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∫∑π”

 ¿“æÕ“°“»√âÕπ‡ªìπªí≠À“ ”§—≠ª√–°“√Àπ÷Ëß

∑’Ë¡’º≈°√–∑∫¥â“π≈∫µàÕ°“√„Àâº≈º≈‘µπÈ”π¡¢Õß‚§π¡

(Fuquay, 1981; Kadzere et al., 2002) À“°Õÿ≥À¿Ÿ¡‘¢Õß

 ¿“æ·«¥≈âÕ¡ Ÿß°«à“Õÿ≥À¿Ÿ¡‘∑’Ë‚§π¡ “¡“√∂¥”√ß™’«‘µ

‰¥âÕ¬à“ß ∫“¬ (comfort zone) ´÷Ëß¡’§à“Õ¬Ÿà„π™à«ß 4-24 ÌC

(Hahn, 1981) ‚§π¡®–µÕ∫ πÕß‚¥¬· ¥ßæƒµ‘°√√¡

‡æ◊ËÕ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¢Õß√à“ß°“¬„Àâ§ß∑’Ë ·≈–‡æ◊ËÕ√–∫“¬

§«“¡√âÕπ à«π‡°‘π∑’Ë – ¡¿“¬„π√à“ß°“¬ÕÕ°‰ª ‡™àπ

≈¥°“√‡¥‘π ‡¢â“æ—°„π√à¡‡ß“ ≈¥°“√°‘πÕ“À“√ ≈¥°“√

‡§’È¬«‡Õ◊ÈÕß ‡ªìπµâπ (Mitlohner et al., 2002; West et al.,

2003)  ”À√—∫º≈µÕ∫ πÕß∑“ß¥â“π √’√«‘∑¬“¡’°“√

∑”ß“π√à«¡°—π¢Õß√–∫∫ª√– “∑·≈–ŒÕ√å‚¡π ‚¥¬

‚§π¡®–‡æ‘Ë¡Õ—µ√“°“√À“¬„® ‡æ‘Ë¡Õ—µ√“°“√‡µâπ¢Õß

™’æ®√ √«¡∑—Èß‡æ‘Ë¡Õ—µ√“°“√¢—∫‡Àß◊ËÕ (Muller and Botha,

1994; Koatdoke, 2008) ́ ÷ËßÀ“°°√–∫«π°“√¥—ß°≈à“«¬—ß

‰¡à “¡“√∂√–∫“¬§«“¡√âÕπ à«π‡°‘πÕÕ°®“°√à“ß°“¬

‰¥â Õ“® àßº≈∑”„Àâ‚§π¡‡°‘¥§«“¡‡§√’¬¥‡π◊ËÕß®“°

§«“¡√âÕπ (heat stress) ·≈–‡ ’Ë¬ßµàÕ°“√≈¥≈ß¢Õß

ª√‘¡“≥πÈ”π¡ (West et al., 2003; Collier et al.,2006)

√«¡∑—ÈßÕ“®°√–∑∫µàÕ§«“¡ ¡∫Ÿ√≥åæ—π∏ÿå ·≈–π”¡“

´÷Ëßªí≠À“¥â“π ÿ¢¿“æ‰¥â (Jordan, 2003; Rensis and

Scaramuzzi, 2003) ´÷ËßÀ“° ¿“æÕ“°“»√âÕπ∑«’§«“¡

√ÿπ·√ß‡æ‘Ë¡¡“°¢÷ÈπÕ“®∑”„Àâ‚§π¡µ“¬‰¥â (Marcillac-

Embertson et al., 2009)

St. Pierre et al. (2003) √“¬ß“π«à“ Õ‘∑∏‘æ≈¢Õß

§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ àßº≈°√–∑∫µàÕ∏ÿ√°‘®

‚§π¡¢Õßª√–‡∑» À√—∞Õ‡¡√‘°“ª√–¡“≥ 897 ∂÷ß

1,500 ≈â“π‡À√’¬≠ À√—∞µàÕªï „π¢≥–∑’ËÀ≈“¬ª√–‡∑»

‡™àπ ∫√“´‘≈ π‘«´’·≈π¥å Õ‘ √“‡Õ≈ ·≈– À√—∞Õ‡¡√‘°“

∑”°“√»÷°…“«‘®—¬‡æ◊ËÕÀ“·π«∑“ß≈¥º≈°√–∑∫¢Õß

§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ∑’Ë¡’µàÕº≈º≈‘µ·≈–

 ÿ¢¿“æ ‡™àπ ¥—¥·ª≈ß‚√ß‡√◊Õπ„Àâ “¡“√∂√–∫“¬

§«“¡√âÕπ‰¥â¥’¬‘Ëß¢÷Èπ‚¥¬„™âæ—¥≈¡√–∫“¬Õ“°“»√à«¡°—∫

°“√æàπ≈–ÕÕßπÈ” √«¡∑—Èß‡æ‘Ë¡®ÿ¥„ÀâπÈ”·≈–√à¡‡ß“¿“¬„π

ø“√å¡ (Madalena et al., 1990; Bryant et al., 2007;

