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åØòÏíÌÏßÖéÈ ÁÜÃãÓñÚïÑèÌãËò

ÅîÀèÌ ãÀò×ÙïÄèÌ1,  ÄèÌËßÖèÈ ÖòÞ×âÈÆß2, ÈÕ. ÍîÌÊÜÃ Íí×ØÜÓ3

ÍíÈÂèÈØÇçò

Á§ÓïÌ Ë¯ÌçàÓàÅëÀÅàÂ´ÃÌ¸ âÎèÌÁ§ÓïÌËàÃÈòàÌÀàÌÅìÍÑèÌ ãÖß ÀàÌËíÈÅÜÍÑèÌ ÁÜÃ ãÓñÚï
ÑèÌãËò Ë¯âÎèÌÐïÃ Îïñ-ÇñàÑèÌ (Great Grand parent stock) ÁÜÃ ÚïÑ¡-ãÓñÑèÌ Ë¯ÖòÞÃ ÔïñÅßÊà
ÌêÖòÞÃÚïÙÜÃãÉñÃ åÌÎßÄîÍèÌ. ãÓñÑèÌÄçàÌ×ÌÈ¨ÃÀñà× ÊìÀÂèÈÜÜÀÄàÀÐïÃ É´ÃãÉñ Îê 1991-
2001 ÆëñÃÎßÀÜÍÈò×Ç ÑèÌÈïÕóÜÀ, ÖàÈÆß×àÇ ãÖß ãÖÌâÈÕÅ ÄçàÌ×Ì 441 ãÓñ (3.492
Á§ÓïÌ) ÌçàÓàÅëÀÅàØàÂñàËàÃÀçàÓßÑèÌ æÈòãÀñÂñàÜèÈÉàÀàÌÊñàÇËÜÈËàÃÀçàÓßÑèÌ
(heritability,h2), Â ñàÂ×àÓÅçàÑèÌËàÃÀçàÓßÑèÌ (genetic correlation,rgg) ãÖß
ÂñàÂ×àÓÅçàÑèÌËàÃÖèÀÅßÌßÑàÇÌÜÀ (phenotypic correlation, rpp) ÁÜÃÖèÀÅßÌßÜàÇî
ÀàÌÌçàåÆò Ë¯åØòÏíÌÏßÖéÈ (FL), ÖèÀÅßÌßÄçàÌ×Ì ÖïÀâÀêÈËèÃÚíÈ ÉßÛÜÈÆ³×ÜàÇî (LTB),
ÖèÀÅßÌßÄçàÌ×ÌÖïÀâÀ êÈÓ êÆ ê× éÈÉßÛÜÈÆ³×ÜàÇî  (LBA)  ãÖß Ä çàÌ×ÌÚï Ô ñàÌ íÓ
ÉßÛÜÈÆ³×ÜàÇî (LNW). ×éâÂàßØàÂñàÂ×àÓÏèÌãÎ Èò×Ç×éËê Restricted Maximum
Livelihood (REML).

ÄàÀÏíÌÀàÌÅëÀÅàÑíÍ×ñà ÂñàÜèÈÉàÀàÌÊñàÇËÜÈËàÃÀçàÓßÑèÌ ÁÜÃÖèÀÅßÌßÜàÇî
ÀàÌÌçàåÆòË¯ãËòÄéÃ ÀèÍÖèÀÅßÌßÜàÇîÀàÌÌçàåÆò Ë¯åØòÏíÌÏßÖéÈ ÓêÂñàâË³àÀèÌ Âì: 0.03, Âñà
ÜèÈÉàÀàÌÊñàÇËÜÈËàÃÀçàÓßÑèÌÁÜÃÖèÀÅßÌß LTB, LBA ãÖß LNW ÓêÂñàâË³àÀèÍ
0.16; 0.20 ãÖß 0.13 ÉàÓÖçàÈèÍ. ÂñàÂ×àÓÅçàÑèÌËàÃÀçàÓßÑèÌ ãÖß ÂñàÂ×àÓÅçàÑèÌ
ËàÃÖèÀÅßÌßÑàÇÌÜÀÖßØ×ñàÃ ÜàÇîÀàÌÌçàåÆòË¯ãËòÄéÃ ÀèÍÜàÇîÀàÌÌçàåÆò Ë¯åØòÏíÌ
ÏßÖéÈ ÓêÂñàÔïñÖßØ×ñàÃ 0.37 Øà 0.65 ãÖß 0.04 Øà 0.05 ÉàÓÖçàÈèÍ. ÅçàÖèÍÂñàÂ×àÓ
ÅçàÑèÌËàÃÀçàÓßÑèÌ ãÖß ÖèÀÅßÌßÑàÇÌÜÀ ÖßØ×ñàÃ ÀàÌåØòÏíÌÏßÖéÈÈò×ÇÀèÌ LTB,
LBA ãÖß LNW ÓêÂñàÁòÜÌÁòàÃÅïÃ ÔïñÖßØ×ñàÃ 0.65 Øà 0.98.

ÄàÀÏíÌÀàÌÅëÀÅàÂ´ÃÌ¸ ÅßãÈÃåØòâØèÌ×ñà ÀàÌÂèÈâÖìÜÀ ãÖß ÎèÍÎîÃåØòãÓñÚï ÓêÜàÇîÀàÌ
ÌçàåÆòË¯Çà×ÌàÌÁ¹ÌäÈÇÀíÃÌ´Ì âÎèÌÅªÃË¯âÝèÈæÈòÇàÀâÌ²ÜÃÄàÀÓêÂñàÀàÌÊñàÇËÜÈËàÃÀçà
ÓßÑèÌË¯Éçñà (0.03). ÀàÌÂèÈâÖìÜÀäÈÇËàÃÜòÜÓ âÆ¨Ì: ÂèÈâÖìÜÀåØò Ñ¡-ãÓñÑèÌ ÓêÖèÀÅßÌß
ÑàÇÌÜÀ (Áà, Á§ÉêÌ ãÖß âÉ¿àÌíÓ) Ë¯âÚàßÅíÓ æÎÑòÜÓƒ ÀèÍÀàÌÎèÍÎîÃÅßÑàÍã×ÈÖòÜÓ
ÄßÅàÓàÈâÝèÈåØòÜàÇîÀàÌÌçàåÆò ãÖß ÀàÌåØòÏíÌÏßÖéÈÉßÛÜÈÆ³×ÜàÇî ÁÜÃãÓñÚïâÑ¸Ó
Á¹ÌæÈò.

