~i1fllJ~lJcr?ln'UL~€lynft1, 
11-r?l1'U~1\lbb1fl, ~v1lbil~\l 1~tJvt11t1~nJ?lllJ1Jf.lLL~~b~€l~lft111-r?l1~U~1\1t1J~lJlru 2 ~'lJ~1~ 

http:fllJ~n~lA~\I.n1
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f11(JVllK~fll'J~1Jcr?fb~e:l bb~~1'Ufle:lfl~n'J,1'U~~iJfll'Jf)~tl~~B~b~Btl~l~UB(J 4 b~tl'W (Mengeling et 

al. 2000) b~tl~~lflf1iJ~1Jn'Ucll(J'Vltl~~rlfl'Jrll11~-r'U1Jl~lflbblJ (passive immunity) v1tlb~e:l~lf[l
'U , , 

11-rrl~~~1"~~tll(J't.h~1Jlru 22 ~'tJ~l~ (Too and Love 1985) rlfl'Jrll1Bl~iJfll'J~1Jcr?fb~tl11-rrl, , 
~~bb~~1~b~1Jf)~fl1'Jf) ~"ll~(J~l'W1JlfllJflbtJ'W~h~ntl'Wl~-r'Ulfl~'WYnf[111-rrlfl~-:)bb 'In ~lfl~tlb~~~~-:l, 
t1,j-:l~';h?ffl'Jrll1~1'W1Vlru1'Wfll'J~m~l,b'W~rltl~L'Wf)~-:lt1iJ'J~~'Ubbe:l'U~'Utl~~tlb~tl'Wlft11'J-rrl"~e:l~ 

, cv 'U 'U 

bbi11~-:l bbv1ntl'Wf)~fl1'Jfl 'Ue:lfl~lfl,1'UEJ-:liJ'Jl(J~l'U'W'Ufl'Jl1J bb 'lJ'J'lJ'J1'U'Vll-:lcW'U5fl'J'J1J~e:l-:)b~tl~1f['J11-rrl, , 
1'Ufll'J~fl~1'J~(J~VllK~VI"1(Jnl'JPim~1 (Zimmermann et al. 2006; Jozwik et al. 2009; Miao 

et al. 2009) b~e:l~1f[11'J-r?l~lflf11fl?l'Wl1J1'U'lJ'J~b 'Vll"1b(Jtl'JlJ'UijcW'U5fl'J'J1J bb(9lflv11-:)~lfl"1(J~'U5 
, " ' 

~'Ubb'U'Ubb~~?l1(J~'W51fl~'W (Zimmermann et al. 2006) fll'Jlbfl'Jl~v1'Vll~cW'W5fl'J'J1J~tl-:lb~tl~1~ 

111'J-rrl,j-:l~':h e:l~1~~e:l (J 2 ,rll (JcW'W5~1~-r'U fll'JV'WEJ'UiJfl111J?fl1Jl'Jtl1 'U fll'JbU'UI,b B''W~ b~'Ul~bb(9lfl ~1-:l 
n'W fl111J bb(9l fl~1~'Vll"lcWt.l5fl'J'J1J~tl\l b~e:l'Wlf[ 'J1 'J-rrlvll1 ~'J~ ~'Ubbtl'W ~'U e:l~~ tl b ~tl'Ynf[11 'J-r"""l1 'U 

, 'U 

?ffl'J?fl1bb~~bblJ?ffl'JbblJl1~~1~-r'Ulfl~'Ubb~ln(9l11J (Jozwik et al. 2009; Miao et al. 2009) ~lfl, , 
fll'J~fl~lEJ~hJ'W'U'Jl (J\ll'U f)111J bb'lJ'J'lJ'J'Jt.I'Vll\1~'U5fl'J'J1J~B\I b~tl'V'Jlf[111-rrl1'Ubtlb~(J tl Vl \11'In(9l11J, 
"fl'J~l'U1 Virum ibtJt.lyJBbb~~'U51'Uvh{1Jrlfl'Jb~~'Wlrihj(J1'U'lJ'J~b'Vl1"11'Vl(JlJfltllbil1Jl~ln'lJ'J~b 'VlPl1'U 

, cv " 