Berman, 2008; Marcillac-Embertson et al., 2009)  ”À√—∫

°“√®—¥°“√¥â“πÕ“À“√·≈–°“√„ÀâÕ“À“√¡’°“√æ—≤π“

 Ÿµ√Õ“À“√·≈–À√◊Õ„Àâ “√‡ √‘¡‡æ◊ËÕ≈¥°√–∫«π°“√

 √â“ß§«“¡√âÕπ„π¢≥–°‘π ¬àÕ¬·≈–¥Ÿ¥´÷¡Õ“À“√‚¥¬

‚§π¡¬—ß§ß‰¥â√—∫‚¿™π–‡æ’¬ßæÕµàÕ§«“¡µâÕß°“√

√«¡∂÷ß¡’°“√ª√—∫‡ª≈’Ë¬π™à«ß‡«≈“°“√ª≈àÕ¬‚§π¡·∑–

‡≈Á¡„π·ª≈ßÀ≠â“‡ªìπ™à«ß‡«≈“∑’Ë¡’Õ“°“»‡¬Áπ ‡ªìπµâπ

(Mader et al., 2002; Moore et al., 2005) ´÷Ëß«‘∏’°“√

∑—ÈßÀ¡¥∑’Ë°≈à“«¡“æ∫«à“¡’¢âÕ®”°—¥∫“ßª√–°“√ ‡™àπ

ß∫ª√–¡“≥≈ß∑ÿπ Ÿß Õ’°∑—ÈßµâÕßª√—∫‡ª≈’Ë¬π«‘∏’ªØ‘∫—µ‘

‰ªµ“¡ ¿“æÕ“°“»∑’Ë‡ª≈’Ë¬π‰ª®÷ß‰¡à “¡“√∂·°â‰¢

ªí≠À“§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ‰¥âÕ¬à“ß∂“«√

¥—ßπ—Èπ∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ë “¡“√∂·°â‰¢ªí≠À“¥—ß°≈à“«

‰¥â„π√–¬–¬“«·≈–„Àâº≈¬—Ë ß¬◊πµàÕ‚§π¡π—Ëπ§◊Õ

°“√§—¥‡≈◊Õ°‚§π¡∑’Ë¡’§«“¡ “¡“√∂∑“ßæ—π∏ÿ°√√¡∑’Ë¥’

¢Õß≈—°…≥–∑’Ë π„®¿“¬„µâ ¿“«–‡§√’¬¥‡π◊ËÕß®“°

§«“¡√âÕπ (heat tolerance)

ABSTRACT: The investigating of critical point of heat stress affecting milk production and genetic parameters
in crossbred Thai-Holstein dairy cattle using a total of 218,083 first-parity milk yield test-day records of 24,825
Thai-Holstein crossbred. The results showed that the impact of heat stress began at a temperature humidity index
(THI) of 75. The rate of decline of milk production was found when Holstein fraction level was more than 87.5%,
and highest when Holstein fraction level was more than 98%. Cow in the North East region had highest average milk
production loss (91.05 kg/head/year) compared to another region in Thailand. The heritability for test-day milk at
a THI of 75 was 0.17. Heritability for milk yield exhibited a slight increase from THI of 75 to 78 that is the highest
heritability (0.19) and tends to decline as THI increases after this point. Genetic correlation between regular and heat
stress effect was -0.21. This result indicated that selecting cows for high milk yield leads to an increase in heat
stressed cows. However, the genetic correlation from this study was low, therefore combine selection for milk
production and heat tolerance is possible in the breeding program.
Keywords: heat stress, milk, genetic parameter, crossbred Thai-Holstein
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Ravagnolo and Misztal (2000) ‡ πÕ«‘∏’°“√

ª√–‡¡‘πæ—π∏ÿ°√√¡¢Õß≈—°…≥–ª√‘¡“≥πÈ”π¡¿“¬„µâ

 ¿“«–‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ‚¥¬„™â¢âÕ¡Ÿ≈º≈º≈‘µ

πÈ”π¡„π«—π∑¥ Õ∫√à«¡°—∫¢âÕ¡Ÿ≈¥—™π’Õÿ≥À¿Ÿ¡‘·≈–

§«“¡™◊Èπ —¡æ—∑∏å (temperature humidity index; THI)