1ÅïÌÂíòÌÂò×à ÀàÌÖòÞÃÅèÈ, ÅÂÀÅ
2ÓßØà×éËßÇàæÖ ÄîÖàÖíÃÀÜÌ
3ÅßÊàÍèÌ ÂíòÌÂò×à ÀßÅéÀçà ãÖß ÎñàæÓò
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Genetic Analysis of Sows Longevity and Lifetime
Productivity in Purebred Swine Herd

 S . Keonouchanh1 , C. Reodaecha2, Dr. B. Bouahom3

Abstract

Reproductive traits and on farm performance test record of Duroc, Landrace and Large
White sows which were grandparents stock of boars and sows of Nongteng Pig Station.
There are 441 sows (3.942 records) which were culled during 1991 to 2001. The sows
include must have had at least one farrowing record and two piglets weaned. Genetic
parameters for true longevity (TL), functional longevity (FL), lifetime total born (LTB),
lifetime born alive (LBA), and lifetime number of piglets weaned (LNW) were analyzed
using restricted maximum livelihood (REML) based on multiple traits animal model.
Heritability estimates for FL and TL were similar at 0.03. Heritability for LTB, LBA,
and LNB were estimated to be 0.16, 0.20, and 0.13, respectively. The genetic correlation
estimates between longevities and lifetime productivities ranged from 0.37 to 0.65. The
phenotypic correlation between longevities and lifetime productivities were from -0.04
to 0.05. High genetic and phenotypic correlation among LTB,LBA, and LNW were
found from 0.65 to 0.98. Small to zero genetic progress would be result from selection
for TL and FL due to low heritability of the traits. Indirect selection of other  conformation
traits related to health, stature, and reproduction such as legs, feet, and udders as well
as improving environmental condition might be more effective in improving sows longevity
and lifetime productivity.

Key words: Genetic parameter/ Longevity/ Lifetime productivity/ Sow

1Livestock Research Center, LRC, NAFRI
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ÍíÈÌçà
ÀàÌÖòÞÃÅèÈâÎèÌÅéÌÂòà äÈÇÅßâÑàßÀàÌ
ÖòÞÃÚï ÜàÇîÀàÌÌçàåÆò (longevity) ÁÜÃÐïÃ
Ñ¡-ãÓñÑèÌ âÎèÌÖèÀÅßÌßË¯ÓêÂ×àÓÅçàÂèÌ
åÌËàÃâÅÈÊßÀéÈ ãÖß âÎèÌÖèÀÅßÌßË¯Ïïò
Ö òÞÃ ÓêÂ×àÓÉòÜÃÀàÌâÎèÌÔñàÃÅïÃâÌ²ÜÃ
ÄàÀÓêÏ íÌÀßËíÍäÈÇÀíÃÉ ¡ÖàÇÝèÍ ãÖß
ÏíÌÀçàæÖÁÜÃÒàÓ.

ÖèÀÅßÌßÅçàÂèÌ Ë¯åÆòâÎèÌäÉÆ¸×èÈ ÁÜÃ
ÜàÇîÀàÌÌçàåÆ ò  ÎßÀÜÍÈò×ÇÖèÀÅßÌß
ÀàÌåØòÏíÌÏßÖéÈÉßÛÜÈÆ³×ÜàÇî (lifetime
productivity trait) ÆëñÃÚàÇâÊéÃÄáÌ×ÌÖïÀ
ËèÃÚíÈ Ë¯ãÓñÚïäÉÌ´ÌÏßÖéÈæÈòåÌÁßÌßË¯
ÓêÆê×éÈ äÈÇâÖ¸ÓãÉñâÀêÈÄíÌâÊéÃÉàÇ Ûì ÊìÀ
ÂèÈÜÜÀÄàÀÐïÃ Æë ñÃÅàÓàÈÂéÈæÖñâÎèÌÄçà
Ì×ÌÖïÀâÀêÈËèÃÚíÈ, ÄçàÌ×ÌÖïÀâÀêÈÓêÆê
×éÈ Ûì ÄçàÌ×ÌÖïÀÔñàÌíÓ (Lucia et al.,
1999). Åñ×ÌÜêÀÖèÀÅßÌß æÈòãÀñÀàÌÓêÆê
×éÈË¯ÇìÌÇà× åÌÀàÌåØòÏíÌÏßÖéÈ (length
of productive life trait) ÚàÇâÊéÃÄçàÌ×ÌÓìò
Ë ¯ãÓñÚïåØ òÏ íÌÏßÖéÈÔï ñåÌÒàÓ äÈÇÄß
âÖ¸ÓÌèÍÄàÀÓºË¯ãÓñÚïäÉÌ´Ì åØòÖïÀÂÜÀ
ËçàÜéÈ ÄíÌâÊéÃÉàÇ Û ì ÊìÀÂèÈÜÜÀÄàÀÐïÃ
(Yasdi Et  al., 2000). ÊòàØàÀ×ñà ãÓñÚïÓê
ÜàÇ îÀàÌÌçàåÆ òË ¯Çà×ÌàÌ ãÓñÌÅ ªÃÅß
ËòÜÌåØòâØèÌâÊéÃÂ×àÓÅàÓàÈÁÜÃÅèÈ åÌ
ÀàÌÈçàÖíÃÆêÍ ãÖß Í¡ÊìÀÂèÈÜÜÀÄàÀÐïÃ
âÌ²ÜÃÄàÀÍèÌØàËàÃÈòàÌÅîÁßÑàÍ ãÖß
ÀàÌÁßØÇàÇÑèÌ. ÜàÇîÀàÌÌçàåÆòË¯âÑ¸Ó
Á¹Ì ÄßÆñ×ÇÛîÈÏñÜÌÓïÌÂñàÀàÌÆºãÓñÑèÌ
âÁ¿àËíÈãËÌ (replacement female), âÝèÈåØò
ÂñàÅßâÖ¨ÞÁÜÃÀàÌåØòÏíÌÏßÖéÈÉßÛÜÈ

Æ³×ÜàÇîÑàÇåÌÒàÓâÑ¸ÓÅïÃÁ¹Ì. åÌËàÃÀíÃ
ÀèÌÁòàÓ ÊòàÜàÇîÀàÌÌçàåÆòÅ´ÌÖíÃ Ûì Éç ñà
À×ñàâÀÌË¯ÀçàÌíÈæ×ò Àñ çÜàÈÄßÅ³ÃÏíÌåØò
Â×àÓÀòà×ÙòàåÌÀàÌÂèÈâÖìÜÀ ãÖß ÎèÍ
ÎîÃÖèÀÅßÌßÜ²Ìƒ Éç ñàÖíÃâÆ¨ÌÀèÌ.

âÑàßÅßÌ´Ì ÀñÜÌË¯ÄßËçàÀàÌÂèÈâÖìÜÀ Ûì
Î èÍÎîÃÖèÀÅßÌßË¯Ó êÂ×àÓÅçàÂèÌåÌËàÃ
âÅÈÊßÀéÈ ÁÜÃÅèÈÖòÞÃÎßâÑÈåÈÙ±Ã äÈÇ
ÓêÄîÈÎßÅíÃ âÑ²ÜÌçàâÜíàÖèÀÅßÌßÈ¨ÃÀñà×
âÁ¿àåÌãÏÌÀàÌÂèÈâÖìÜÀ ãÖß ÎèÍÎîÃÑèÌ,
ÅªÃË¯Â×ÌÄßÑéÄàÖßÌàâÎèÌÎßâÈèÌËçàÜéÈ
ÀçñÂì ÂñàÑàÕàÓéâÉêËàÃÀçàÓßÑèÌ (genetic
parameters) Æë ñÃæÈòãÀñÂñàÜèÈÉàÀàÌÊñàÇ
ËÜÈËàÃÀçàÓßÑèÌ (heritability,h2), Âñà
Â×àÓÅçàÑèÌËàÃÀçàÓßÑèÌ ãÖß ÂñàÂ×àÓ
ÅçàÑèÌËàÃÖèÀÅßÌßÑàÇÌÜÀ (genetic
and phenotypic correlation) ãÖß ÂîÌÂñà
ËàÃÈòàÌÀàÌÎßÅíÓÑèÌ (breeding value).