(J1'J'lJ ~\I,1t.1flll1J bb'lJ'J'lJ'Jl'U'Vll"l~\'!5fl'J'J1J~B-:lb~tl'WTfl, 'J1 'J-rt 'UVh{rlfl'J 1 'U'lJ'J~b 'VlPl1'Vlm.11~~'W'U1~, , 
'UBfl~l fl,f'Utll'J~'U'Uf1iJri'1Jn'U~B b~tl'Wlf[ 'J1 'J-rrl1 'U" fl'Jrll1 bb~~ bb~?lfl';i~"ll~~~'Wl~tll~'W'UuruVil

'IJ , " 'II 

'Vll-:l';i~'U'U~'U~'U5 b~'U t:.J"lJ~l bb~~bbVi'~ 1~ ~tl1J~1'W'lJ';i~b'VlPl1'Vl(J~lflfll';i~fl~lntl'WVlult1,j-:j~11
, 'U 

b'lJe:l{b~'W~~flfl';itlfl1'Wfl';ie:lfl~e:l-:lrlfl';irll1ij';i~~'UABt.lil-:lrl-:l (3.1%) (Tummaruk et al. 2010)
'U , 'U 

cJi~mb'U~Ul11fl1';iijnl';ifl1'Ufl1J b~e:lYnf['J11-r?f1~(Jfll';ivll1fl~'W?ln';i?l11'Vl~ bb Vl'U 2 fl~-:lne:l'Ut:.J?l1J
'U , , 

~'U~ bb~~vll1fl6/1'U~lBflVJfl1 4-6 b~B'U 1t.lbblJ~fl';i 'Wtlfl~lfl,1'UV\lfl'J';ib~l';i~l-:jb~tl·V'nf[111-r?le:l~1\1 
I d c:I v 

(9le:lb'UB\lBfl~l(J 

1'Ufll';i~ n~lfl~\lU ?lfl';irll'J'Vl~bb 'Vl'W1'U'Vl fl'Yh{1JiJfll';i~1J~?fb~€)11-rrl~Bl~tll{b€)?lvr\ln€)'U, , 
';i~Vdl\1 bb~~VI~\lrmfl1 ';if) vr\l1'WYh{1J~'Yhbb~~llJvll1fl6tl'Wt~(J1ifll';ib~1J?f\l~'W~€)\lbb€)t.I~'Utlm'U~~1J

, 'U 

btJ'W~l,j\l~ ~-:jt:.J~fll';i~m~nflf\lt1bbrl~\l1~b-}i'Ul1 rlfl';i?fl'J'Vl~bb'Vl'UbtJ'UbbVl~\I~lAru1 'Ufll';iUlb ~e:l1'J-rrl 
, 'II 

~€)1{€)1{btl?fbil~~~bb~~'W5 e:l~l\11'In(9l11J fll';i(9l';il~bu'Wl~';i~~'Ubbe:l'U~'Ue:l~ (~~~'J'U SIP) ~n~EJ\I 
'IJ'U , 

llJ btJ'U~lU\l~~~'Wfll';i,j\l'Utlflfll';ifl\ltl~~tl-:jb~tl1'J-r?l~~n{~n{beJ?f1 'UbdtJb~BVI~B1'Ufl';i~ bb?lb~B~~B\I 
'U 

~fl';i (Thanawongnuwech and Suradhat 2010; Olanratmanee et al. 2011) 

Olanratmanee bb"~flru~ (20 11) bb?l~\l1~b~'Ul1b~tl11-r?l~'U1ru'Ubdtlb~B1J~~fl~B\lrlfl'J?fl1vr\l~iJ
'U , 

';i~~'ULl,B'W~'Ue:J~?l\lVl~B~l fll';i~fl~11'Wflf\lt1'V'J'Uflll1J bb(9lflv11\1~B\I';i~~'UbbeJ'W~'UeJ~v1B b~€)1'J-rrlcW 
'U 