∑”°“√»÷°…“„π‚§π¡‚Œ ‰µπåæ—π∏ÿå·∑â¢Õß√—∞®Õ√å‡®’¬

ª√–‡∑» À√—∞Õ‡¡√‘°“ º≈°“√»÷°…“· ¥ß„Àâ‡ÀÁπ«à“

‡¡◊ËÕ§à“ THI  Ÿß¢÷Èπ∂÷ß®ÿ¥«‘°ƒµ‘À√◊Õ®ÿ¥‡√‘Ë¡µâπ¢Õß

°“√‡°‘¥§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ (critical or

threshold point of heat stress) æ∫«à“º≈º≈‘µπÈ”π¡

≈¥≈ßÕ¬à“ß√«¥‡√Á« µàÕ¡“ Bohmanova et al. (2005)

π”«‘∏’°“√π’È‰ªª√–¬ÿ°µå„™â°—∫¢âÕ¡Ÿ≈‚§π¡√–¥—∫™“µ‘¢Õß

ª√–‡∑» À√—∞Õ‡¡√‘°“ „π¢≥–∑’Ë Freitas et al. (2006)

»÷°…“Õ‘∑∏‘æ≈¢Õß§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ

‚¥¬æ‘®“√≥“·¬°µ“¡¿Ÿ¡‘¿“§µà“ßÊ ¢Õßª√–‡∑»

 À√—∞Õ‡¡√‘°“ º≈°“√»÷°…“™’È„Àâ‡ÀÁπ«à“°“√§—¥‡≈◊Õ°

æ—π∏ÿ°√√¡‚§π¡„πª√–™“°√¢π“¥„À≠à “¡“√∂∑”‰¥â

Õ¬à“ß‰√°Áµ“¡‚§π¡„π·µà≈–¿Ÿ¡‘¿“§¡’°“√µÕ∫ πÕß

µàÕ§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ∑’Ë·µ°µà“ß°—π

 ”À√—∫ª√–‡∑»‰∑¬‚§π¡ à«π„À≠à‡ªìπ‚§π¡

≈Ÿ°º ¡√–À«à“ß‚§µ√–°Ÿ≈Õ‘π‡¥’¬ (Bos indicus) ·≈–

‚§µ√–°Ÿ≈¬ÿ‚√ª (Bos taurus)  “¬æ—π∏ÿå‚Œ≈ ‰µπå ‚¥¬

¡’§ÿ≥≈—°…≥–¥â“π°“√„Àâº≈º≈‘µπÈ”π¡∑’Ë¥’·≈–¬—ß

 “¡“√∂ª√—∫µ—«‰¥â¥’„π ¿“æ°“√‡≈’È¬ß·≈– ¿“æÕ“°“»

¢Õßª√–‡∑»‰∑¬ (Reodecha, 2002; Buaban, 2005;

Chanvijit et al., 2005) „π¥â“π°“√ª√—∫ª√ÿßæ—π∏ÿå‚§π¡

æ∫«à“‡πâπª√—∫ª√ÿß≈—°…≥–°“√„Àâº≈º≈‘µπÈ”π¡‡ªìπ

À≈—° Õ¬à“ß‰√°Áµ“¡„π¢—ÈπµÕπ¢Õß°“√ª√–‡¡‘πæ—π∏ÿ°√√¡

„π≈—°…≥–¥—ß°≈à“«æ∫«à“¬—ß‰¡à¡’À≈—°°“√æ‘®“√≥“ª√—∫

ªí®®—¬‡π◊ËÕß®“° ¿“æÕ“°“»„π‚¡‡¥≈°“√ª√–¡“≥

§à“æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡Õ¬à“ß™—¥‡®π ·π«∑“ß

°“√»÷°…“·≈–°“√ªØ‘∫—µ‘„πªí®®ÿ∫—πªí®®—¬¥—ß°≈à“«∂Ÿ°

æ‘®“√≥“√«¡Õ¬Ÿà„π à«π¢ÕßΩŸß°“√®—¥°“√‚¥¬°”Àπ¥

‡ªìπÕ‘∑∏‘§ß∑’Ë (fixed effect) ®÷ß‡ªìπ‰ª‰¥â∑’Ë§à“ª√–¡“≥

æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡·≈–§à“°“√º ¡æ—π∏ÿå ”À√—∫

„™â§—¥‡≈◊Õ°‚§π¡„Àâ¡’§«“¡ “¡“√∂∑“ßæ—π∏ÿ°√√¡

°“√„Àâº≈º≈‘µπÈ”π¡¥’¿“¬„µâ ¿“«–‡§√’¬¥‡π◊ËÕß®“°

§«“¡√âÕπ¬—ß‰¡à∂Ÿ°µâÕß·≈–·¡àπ¬”‡∑à“∑’Ë§«√ ¥—ßπ—Èπ

‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√§—¥‡≈◊Õ°‚§π¡„Àâ¡’§«“¡

 “¡“√∂∑“ßæ—π∏ÿ°√√¡¢Õß≈—°…≥–ª√‘¡“≥πÈ”π¡∑’Ë¥’