âÌ ²ÜÃÄàÀÖèÀÅßÌßË¯Å çàÂ èÌåÌËàÃâÅÈ
ÊßÀéÈ Åñ×ÌåØÇñâÎèÌÖèÀÅßÌßËàÃÈòàÌ
ÎßÖéÓàÌ, ÊìÀÂ×ÍÂîÓäÈÇÔêÌÛàÇÂïñ ãÖß
ÅßÑàÍã×ÈÖòÜÓÓêÜéÈËéÑíÌÁòÜÌÁòàÃÅïÃ,
Â×àÓÈêâÈ¨Ì ÁÜÃÑ¡ãÓñ Ë¯âÎèÌÏíÌâÌ²ÜÃÓà
ÄàÀÀçàÓßÑèÌâË³àÌ´Ì Ë¯ÅàÓàÈÊñàÇËÜÈ
æÈò. È¨ÃÌ´Ì åÌãÏÌÀàÌÎèÍÎîÃÑèÌ (bree-
ding program)  Á§ÓïÌÁÜÃ Ñ¡-ãÓñ ÑèÌ ËîÀäÉ
ÄßÊìÀåÆòâÁ¿àåÌÀàÌÎßâÓêÌÂñàÁÜÃÜàÇî
ÀàÌÌçàåÆò, âÑàß×ñàÑ¡ãÓñÑèÌ ãÉñÖßäÉ Óê
Åñ×ÌÝñ×ÓåÌÀàÌÀßÄàÇ ãÖß âÑ¸ÓÂîÌÂñà
ÀàÌÎßÅíÓÑèÌ Ûì ÜéÈËéÑíÌËàÃÀçàÓßÑèÌ
ãÍÍÍ×ÀÅßÅíÓ (additive genetic effect)
åØòãÀñÖïÀÛàÌÑàÇåÌÐïÃ ÆëñÃÄßâÝèÈåØòÅà
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ÓàÈÂèÈâÖìÜÀãÓñÚï äÉË¯ÓêÎßÅéÈËéÑàÍ
ËàÃÀçàÓßÑèÌË¯ÅïÃÅîÈ æÈòÔñàÃâÚàßÅíÓ.

ÄîÈÎßÅíÃÁÜÃÀàÌÅëÀÅàÓêÂì:

1. ÅíÓËÞÍÂ×àÓãÉÀÉñàÃËàÃÈòàÌ ÖèÀÅß
ÌßÜàÇîÀàÌåÆòÃàÌ ÁÜÃãÓñÚïÑèÌãËò 3
ÅàÇÑèÌ Âì: ÑèÌÈïÕóÜÀ, ÑèÌÖàÈÆß×àÇ
ãÖß ÑèÌãÖÌâÈÕÅ.

2. ÅëÀÅàÎèÈåÄåÌÈòàÌÉñàÃƒ Ë¯ÓêÏíÌÉ¡Üà
ÇîÀàÌÌçàåÆò ÁÜÃãÓñÚï 3 ÅàÇÑèÌ.

3. ÎßâÓêÌÂñàÑàÕàÓéâÉêËàÃÀçàÓßÑèÌæÈò
ãÀñ: Â ñàÜ èÈÉàÀàÌÊñàÇËÜÈËàÃÀçàÓß
ÑèÌ, ÂñàÂ×àÓÅçàÑèÌËàÃÀçàÓßÑèÌ ãÖß
ÂñàÂ×àÓÅçàÑ èÌËàÃÖèÀÅßÌßÑàÇÌÜÀ
ÖßØ×ñàÃ ÖèÀÅßÌßË¯æÈòÓêÀàÌÅëÀÅà.

ÀàÌÂ¿ÌÂò×àË¯À ñÞ×ÁòÜÃ (Review
literature)

1. ÜàÇîÀàÌÌçàåÆòË ¯ãËòÄ éÃ (true
longevity)

ÄàÀÍíÈÖàÇÃàÌÁÜÃ Ringmar  ãÖß
Jonsson (1996) Ë ¯æÈ òÅ ëÀÅàÜàÇîÀàÌ
ÌçàåÆòË¯ãËòÄéÃÁÜÃÚï ÑèÌÖàÈÆß×àÇ ãÖß
ÑèÌãÖÌâÈÕÅ Ë¯ÎßâËÈÅß×êâÈèÌ ÑíÍ×ñà Óê
ÂñàÅßâÖèñÞâËíñàÀèÍ 1,164 ± 463 ãÖß 1.135
± 480 Óìò ÉàÓÖçàÈèÍ, Åñ×Ì Adamec ãÖß
Johnson (1997) åÌÀàÌÅëÀÅàåÌÚïÑèÌ
ÖàÈÆß×àÇ ãÖß ÑèÌãÖÌâÈÕÅ âÆè ñÌÀèÌ
Ëê ñÎßâËÈãÓÀÆêäÀ äÈÇÓêÂñàÅßâÖè ñÞâËí ñà
ÀèÍ 1.112 Óì ò, ÅçàÖèÍåÌÚïÑèÌÖïÀÎßÅíÓ.

Koketsu ãÖß ÂßÌß (1999) ÖàÇÃàÌ×ñà
ÓêÂñàÅßâÖèñÞâËíñàÀèÍ 1.138 ± 439 Óìò.

2. ÜàÇîÀàÌÌçàåÆò ËêñåØòÏíÌÏßÖéÈ
(functional longevity)

ÀàÌÂíòÌÂò×àÀñÞ×ÀèÍÜàÇîÀàÌÌçàåÆò Ëê ñåØò
ÏíÌÏßÖéÈ âØèÌ×ñàÓêÙòÜÇ åÌÚïÑèÌÖïÀÎß
ÅíÓ (cross bred) ÓêÂñàÅßâÖèñÞâËíñàÀèÍ 730
Óìò (Dijkhuizen et al., 1989). ÖàÇÃàÌ ÁÜÃ
Lucia ãÖß ÂßÌß (2000) âÖêòÓÂéÈæÖñ ÄàÀ
Óìò ËêãÓñÚïÊìÀÄèÈâÁíòàÐîÃÄíÌâÊéÃÂèÈÜÜÀ Óê
ÂñàâËí ñàÀèÍ 582.7 Óì ò. Åñ×ÌÖàÇÃàÌÁÜÃ
Yazdi ãÖß ÂßÌß (2000) ËêñÅëÀÅàåÌÚïÑèÌ
ãÖÌâÈÕÅ ÓêÂñàâËí ñàÀèÍ 617 Óì ò äÈÇÌèÍ
ÄàÀÓìòËêñãÓñÚïåØòÖïÀâËìñÜËçàÜéÈ ÄíÌâÊéÃÂèÈ
ÜÜÀÄàÀÐîÃ.