€)1{Bl{btl?l';i~Vll1\1vh{1J ~~~1'W~B\I?lfl';i?l11~6l1~1JbtJ'U~'Uv1€)b~€)1'J-rrlcW~n{eJl{bm"l1 'W'Yh{1J D ?l\l 
, 'U 

fll1L'Wvh{1J~t.I ~\lBl~bn~~lflfl'Jl1Jbb'lJ';i'lJ';i'J'U'Vll\1W't'!5fl';i';i1J~eJ-:lb~€)11-rrlcWeJl{en{bBrI ';i~Vll1\1 
yh{1J 'U€)fl~lfl,1'U'vh{1J E t1\1iJfll';ivll1fl~'Wb~B11~rI-W'Bl{€)1{b€)?l~{j~b~€) btJt.I~l (J b~B\I~lflfll';i 
rI~l~bbB'U ~'U B~~B b~B1'J~rI~ BT~Bl{bBrliJfl111J b~(J'JollB-:lB ~l\11Jlfln'U fl111J bbt.h'lJ':il'U'Vll\1cW'U5fl':i';ilJ, 
bb~~~1~'Ufl';i~B~iJ1'U~B\lb~tl1'J-r?l~Bl{Bl{btlrl (Kim et al. 2009) ~\I,f'Ubu'Wl~';i~~'UbbeJ'U~'UeJ~ 
tll~8~llJb~(J\I'WB~tlfll':i(9l';i1~Vllb~B11-rrl~tll{Bl~b€)?l~'J'Wb1(J'Wew1 'W'V'h{1J bb~B~l~1';in(9l11Jnt1~iJ

'IJ 

fll';i(9l':i'J~':i~~'UbbB'U~'Utl~v1Bb~tl11-r?lcWeJl{eJl{bBrl1 'U?lfl':irll11 'U'Wl{1Jrlfl';i1'W'lJ';i~b'VlPl1'Vl(J~l1Jl~vil, , 
lfl~'Wb~B1'J-r?l~Bl{eJl{btlrlVl~l(Jfl~~nB'WrI fl';irll'J~~tlfl~~1'lJtJ~~\lbb~~'U5 1t.I~\lmJ~'W5'Ul\1~\I 

, 'U 'U , 'U , 'U 

lfl~'Ub~B1'J-rrlcW tll{Bl{ btlrl~U~ b~tl btJ'WtI fltll1Jl1in'Urlfl';i?l11'Vl~ bb'Vl'WbyjBfll'Ufl1Jb~B11-r?l.weJl{
'U, , 
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en1bflG1 (Cho and Dee 2006) fl~l\11~n~llJ fl1~1ilf16l1'Ub~fl11'r(l~fl11fl11bflG1~U~b~flbtJ'Urn~ 
~tdJ~~tl\1 b~fl\l'<\llf1.nij ~lJ n'U~llJ(ll ~J'Vr'U5~ bb~ fI~l\1n'U~~ btJ'U~fltlfl b~8~n'Ufl ~ bb~tfl1'j bb 'W~~ fl\lb ~fl 

'\I " 'IJ 

11-r~'<\l1f1~fI~~1~-r'lrrf16l1'Un'WtJ1~lJ1f11'Ui1\l~\J~1"'bb'jn '1 'VIc;r~n1~'Vhlfl~U (Alexopoulos et al. 

2005; Scortti et al. 2006; Kim et al. 2009; Thanawongnuwech and Suradhat 2010) 

'Uflfl'<\llf1t!'U1'UtJ1~fI~ru n1'j~~b~fl~llJ~fl-:lb~fl11-r~~fl11fl11bfl~bb~tb~fl'Wl'fl111-r(l bb~t/'VI~flb~fl 
11-r(l~~G1tT~J'U1bVi8lJ~-:)fl1'<\lbn~~'U1m'UG1n~?l11Yl~bb'Vl'U ~-:I'<\1tvh1mc.if1bn~f111lJ~tJifl'Ubb~tL111tJ~ 

" '\I 

n1c.i~~tJ1t~'Vl6i11'W'Vl1-:)n1c.i~'U'w'U51'U?ln~~111~ b~11t b~fl11-r(l~fll1fl11bflG1btJ'Ub~flrifl1~f1~fI~, , 
o """ v..... I ..... If d 

nlc.i'Vl1-:11'U~fl-:l1~tJtJiJlJ~lJfI'U~fl\lc.i1\1nltJG1~1 (Thanawongnuwech and Suradhat 2010) blJ€l 