¿“¬„µâ ¿“æÕ“°“»¢Õßª√–‡∑»‰∑¬«—µ∂ÿª√– ß§å

°“√«‘®—¬§√—Èßπ’È®÷ß‡æ◊ËÕ§âπÀ“®ÿ¥«‘°ƒµº≈¢Õß§«“¡‡§√’¬¥

‡π◊ËÕß®“°§«“¡√âÕπ∑’Ë¡’º≈°√–∑∫µàÕº≈º≈‘µπÈ”π¡

·≈–§à“ª√–¡“≥æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡¢Õß·≈–

»÷°…“À“√–¥—∫‡≈◊Õ¥‚Œ≈ ‰µπå∑’Ë ‰¥â√—∫º≈°√–∑∫

®“°§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ„π‚§π¡≈Ÿ°º ¡

‰∑¬-‚Õ≈ ‰µπå

«‘∏’°“√»÷°…“

¢âÕ¡Ÿ≈„π°“√»÷°…“
∫—π∑÷°º≈º≈‘µπÈ”π¡√“¬µ—«‚¥¬ ÿà¡‡°Á∫‡¥◊Õπ≈–

1 §√—Èß ´÷Ëß‡√’¬°«à“ ∫—π∑÷°πÈ”π¡„π«—π∑¥ Õ∫ (test-day

milk record) „π√–¬–°“√„Àâπ¡§√—Èß·√°®”π«π 218,083

∫—π∑÷° ®“°‚§π¡≈Ÿ°º ¡‰∑¬-‚Œ≈ ‰µπå®”π«π 24,825

µ—«∂Ÿ°„™â„π°“√»÷°…“§√—Èßπ’È ¢âÕ¡Ÿ≈∑—ÈßÀ¡¥√«∫√«¡‰¥â

®“°ø“√å¡‡°…µ√°√„π‚§√ß°“√ Master bull ¢Õß

°√¡ª»ÿ —µ«å √«¡∑—Èßø“√å¡‡Õ°™π®“° 26 ®—ßÀ«—¥

∑—Ë«ª√–‡∑»‰∑¬„π™à«ß√–À«à“ß ‡¥◊Õπ¡°√“§¡ æ.». 2533

∂÷ß ‡¥◊Õπ ‘ßÀ“§¡ æ.». 2551 °“√‡µ√’¬¡¢âÕ¡Ÿ≈°àÕπ

«‘‡§√“–Àå ∫—π∑÷°º≈º≈‘µπÈ”π¡√“¬µ—«„π·µà≈–«—π∑¥ Õ∫

∂Ÿ°°”Àπ¥„ÀâÕ¬Ÿà„π™à«ß«—π„Àâπ¡∑’Ë 5 ∂÷ß 305 «—π ·≈–

¡’Õ“¬ÿ‡¡◊ËÕ§≈Õ¥≈Ÿ° ≥ «—π∑’Ë‡°Á∫¢âÕ¡Ÿ≈Õ¬Ÿà„π™à«ß 24

∂÷ß 72 ‡¥◊Õπ °“√®”·π°°≈ÿà¡æ—π∏ÿå‚§π¡≈Ÿ°º ¡‰∑¬-

‚Œ≈ ‰µπå®”·π°µ“¡√–¥—∫‡ªÕ√å‡´Áπµå “¬‡≈◊Õ¥¢Õß

‚§π¡æ—π∏ÿå‚Œ≈ ‰µπå´÷Ëß®”·π°‰¥â 5 °≈ÿà¡¥—ßπ’È <75.0,

75.0 ∂÷ß 87.4, 87.5 ∂÷ß 93.6, 93.7 ∂÷ß 97.9 ·≈– >98.0

‡ªÕ√å‡´Áπµå µ“¡≈”¥—∫ §à“‡©≈’Ë¬º≈º≈‘µπÈ”π¡µàÕµ—«

µàÕ«—π¡’§à“‡∑à“°—∫ 12.9 °°. §à“‡©≈’Ë¬®”π«π«—π„Àâπ¡

¡’§à“‡∑à“°—∫ 236 «—π (Table 1)