3. ÀàÌåØòÏíÌÏßÖéÈ ÉßÛÜÈÆíñ×
ÜàÇî (lifetime productivity) æÈòãÀñ:

ÄçàÌ×ÌÖïÀâÀêÈËèÃÚíÈ, ÄçàÌ×ÌÖïÀâÀêÈÓê
Æê×éÈ ãÖß ÄçàÌ×ÌÖïÀÔñàÌíÓ. Lucia ãÖß
ÂßÌß (2000) æÈòÅëÀÅàÀàÌåØòÏíÌÏßÖéÈ
ÉßÛÜÈÆ³×ÜàÇîÆë ñÃÎßÀÜÍÈò×Ç ÄçàÌ×Ì
ÖïÀâÀêÈËèÃÚíÈ, Ä çàÌ×ÌÖïÀâÀêÈÓêÆ ê× éÈ
ãÖß ÄçàÌ×ÌÖïÀÔñàÌíÓ åÌãÓñÚïÖïÀÎßÅíÓ
ÓêÂñàâËíñàÀèÍ 45,41.3 ãÖß35.9 äÉ ÉàÓ
ÖçàÈèÍ. Koketsu ãÖß ÂßÌß (1999) æÈò
ÅëÀÅàåÌãÓñÚïÖïÀÎßÅíÓâÆ¨ÌÀèÌ ãÉñÅëÀ
ÅàÅßâÑàßÄçàÌ×ÌÖïÀËê ñâÀêÈÓêÆê× éÈ Éß
ÛÜÈÆíñ×ÜàÇî ÓêÂñàâËíñàÀèÍ 67.2 ± 34.1 äÉ,
Young ãÖß ÂßÌß (1986) ÖàÇÃàÌÄçà
Ì×ÌÖïÀËê ñâÀêÈÓêÆê×éÈ ÉßÛÜÈÆíñ×ÜàÇîåÌ
ãÓñÚïÑèÌãÖÌâÈÕÅ âËíñàÀèÍ 48.32 äÉ.
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4. ÜéÈËéÑíÌÁÜÃÎèÈåÄËêñÀñÞ×ÁòÜÃÀèÍ
ÖèÀÅßÌßËêñÅëÀÅà

ÄàÀÖàÇÃàÌË¯æÈ òÓ êÀàÌÅ ëÀÅàâØ èÌ× ñà
ÏßÖéÈÉßÑàÍ ÁÜÃãÓñÚï Á¹ÌÔïñÀèÍÛàÇÎèÈ
åÄ âÆ¨Ì: Îê-ÖßÈïÀàÌ, ÑèÌÚï, ÖçàÈèÍÆÜÀ
âÀêÈ,ÄçàÌ×ÌÓºË¯ÈïÈÌíÓ ãÖß æÖÇßâ×Öà
ãÉñÔ ñàÌ íÓâÊ éÃæÈ òÝ èÍÀàÌÏßÅíÓÑ èÌÉ éÈ
âÎèÌÉ¿Ì (ÄèÌÄßÖèÈ ãÖß ÂßÌß, 2000; Yu
et al., 1987; Ku Navongkrit et al., 1989;
Tantasuparuk, 2000). ÌÜÀÄàÀÎèÈåÄË¯
æÈòÀñà×ÓàÁòàÃâËêÃÌ¸ãÖò× ÇèÃæÈòÓêÀàÌÅëÀ
ÅàÀñÞ×ÀèÍÏíÌÁÜÃÜàÇî âÓ²ÜÎßÅíÓÑèÌÉéÈ
âË²ÜËçàÜéÈ, ÜàÇîâÓ²ÜâÀêÈÖïÀâË²ÜËçàÜéÈ,
ÜèÈÉàÀàÌÄßâÖêÌâÉêÍäÉ ãÖß Â×àÓÙà
ÁÜÃæÁÓèÌÅèÌÛèÃ Ë¯ÓêÏíÌÉ¡ÜàÇîÀàÌÌçàåÆò
ãÖß ÀàÌåØòÏíÌÏßÖéÈåÌæÖÇßË¯ÓêÆê×éÈ
ÁÜÃãÓñÚï (Gaughan et al.,1995; Shukken
et al.,1994; LopezSerrano et al., 2000).

ÜîÎßÀÜÌ ãÖß ×éËêÀàÌ

1. ãÛñÃÁçòÓïÌ

Á§ÓïÌË¯åÆòåÌÀàÌÅëÀÅàÂ´ÃÌê ò  âÎ èÌÁ§Ó ïÌ
ÁÜÃÐïÃ Îïñ-ÇñàÑèÌãËò (GGP) 3 ÑèÌ Âì: ÑèÌ
ÈïÕ óÜÀ, ÑèÌÖàÈÆß×àÇ ãÖß ÑèÌãÖÌ
âÈÕÅ Ë¯ÊìÀÂèÈÜÜÀÄàÀÐïÃÉ´ÃãÉñÎê 1991
2001 Ö×ÓËèÃÚíÈ 441 ãÓñ ÄçàÌ×Ì 3.942
Á§ÓïÌ. ÑèÌÈïÕóÜÀ âÎèÌÅàÇÑèÌÄàÀÎßâËÈ
ÀàÌàÈà, ÑèÌÖàÈÆß×àÇ âÎèÌÅàÇÑèÌ
ÄàÀÎßâËÈÜèÃÀéÈ, ÀàÌàÈà ãÖß ÎßâËÈ
æÜãÖÌ, ÑèÌãÖÌâÈÕÅ âÎèÌÅàÇÑèÌ ÄàÀ
ÎßâËÈæÜãÖÌ, ÀàÌàÈà ãÖß ÎßâËÈ