1lJ'U1'UlJl't1 Olanratmanee bb~tf1ru~ (2011) VlJtJ11bbfl'U~b'<\l'U~fl-:)b~fl11-r?fyjfl11€l11b€lG1fltJlu
'IJ 

'Vll-:)b~hJ1~tJtJ~tJ~'U5~fl-:l~fI~~11'Vl~bbYl'Ul~'VI~lm~fl'U (lJ1nfl11fl18 11 b~€l'U) 1 'Ufl1rudfl11 

~'<\llc.irul b~fl'U fll~t:.J~~~'U~f1~-:I bbc.ifl~fl\l?ffl~?f11flfl fl1 tJ ~fllJ~~VlJU'<\l~nn11i~8fl~-:)dtJ-:)~11~~i11VIJ
, , '\I , 

~fl\l~flc.i?fl1Yl~ bb'Vl'Ubu'WtJc.i~ b~'W~lrlru~f111A1i1\1~-:I n€l'U~~~'U1'<\lvi1 fl11t:.J?llJ ~'W5G1n~1Ufl~-:) lob ~n , '" " 
1'Un1~~n~1f1~-:)d 'rh1lJ C bb~t D i1mj'~fl11ru~fl\lb~fl11-r~cW~G1tT~,j'lbVl8lJ~1'V1~flbU'U~tJ, , 

1'U~ru~~rh1lJ B bb6'l~ E dJ'WtJ1n~m~fl11-r?fcW~?ftT~,j'lbY18lJ fl~l-:)1c.in~llJllJljfllc.iL11~flc.i~11~,, 
btJ'Uu1n~m~fll1-r~cW~~tT~,j'lbYl8lJb~llJ11'UYh1lJ~6'lfl~~l\l~vl1f11~~fI~11'Uyh1lJ A ~\lf1-:1'WtJfl11, 
U1bi1~flc.i?f11~bU'UtJ1 n~flb~fl11-r~~~?ftT~UlbY1tJlJ ~\lfl1'<\l bn~'<\l1f1~flc.i~11'Vl~ bb'Vl'Utlflt:.J~~i1181 'U , , , 'IJ 

rh1lJ~LU'UtJ1n~flb~€l11-r~cW~~tT~,j'lbVi8lJ ~\lt!'U1tJ~LLflc.ilJfll~n1~~b~fl11-r?f~~?ftT~ulbVimJ1'U, , 
rh1lJdfl1c.i1~~ufl1c.itJ~'U'll1 \I mj'11f111lJ~fI~fl-:lb ~fl 11-r~~~~tT~,j'lbVi8lJ'<\l~~1 bb~ntl\l'Wunl~ 
1'Ubi8'U~fl\lb~fl11-r?f1'U 3 ~1f1 5 Yh1lJl~ ~flfl'<\llnJ'U~-:l11Jbf1'8ljn1~~fl~1~~11'<\l'WtJb~€l11~~cW~ 
?fU~,j'l bYlmJ1'U?fnc.i~11~tlnrl~~\llJ1n€lU nl1~fl~1f)~-:)dtu'U118\11Uf)~\lbbc.ifl~'WUb~fl11-r?f~~~U~ 

, , 'IJ , 

,j'1 b Yl 8lJ 1 'U~n~~11'Vl ~ bb 'V1'U~ tl nr1~~\I 1un11~n~1~1'U~~Vi'18~ fl -:J n 11 ~n~l f) ~-:ld'WtJ11fl11lJ~n 
, 'IJ , , 

~fl\l~n1G111~buutn n~flb~fl11-r~~~?ftT~,j'lbVi8lJ~fl'U~l\1~\I ~\ltJ\I~11f11~~~b~fl~llJt5c.ic.ilJ~1~ 
, , 'IJ 

~fl~b~€l11-r~cW~~U~U1 bVi8lJ1'U~flc.i~11fl1'<\1ljt:.J6'l~flfl11lJ~lJ L'VI6'l1'Vl1\1n1c.i~tJ~'U5 bL6'ltfll'<\lL111tJ~ 
" , 'IJ 

n1~A~~\I~n1(l11 iJruVl1'Vll~c.i~tJU~tJ~'U5~b~81ifl\lntJn1c.i~~b~fll1-r~~~~U~U1bYl8lJ 1~bbri bbvl\l, "', , 
bb6'l~t:.J~lJ~l (Mengeling et al. 1997) fl~l\11c.in~llJ1'Ufl1c.i~n~1f)~\ld b~eJ11-r~~~~tT~U1bYl8lJtl\l 
tl new tJ1'U ~n1~11~ tl nA~~\I b~fl \I '<\11 n1ll b U'U ~~ bb6'l ~lj~\I A~VI~\I \11 n~ fl -:J f) 6'l fl ~~~Un~ ~n~18 
'\I , 'IJ 