ÌÜÀã×. ÚïãÓñÑèÌËîÀäÉË¯ÌçàÓàÅëÀÅà
Â´ÃÌ¸ æÈòÏñàÌÀàÌÂèÈâÖìÜÀ ãÖß ËíÈÅÜÍ
ÑèÌÉàÓÁ´ÌÉÜÌ Âì: âÖìÜÀãÓñÚïâÁ¿àËíÈ
ÅÜÍâÎèÌÖàÇäÉ äÈÇâÍê ñÃÁ§ÓïÌÎßØ×èÈ
ÑèÌ (pedigree) Í×ÀÀèÍÝïÍÝñàÃ ÖèÀÅßÌß
ÑàÇÌÜÀË¯ÀíÃÀèÍÖèÀÅßÌßÎßÄáÑèÌ. âÓ²Ü
ÚïÓêÜàÇî 89 ÜàËéÈ ÄßâÖ¯ÓÂèÈâÖìÜÀ äÈÇ
ÂèÈÄàÀãÓñË¯ÓêÄçàÌ×ÌÖïÀÔñàÌíÓÔñàÃÉçñà 8
äÉÁ¹ÌæÎ, ÓêâÉ¿àÌíÓÍ¡ÉçñàÀ×ñà 14 âÉ¿à (Åçà
ÖèÍÑèÌÈïÕóÜÀ Í¡ÉçñàÀ×ñà 12 âÉ¿à), ÓêÝïÍÝñàÃ
ÑàÇÌÜÀË¯ÄßãÄòÃ âÆ¨Ì ÅßäÑÀåØÇñ, Áà
ãÖß âÖèÍ ãÁÃãÝÃ. âÓ²ÜÚïÓêÌçòàÙèÀ 30 Àé
äÖÀÖàÓ Ûì ÓêÜàÇî 12 ÜàËéÈ ÄßâÖ¸ÓÉ¿Ì
ËíÈÅÜÍ ãÖß ÔîÈÀàÌËíÈÅÜÍ âÓ²ÜãÓñÚï
ÓêÌçòàÙèÀ 90 ÀéäÖÀÖàÓ. åÌÖßÇßÈ¨ÃÀñà×
Äß× èÈãËÀÂ×àÓÙàÁÜÃæÁÓèÌÅ èÌÛ èÃ
äÈÇãËÀÄàÀ 2 ÄîÈ Âì: Ë¯ P1 (ÀßÈïÀÁòàÃ
ÂïñÅîÈËòàÇ) ãÖß P2 (ÅßäÑÀ), ËèÃ 2 ÄîÈ
ØñàÃÄàÀâÅ´ÌÀàÃÀßÈïÀÅèÌÛèÃ 4.5 ÆèÃÉê
ãÓèÈ. ÄàÀÌ´ÌâÜíàËèÃÅÜÃÄîÈ ÓàØàÌÀèÌ
âÎèÌÂñàÅßâÖ¨ÞÁÜÃÂ×àÓÙàæÁÓèÌÅèÌÛèÃ.
ÅçàÖèÍÜèÈÉàÀàÌÄßâÖêÌâÉêÍäÉÅßâÖ¨ÞÉ¡Óº
ãÓñÌÂéÈæÖñÉàÓÅïÈ ÖîñÓÌ¸:

ÜèÈÉàÀàÌÄßâÖêÌâÉêÍäÉÅßâÖè ñÞÉç ñÓì ò=Ìç òà
ÙèÀâÓìñÜÅéòÌÅîÈÀàÌËíÈÅÜÍ - ÌçòàÙèÀ âÓìñÜ
ÅéòÌÅîÈÀàÌËíÈÅÜÍ ÷ ÄçàÌ×ÌÓìòËêñÖòÞÃ ËíÈ
ÅÜÍ.

2. ÀàÌ×éâÂàßÁçòÓïÌ

åÌÀàÌÅëÀÅàÂèòÃÌê òåÆòäÎÕãÀÓÅçàâÖèÈÝïÍ
SAS for windows (Statistical Analysis
System, 1998) äÈÇâÍìòÜÃÉíòÌåÆòÂçàÅèñÃ
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PROC UNIVARIATE âÑì ñÜÀ×ÈÅÜÍ×ñà
Áç òÓïÌËê ñæÈòÝèÍÌè òÌ ÓêÀàÌÀßÄàÇãÍÍÎíÀ
ÀßÉé (normal distribution). ÄàÀÌèòÌ ×éâÂàß
ØàÎèÈåÄËê ñÓêÜéÈËéÑíÌÉç ñÖèÀÅßÌßËê ñÅëÀÅà

3. ÀàÌÎßâÓêÌÂñàÑì òÌÊàÌ ËàÃ
ÀçàÓßÑèÌ (Estimation of Genetic
Parameters)

3.1. ÀàÌ×éâÂàßÜíÃÎßÀÜÍ ÁÜÃ
Â×àÓÏèÌãÎ ãÖß Â×àÓÏèÌãÎÝñ×Ó

ÀàÌ×éâÂàßÜíÃÎßÀÜÍÂ×àÓÏèÌãÎ ãÖß
Â×àÓÏèÌãÎÝñ×Ó ÁÜÃÖèÀÅßÌßË¯ÅëÀÅà
äÈÇÓêÄîÈÎßÅíÃâÑ²ÜÄßÌáâÜíàæÎÎßâÓêÌ
ØàÂñàÜèÈÉàÀàÌÊñàÇËÜÈËàÃÀçàÓßÑèÌ,
ÂñàÂ×àÓÅçàÑèÌËàÃÀçàÓßÑèÌ ãÖß Âñà
Â×àÓÅçàÑèÌËàÃÖèÀÅßÌßÑàÇÌÜÀ Æë ñÃ
ÀàÌ×éâÂàßÜíÃÎßÀÜÍÂ×àÓÏèÌãÎ ãÖß
Â×àÓÏèÌãÎÝñ×ÓÂ´ÃÌ¸ åÆò×éËê Restricted
Maximum Likelihood (REML) åÌäÎÕ
ãÀÓÅçàâÖèÈÝïÍ REML F90  (Misztal,
2001), ×éâÂàßÂ´ÃÖß 4 ÖèÀÅßÌß ÑòÜÓÀèÌ
äÈÇåÆòãÍÍØî ñÌÎßÅíÓÄàÀÛàÇÖèÀÅßÌß
(Multiple Traits Mixed Model). Åà
âØÈË¯×éâÂàßÂ´ÃÖßÛàÇÖèÀÅßÌßÑòÜÓÀèÌ

ÌèòÌ ÎßÀàÌËçàÜéÈ Âì: ÄçàÌ×ÌÁ§ÓïÌÓêÍ¡âË³à
ÀèÌ missing record, ÎßÀàÌËêÅÜÃ: åÆò
Á §Ó ïÌÄàÀÖèÀÅßÌßË¯Ó êÂ×àÓÅçàÑèÌÀèÌ
âÁòíà×éâÂàßÑòÜÓÀèÌ ÄßâÝèÈåØòÀàÌÎßâÓêÌ
Óê ÜßÂßÉé (bias) ÉçñàÀ×ñà ãÖß ÓêÂ×àÓÊìÀ
ÉòÜÃÛàÇÀ×ñàÀàÌ×éâÂàßâË²ÜÖßÖèÀÅß
Ìß (Meyer, 1991).