1~tJ~~'\.J ~n1~11'Vl~bb'Vl'U~1'U1'/lruljn1c.i~lJcr?fb~€l11~~cWeJ11fl1~bfl~ (84%) b~fl'Wl'fb 11~?f , , '" 

(97%) bb6'ltb~fl11-r~~~~L1~,j'lbVl8lJ (4%) rifl'UtlnU1b~1~~bblJ~u5 b~fl'Wl'fb11-r~bU'U1~f)'\.J~~-oJ1
, 'IJ 'IJ , 

~'U1'U'Vln~l~lJ~~n~l bb(lt~n1?f11'V1~bb'V1'udJn~lJcr~b~f)'Wl'ft111-r~~\lbb~~l-:l bbc.in~L11b~1~\I G1nc.i 
" 'IJ , 

G111'Vl~bb'Vl'UbtJ'Ubb'VI~-:I~1r1ru1'Ufll~L11b~fl11-rG1~fl1~f)1~LflG1Li1~~-:JbblJ.yr'U5 f111lJ~n~fl\l L~fl11-r?l~~ 
QJ 'IJ'IJ , , 

?ltT~U1 bVi 8lJ'WU1UG1 n1?111~tl nr1~~\1 b{jfl~'<\11niJru'VI1'Vl1-:1c.itUtJ~U.yr'U5lJ1 n n111'U?f nc.i?l11~G1~i11'W 
, , 'IJ '" ", 

~ n11n1~~'Uflij~lJn'U~fl\lG1nc.iG111'Vl~bb'Vl'U~flb~fl11-rG1yjfll1fll~bfl?l b~flVIJ1~111-rG1 bb(l~b~fl11-r?l 
, 'IJ , , 

~~~tT~U1LVi8lJ ~llJntJ fl1c.in1~~ b~fl11-r?l~~G1,r~,j'lbVi8lJbU'U'\.J1~b~'U~lAru~f)1c.it111 '\.J1intJvh~lJ, , '" 

?lnc.i1'U'\.Jc.i~b'VlPl1'Vl8, 
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~el~-atJ 
~ 

(Conclusion) 

• 	 ?lfl'J?ll1~'W5t:J?llJbb~'W~b'Jliljbb~~tJeJiflb~tJft'W'Lb~b 'Vlf"11'VIEJ bb?l~\lfll'JbUU"'~f)~\lbb'Jfl1~b~Ub~eJ, , 
eJltJ 199 1'W 1~tJ"tfUf)11lJ bb~fl~l\1eJ~1\1lJlfl1'Wbb~~~cJ-!I vr\lbtJeJiblilj'W~~eJ\I?lfl'J?ll1~bb?l~-!lfll'J

, 	 'U, 

bU'UG1~1ucJ\I (44.6-81.6%) bb~~eJ1EJ~bUUG1~f)~-!lbb'Jfl (185.4-226.81'W) 
'U 	 , 

• 	 ~fl'J?l11~bb?l~\lfll'JbUUG1~1Utl~VlUl1~~ijeJl~lJlflflll~fl'J?ll1~bU'WG1~1'Wtl~~eJ'Wbb~~'l~~'W 
eJ~l\11'Jn~llJ?I fl'J?ll1~b~lcJ\l1Ufl~VlUl1~~ij'J~ tJ~ b1~1~\1 bb~b~l~\I\l'Wfl'J~~\I bb?l~\lfll'JbU'W"'~ 

, 'U VI'U 	 'U 

f)~-!lbb'Jfl~'Wnll~fl'J?ll1~b~1~\l1'Wtl~~'U I . 	 .... .... 

• 	 ?lfl'J?l11Vi~lJcr?ln'UeJruVli1ij?l-!l ~~j'neJruVli1ijf)11lJ~'W?I-!I bb~~/VI~eJ ~l\1bb?l\l~U 'J~Vlll-!1 30 
, 	 , 'U 'U , 'U 'U 

l'WneJ'Wb~lcJ\I~~ijeJ1 tJ~ bUUG1~f)~\1 bb'JfllJl flflll?1fl'J?ll1~~lJir?l n'UeJruVli1ij~~l ~SUiieJruVli1ij
'U' 	 , , 'U , 'U 

.., 	 I 

f)11lJ~'W~h bb~~/Vl~eJ ~l\1bb?l\ltnl 
.del d <:>I .d ~ v ~ 	 .d 1.1 .d v1.1 	 I 

• 	 ?lfl'J?ll1VllJeJl tJlJlfl blJeJ b~1 ~-!I~~lJeJl tJ'Vl btJU?I~ f)'J\I bL 'Jfl:Wlfl fll1?1 fl'J?ll1'VlL ~lcJ-!I blJeJeJltJ'WeJtJ 
, , 'U' 	 , 'U , 

• 	 'J~~'UeJeJf[lJ'Ub~tJ&iU1Ub~eJ~~eJ\I?lfl'J?ll1ijf)11lJ~lJ~'U5n'Uf)11:WVl'W11~~'WG1'WVI«\11Uf)1'Jt:J?llJ
....' 	 . 

f)f-:l bb 'JfleJ~1-:1ij,rm1'1~ru
'" 

bb~~'J~~'U eJeJf[lJUb~tJ&i'W~ bVllJ1~?llJ'WtJ1U?I ,f)'J?l11Y1ijf)11lJ'VI'W1 

1~lJU~'WVl~\I 16.5-19.0 ij~~blJ~d 

• 	 ?lfl'J?ll1'Vl~bb'Vl'W~1'W1'VIruijfl1d~1lvr?lbteJ11'r?l-WeJl~eJ1~beJ?I (840/0) b~eJ'Wlf[l11f?l (97%)
, 	 OJ 

bb~~b~eJ11-r?lcW~?I,r~U1bViEJlJ (4%) neJUt;lf)cWlb~1cJ-!lbLll~U5 b~eJ'Vnfb11-r?ltJ-!lf)\lbtJU1df)
, 	 'U 'U , 

tJ'J~~l~U1'W'Vlf)'Vh~lJ~Pif)~1 bL~~?lf)'J?!11'V1~bb'VlU~lJir?!b~eJ"tnf[l11f?!~-!I LL~~l\1 Lb 'Jfl~cW1b~1, 	 , 
cJ\I 	 bL~~?!fl'J?ll1'V1~Lb'VlULU'WLb'VI~-:I~1~ru1 Ufll'JcWl b~eJ11f?l~eJl~eJ1ibeJ?lL~1?icJ\lbbll'WU5
'U , ., 	 'U'U , 

• 	 f)11lJSUfl~eJ-:I, L~eJ11f?!vh~?!,r~U1b, VitJlJ'WtJ1U?!fl'J?ll1~flfl~~~\lb~eJ\I~lflUruVl1'Vll\1'J~tJ'U'U, 	 OJ 

~tJ~'W5lJ1flflll1U?!fld?!11~?!~.fl1'W~ fll'Jfld~~'Wi1ijr1lJnu~eJ\I?lf)'J?l11'V1~bb'Vlu~m;eJ11-r?lcW 
, " 	 , 'U , , 

eJlieJlibeJ?I Lb~~L;eJ'W1f[l11f?l ~1:wntJn1dnl~~b~eJ11-r?l'W~?I,r~U1LVitJlJLtJ'WtJ'J~b~'W~l~ru , 	 '" 

~f)1'JcWl1tI1~ntJYhi:W?lfld1UtJ'J~b 'VIf"11'VltJ, 
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(Suggestion for Further Work) 

• 	 B1~6ijB-:)~n<j?l11 JTVIUfWl1 1,1,~~er~<j1n1<j1,~~tyb~'Ul~ d~hj~"~Al<j1~Al1~G11~tyhJ 

-W~1<jru1 tle)'t.1L11?l n<j?l11 b~1cJ" 
, 'II 
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