3.2. ÀàÌÎßâÓêÌÂñà ÜèÈÉàÀàÌÊñàÇ
ËÜÈËàÃÀçàÓßÑèÌ

ÀàÌÎßâÓêÌÂñàÜèÈÉàÀàÌÊñàÇËÜÈËàÃ
ÀçàÓßÑèÌ ÄßÉòÜÃåÆòÂñàÂ×àÓÏèÌãÎÁÜÃ
ÜçàÌàÈÔêÌãÍÍÍ×ÀÅßÅíÓ (σσσσσa

2) ãÖßÂñà
Â×àÓÏèÌãÎ âÌì ñÜÃÄàÀÅßÑàÍã×ÈÖòÜÓ
(σσσσσe

2) ËêñÂéÈæÖñæÈò ÄàÀÀàÌ×éâÂàßØàÜíÃ
ÎßÀÜÍÂ×àÓÏèÌãÎåÌÁç òâËêÃ äÈÇÓêÅïÈ
ËêñåÆòÂéÈæÖñ ÈèñÃÌêò:

h2 = σσσσσe
2 / σσσσσe

2 + σσσσσe
2

À. ãÍÍÝîñÌ×éâÂàß Ö×ÓËèÃ 3 ÅàÇÑèÌ

Yijkl =  m + Bri + Pj + YSk + b1 (AGEFF)ijkl + b2 (ADG)ijkl + b3 (BF)ijlk + Al + eijkl

Á. ãÍÍØîñÌ×éâÂàß ãÇÀãÉñÖßÑèÌ

 Yijkl = m + Pj + YSk + b1 (AGEFF)ijkl + b2 (ADG)ijkl + b3 (BF)ijlk + Al + eijkl

äÈÇÅßâÑàßÎèÈåÄÅîñÓ (random effect)
ãÖß ÎèÈåÄËêñÓêÎßÉéÀéÖéÇàÉçñÀèÌ (interac-
tion effect) äÈÇåÆòÂçàÅèñÃ PROC GLM
åÌäÎÕãÀÓ SAS âÆè ñÌÀèÌ Æë ñÃÓêãÍÍØîñÌ
(model) åÌÀàÌ×éâÂàß ÈèñÃÌêò:
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3.3. ÀàÌÎßâÓêÌ ÂñàÂ×àÓÅàçÑèÌ
ËàÃÀçàÓßÑèÌ ãÖß ÂñàÂ×àÓÅçàÑèÌ
ËàÃÖèÀÅßÌßÑàÇÌÜÀ

ÄàÀÂñàÜ íÃÎßÀÜÍÂ×àÓÏèÌãÎ ãÖß
Â×àÓÏèÌãÎÝñ×Ó ËêñÂéÈæÖñæÈò ÄßÌçàÓàÂçà
Ì×ÌØàÂñàÂ×àÓÅçàÑèÌËàÃÀçàÓßÑèÌ ãÖß
ÂñàÂ×àÓÅçàÑ èÌËàÃÖèÀÅßÌßÑàÇÌÜÀ
ÄàÀÅïÈ ÖîñÓÌêò:

   rgg =   COVg1g2

  rp1p2 =  COVp1p2

ÏíÌæÈòÝèÍ
ÜàÇîÀàÌÌçàåÆòËêñãËòÄéÃ(true longevityTL),
ÄçàÌ×ÌÖïÀâÀêÈËèÃÚíÈ (LTB), ÄçàÌ×ÌÖïÀ
âÀêÈÓêÆê×éÈ (LBA) ãÖß ÄçàÌ×ÌÔñàÌíÓ
ËèÃÚíÈ ÉßÛÜÈÆíñ×ÜàÇî (LNW) åÌÚïÑèÌ
ÈïÕÜóÀ ÓêÂñàâËíñàÀèÍ 807.89 ± 29.52 Óìò
1207.27 ± 27.96 Óìò 47.83 ± 1.13 äÉ,
42.24 ± 1.00 äÉ ãÖß 36.51 ± 0.98 äÉ
ÉàÓÖçàÈèÍ. ÚïÑèÌãÖÌâÈÕÅ ÓêÂñàâËíñàÀèÍ
874.95 ± 20.98 Óìò 1254.52 ± 19.86 Óìò,
48.65 ± 0.80 äÉ, 43.20 ± 0.71 äÉ ãÖß

38.64 ± 0.69 äÉ ÉàÓÖçàÈèÍ ãÖß ÚïÑèÌ
ÖàÈÆß×àÇ ÓêÂñàâËíñàÀèÍ 883.58 ± 34.16
Óìò, 1262.83 ± 32.35 Óìò, 49.70 ± 1.30 Âì,
44.42 ± 1.15 äÉ ãÖß 38.80 ± 1.13 äÉ
ÉàÓÖçàÈèÍ ÈèñÃÅßãÈÃåÌ ÉàÉßÖàÃ 1.

2. ÎèÈåÄËêñÓêÜéÈËéÑíÌÉçñÖèÀÅßÌßËêñÅëÀÅà

ÀàÌ×éâÂàßÎèÈåÄË¯ÓêÜéÈËéÑíÌÉ¡ÖèÀÅßÌß
Ë¯ÅëÀÅàæÈòãÀñ: ÑèÌÚï, ÜèÌÈèÍÂÜÀâÓ²ÜÊìÀ
ÂèÈÜÜÀÄàÀÐïÃ ãÖß Îê-ÖßÈïÀàÌ Ë¯ãÓñÚï
åØòÖïÀâË²ÜËçàÜéÈ æÈòÀçàÌíÈåØòâÎèÌÎèÈåÄ
ÂíÃË¯ Æë ñÃâØèÌ×ñàÓêÜéÈËéÑíÌÉ¡ÖèÀÅßÌßË¯
ÅëÀÅà, ÅçàÖèÍÜàÇîâÓ²ÜãÓñÚïåØòÖïÀâË²ÜËçà
ÜéÈ, Ü èÈÉàÀàÌÄßâÖêÌâÉêÍäÉ/Óº ãÖß
Â×àÓÙàÁÜÃæÁÓèÌÅèÌÛèÃ âÓì ñÜÅé òÌÅîÈ
ÀàÌËíÈÅÜÍ ÀçàÌíÈåØòâÎèÌÂ×àÓÏèÌãÎ
Ýñ×Ó (Coveriates) ÆëñÃÓêÏíÌÉçñÖèÀÅßÌß TL
ãÖß LTB ÈèñÃÅßãÈÃåÌ ÉàÉßÖàÃ 2.

×éÄàÌÏíÌ
ÖèÀÅßÌßÜàÇîÀàÌÌçàåÆò Ëê ñåØòÏíÌÏßÖéÈ
(functional longevity) ÓêÂñàÅßâÖèñÞ Öß
Ø×ñàÃ 807.89 ± 29.52 Óìò ãÖß 883.58 ±
34.16 Óìò Æë ñÃÅïÃÀ×ñàÖàÇÃàÌ ËêñæÈòÓêÀàÌ
ÅëÀÅàÔï ñÉñàÃÎßâËÈ äÈÇÓêÂñàÅßâÖè ñÞâËí ñà
À èÍ  730 Óì ò ,  585 Óì ò  ãÖß  582.7 Óì ò
(Dijkhuizen et al.,1989 Yazdi et al.,
2000; Lucia et al., 2000). ÖèÀÅßÌßÜàÇî ÷
ÀàÌçàåÆòÉí×ÄéÃ (true longevity) ÓêÂñàÅß
âÖèñÞ ÔïñÖßØ×ñàÃ 1207.27 ± 27.96 Óìò ãÖß
1262.83 ± 32.59 Óìò ÓêÂñàåÀòÂÞÃÀèÍÖàÇ
ÃàÌÁÜÃ Ringmar ãÖß Jonsson (1996)
Ëê ñÅ ëÀÅà åÌÚïÑ èÌãÖÌâÈÕÅ ãÖß ÑèÌ
ÖàÈÆß×àÇ äÈÇÓêÂñàâËíñàÀèÍ 1135 Óìò

ÂàÂ×àÓÅçàÑèÌËàÃÀçàÓßÑèÌ

ÂñàÂ×àÓÅçàÑèÌËàÃÖèÀÅßÌßÑàÇÌÜÀ

21VgVg

21VgVgVp1Vp2
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ãÖß 1146 Óº. Adamec ãÖß Johnson
(1997) ÅëÀÅàåÌÚïÑèÌãÖÌâÈÕÅ ãÖß ÑèÌ
ÖàÈÆß×àÇ âÆ¨ÌÀèÌ ÓêÂñàâË³àÀèÍ 1112 Óº.
Koketsu ãÖß ÂßÌß (1999)  ÅëÀÅàåÌÚï
ÑèÌË¯ÏßÖéÈâÎèÌÀàÌÂñà (Commercial
herd) ÓêÂñàâË³àÀèÍ 1138 Óº.

ÀàÌÅëÀÅàåÌÂ´ÃÌ¸ ÓêÂñàÅïÃÀ×ñàÖàÇÃàÌ
ÁÜÃ Reima (1996) Ë¯ÅëÀÅàåÌÚïÑèÌãÖÌ
âÈÕÅ, ÑèÌÔÜÀâÆèÞ ãÖß ÖïÀÎßÅíÓ ÁÜÃ
ÅÜÃÅàÇÑèÌÈ¨ÃÀñà× äÈÇÓêÂñàâË³àÀèÍ 788
Óº, 847 Óº ãÖß 906 Óº ÉàÓÖáÈèÍ.Yazdi
ãÖß ÂßÌß (2000) ÅëÀÅàåÌÚïÑèÌãÖÌ
âÈÕÅ ÓêÂñàâË³àÀèÍ 970 Óº ãÖß Le cozle
ãÖß ÂßÌß (1998) ÅëÀÅà åÌÚïÖïÀÎßÅíÓ
ÖßØ×ñàÃ ÖàÈÆß×àÇ ãÖß  ãÖÌâÈÕÅ Óê
ÂñàâË³àÀèÍ 1009 Óº.

ÖèÀÅßÌßÄçàÌ×ÌÖïÀâÀêÈËèÃÚíÈ åÌÆ³×Üà
Çî (lifetime total born), ÄçàÌ×ÌÖïÀâÀêÈÓê
Æê×éÈËèÃÚíÈåÌÆ³×ÜàÇî (lifetime bornalive)
ÄçàÌ×ÌÖïÀÔñàÌíÓËèÃÚíÈ åÌÆ³×ÜàÇî (life-
time number of weaning) ÓêÂñàåÀòÂÞÃÀèÍ
ÖàÇÃàÌ ÁÜÃ Lucia ãÖß ÂßÌß (2000)
ãÉñÓêÂñàÉçñàÀ×ñàÖàÇÃàÌÁÜÃ Slehar ãÖß
Kovac (1986); Le cozlez  ÑòÜÓÂßÌß
(1998) ãÖß Koketsu ÑòÜÓÂßÌß (1999).

ÜèÌÈèÍÆÜÀË¯ãÓñÚïÊìÀÂèÈÜÜÀÄàÀÐïÃ Óê
ÂñàÅßâÖ¨ÞâË³àÀèÍ 3.06 ÆÜÀ Æë ñÃÉç ñàÀ×ñà
ÖàÇÃàÌÁÜÃ Slehar ãÖß Kovac (1986);
Ringmar ãÖß Jonsson (1996); Reima
(1996) ãÖß Adamec ãÖß Johnson
(1997) Ë¯ÓêÂñàâË³àÀèÍ 3.94 ; 4.00 ; 4.39
ãÖß 3.86 ÆÜÀ ÉàÓÖçàÈèÍ.

ÅçàÖèÍÅàâØÈË¯ÑàåØòÓêÀàÌÂèÈãÓñÚïÜÜÀ
ÄàÀÐïÃ ãÓñÌâÌ²ÜÃÓàÄàÀÀàÌÅìÍÑèÌÉçñà,
ÏßÖéÈÉßÑàÍÉçñà,ÜàÇîÛàÇ, ÁàÍ¡ãÁÃãÝÃ
ãÖß âÎèÌÑßÇàÈ (Dagorn and Aumaitre,
1979; Slehar and Kovac,1986; Dijkhuizen
et al.,1989; Stein et al.,1990 ; Lucia et
Al.,1996 ; Ringmar and Jonsson,1996 ;
Koketsu et al.,1999; Morris, 2000).

âÎêâÆèÌÀàÌÂèÈÜÜÀÄàÀÐïÃ âÌ²ÜÃÄàÀÍèÌ
ØàËàÃÈòàÌÀàÌÅìÍÑèÌ åÌÚïÑèÌÈïÕÜóÀ,
ãÖÌâÈÕÅ ãÖß ÑèÌÖàÈÆß×àÇ ÓêÂñàâË³à
ÀèÍ 25.7%, 35.7% ãÖß 32.7% ÉàÓÖçà
ÈèÍ. ÂèÈÜÜÀâÌ²ÜÃÄàÀÓêÜàÇîÛàÇ ÓêÂñà
âË³àÀèÍ 22.9%, 10.4% ãÖß 17.3% ÉàÓ
ÖçàÈèÍ ãÖß ÊìÀÂèÈÜÜÀÇòÜÌÍèÌØàÜ²Ìƒ.

ÜàÇîâÓ²ÜåØòÖïÀâË²ÜËçàÜéÈÁÜÃãÓñÚï ÓêÂñà
Ôï ñåÌÆñ×ÃË¯âÚàßÅíÓ Âì: 356-369 Óº Æë ñÃ
ÅÜÈÂñÜÃÀèÍÀàÌÖàÇÃàÌÁÜÃ Le cozlez
(1998) Ë¯ÑíÍ×ñà ãÓñÚïåØòÖïÀâËìñÜËçàÜéÈ Ôïñ
ÖßØ×ñàÃ 350-370 Óº ÄßâÎèÌÀîñÓË¯ÓêÜàÇî
ÀàÌÌçàåÆòÅïÃÅîÈ.

ÂñàÜèÈÉàÀàÌÊñàÇËÜÈËàÃÀçàÓßÑèÌÁÜÃ
ÖèÀÅßÌßÜàÇîÀàÌÌçàåÆòË¯åØòÏ íÌÏßÖéÈ
ãÖß ÜàÇîÀàÌÌçàåÆòË¯ãËòÄéÃ ÓêÂñàâË³àÀèÍ
0.03 Æ ë ñ ÃÉ ç ñàÀ× ñàÖàÇÃàÌÁÜÃ Lopez-
Serrano  ãÖß ÂßÌß (2000) Ë¯ÓêÂñàâË³àÀèÍ
0.08. ÅàâØÈâÌ²ÜÃÄàÀÂ×àÓÏèÌãÎËàÃ
ÑèÌËîÀçàÁÜÃãÓñÚï, ÅßÑàÍã×ÈÖòÜÓãÖß
Â×àÓâÁ´ÓÁ î òÌåÌÀàÌÂèÈâÖ ìÜÀÉñàÃÀ èÌ
Ä ±ÃâÝ èÈåØ òÀàÌÊñàÇËÜÈËàÃÀ çàÓßÑèÌ
ÓêÂ×àÓãÉÀÉñàÃ. ÅçàÖèÍÂñàÂ×àÓÅçàÑèÌ
ËàÃÀçàÓßÑèÌÖßØ×ñàÃÖèÀÅßÌßÜàÇîÀàÌ
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ÌçàåÆò ãÖß ÄçàÌ×ÌÖïÀâÀêÈËèÃÚíÈ (LTB),
ÄçàÌ×ÌÖïÀâÀêÈÓêÆê×éÈ (LBA) ãÖß Äçà
Ì×ÌÖ ïÀÔ ñàÌ íÓË èÃÚ íÈÉßÛÜÈÆ ³×ÜàÇ î
(LNW) ÓêÂñà ÔïñÖßØ×ñàÃ 0.92 - 0.98 ÅÜÈ
ÂñÜÃÀèÍÖàÇÃàÌÁÜÃ Johansson ãÖß
Kennedy (1985); Roehe ãÖß Kennedy
(1995)  ãÖß Kim (2000)  Æ ë ñ ÃÓ êÂ ñàÔ ï ñ
ÖßØ×ñàÃ 0.25  0.97.

Á§ãÌßÌçà

ÖèÀÅßÌßÜàÇîÀàÌÌçàåÆò ãÖß ÀàÌåØòÏíÌ
ÏßÖéÈÁÜÃãÓñÚïæÈòÝèÍÜéÈËéÑíÌÄàÀ Îê-Öß
ÈïÀàÌ Ë¯ãÓñÚïåØòÖïÀâË²ÜËçàÜéÈ ãÖß ÜàÇî
ÁÜÃãÓñÚïâÓ²ÜåØòÖïÀâË²ÜËçàÜéÈ. È¨ÃÌ´Ì
Â×ÌÄèÈÀàÌåØòãÓñÚïâÀêÈÖïÀâË²ÜËçàÜéÈ
åÌÖßÈïÙà× ãÖß Â×ÌÓêÜàÇî âÓ²ÜåØòÖïÀ
Â´ÃËçàÜéÈÔïñÖßØ×ñàÃ 350-370 Óº ÄßâÚàß
ÅíÓË¯ÅîÈ. ÅçàÖèÍÂñàÜèÈÉàÀàÌÊñàÇËÜÈ
ËàÃÀçàÓßÑèÌ ÁÜÃÅÜÃÖèÀÅßÌßÈ¨ÃÀñà×
ÓêÂñàÁòÜÌÁòàÃÉçñà ÆëñÃÅßãÈÃåØòâØèÌ×ñà Åß
ÑàÍã×ÈÖòÜÓÓêÜéÈËéÑíÌÅïÃÉ¡ÖèÀÅßÌß È¨Ã
Àñà× ÊòàÄßÈçàâÌêÌÀàÌÂèÈâÖìÜÀ ãÖß ÎèÍ
ÎîÃ ËèÃÅÜÃÖèÀÅßÌßÌ¸äÈÇÀíÃ ãÓñÌÎßÉé
ÍèÈæÈòÇàÀ Ûì ÉòÜÃåÆòâ×ÖàÌàÌ. È¨ÃÌ´Ì
ÀàÌåÆò×éËêÂèÈâÖìÜÀÛàÇÖèÀÅßÌß Ûì åÆò
È èÈÅßÌêÀàÌÂèÈâÖìÜÀË¯âÚàßÅíÓÂÞÃÂï ñ
ÀèÍÀàÌÎèÍÎîÃÅßÑàÍã×ÈÖòÜÓ âÎèÌ×éËê
Ùë ñÃË¯ÄßâÝèÈåØòãÓñÚïÓêÜàÇîÀàÌÌçàåÆòË¯
Çà×ÌàÌ ãÖß åØòÏíÌÏßÖéÈÉßÛÜÈÆ³×
ÜàÇîË¯ÅïÃÅîÈæÈò.
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ÉàÉßÖàÃ 1: ÂñàÅßâÖèñÞÀçàÖèÃÅÜÃÌòòÜÇËêñÅîÈ (Least Square Means, LS)
ãÖß ÂñàÂ×àÓÂàÈâÂìñÜÌÓàÈÉßÊàÌ (SE) ÁÜÃÖèÀÅßÌßËêñÅëÀÅà

a, b = ÂñàÅßâÖèñÞËêñÓêäÉÜèÀÅÜÌÉñàÃÀèÌ ÓêÂñàãÉÀÉñàÃËàÃÅßËéÉé (P< 0.05)

ÍíÈãÌÍËòàÇ 1
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ÍíÈãÌÍËòàÇ 2

ÉàÉßÖàÃ 2: ÎèÈåÄË
êñÓ

êÜéÈË
éÑ

íÌÉçñÖèÀÅßÌßË
êñÅëÀÅà

N
s = p >

 0.05      * =
P<

 0.05     ** =
P <

 0.01     *** =
P<

 0.001
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ÍíÈãÌÍËòàÇ 3

ÉàÉßÖàÃ 3: ÂñàÅßâÖèñÞÎèÈåÄ ËêñÓêÜéÈËéÑíÌÉçñÖèÀÅßÌßËêñÅëÀÅà: ÜèÌÈèÍ 2 äÉ/Æ (ÆÜÀ)
âÓì ñÜÊìÀÂèÈÜÜÀ, ÜàÇîâÓì ñÜåØòÖïÀâËì ñÜËçàÜéÈ, ÜèÈÉàÀàÌÄßâÖêÌâÉêÍäÉÉç ñÓì ò  ãÖß
Â×àÓÙàÁÜÃæÁÓèÌÅèÌÛèÃ.

a,b , ab = ÂñàÅßâÖèñÞËêñÓêäÉÜèÀÅÜÌÉñàÃÀèÌ ÓêÂñàãÉÀÉñàÃËàÃÅßÅéÉé (P< 0.05 )
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ÉàÉßÖàÃ 4: ÂñàÜèÈÉàÀàÌÊñàÇËÜÈËàÃÀçàÓßÑèÌ (âÅè òÌÏñàÀàÃÓîÓ),
ÂñàÂ×àÓÅçàÑèÌËàÃÀçàÓßÑèÌ (âËêÃâÅèòÌÏñàÀàÃÓîÓ) ãÖß ÂñàÂ×àÓÅçàÑèÌ
ËàÃÖèÀÅßÌßÑàÇÌÜÀ (Öî ñÓâÅè òÌÏñàÀàÃÓîÓ) ÁÜÃÖèÀÅßÌßËêñÅëÀÅà

ÍíÈãÌÍËòàÇ 4