¢âÕ¡Ÿ≈Õÿµÿπ‘¬¡«‘∑¬“√“¬«—π‰¥â·°à ∫—π∑÷°Õÿ≥À¿Ÿ¡‘

(temp: Àπà«¬‡´≈‡´’¬ ) ·≈–§«“¡™◊Èπ —¡æ—∑∏å (RH:

Àπà«¬‡ªÕ√å‡´Áπµå) ‚¥¬‡°Á∫∫—π∑÷°∑ÿ° 3 ™—Ë«‚¡ß ∂Ÿ°

§”π«≥„ÀâÕ¬Ÿà„π√Ÿª¢Õß¥—™π’Õÿ≥À¿Ÿ¡‘§«“¡™◊Èπ —¡æ—∑∏å
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(temperature humidity index; THI) µ“¡«‘∏’°“√¢Õß

National Oceanic and Atmospheric Administration (1976)

‡æ◊ËÕ„™â»÷°…“º≈°√–∑∫¢Õß§«“¡‡§√’¬¥‡π◊ËÕß®“°
§«“¡√âÕπ∑’Ë¡’µàÕº≈º≈‘µπÈ”π¡·≈–§à“æ“√“¡‘‡µÕ√å
∑“ßæ—π∏ÿ°√√¡ ‰¥â·°à Õ—µ√“æ—π∏ÿ°√√¡  À —¡æ—π∏å∑“ß
æ—π∏ÿ°√√¡ ¢âÕ¡Ÿ≈ THI ∂Ÿ°∫—π∑÷°·≈–‡°Á∫√«∫√«¡®“°
 ∂“π’Õÿµÿπ‘¬¡«‘∑¬“·µà≈–®—ßÀ«—¥´÷Ëß„°≈â‡§’¬ß°—∫ø“√å¡
‚§π¡·µà≈–ø“√å¡‚¥¬„™â√À— ‰ª√…≥’¬å¢Õß∑’Ëµ—Èßø“√å¡
(postal code) ‡ªìπ¢âÕ°”Àπ¥„π°“√‡™◊ËÕ¡‚¬ß¢âÕ¡Ÿ≈
πÈ”π¡·≈–¢âÕ¡Ÿ≈ THI ‡¢â“¥â«¬°—π°àÕππ”‰ª«‘‡§√“–Àå
„π¢—ÈπµÕπµàÕ‰ª ‚¥¬√Ÿª·∫∫ ¡°“√§”π«≥§à“ THI

‡ªìπ¥—ßπ’È

THI = (1.8 x temp + 32) - (0.55 - 0.0055 x RH) x (1.8 x temp - 26)

§à“‡©≈’Ë¬ THI  “¡«—π°àÕπ°“√‡°Á∫∫—π∑÷°º≈º≈‘µ
πÈ”π¡‚¥¬æ‘®“√≥“®“°§à“ À —¡æ—π∏å Ÿß ÿ¥√–À«à“ß§à“
THI ·≈–∫—π∑÷°πÈ”π¡„π·µà≈–«—π∑¥ Õ∫ (‰¡à‰¥â· ¥ß)
∂Ÿ°°”Àπ¥„Àâ‡ªìπ§à“ THI ∑¥ Õ∫„π°“√«‘‡§√“–ÀåÀ“
®ÿ¥‡√‘Ë¡µâπ¢Õß°“√‡°‘¥§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ
(THI threshold of heat stress)

«‘∏’°“√«‘‡§√“–Àå·≈–‚¡‡¥≈∑’Ë„™â»÷°…“
‚¡‡¥≈«—π∑¥ Õ∫√’‡°√´™—Ëπ ÿà¡ (random regression

test-day model; RRTDM) ∂Ÿ°„™â‡ªìπ‚¡‡¥≈ ”À√—∫
«‘‡§√“–ÀåÀ“®ÿ¥‡√‘Ë¡µâπ¢Õß°“√‡°‘¥§«“¡‡§√’¬¥‡π◊ËÕß®“°
§«“¡√âÕπ Õ—µ√“°“√≈¥≈ß¢Õßº≈º≈‘µπÈ”π¡µàÕ°“√
‡ª≈’Ë¬π·ª≈ß¢Õß§à“ THI (rate of decline of milk
production) ·≈–§à“ª√–¡“≥æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡
°“√ª√–¡“≥§à“Õß§åª√–°Õ∫§«“¡·ª√ª√«π‡æ◊ËÕ„™â
§”π«≥À“§à“ª√–¡“≥æ“√“¡‘‡µÕ√å∑“ßæ—π∏ÿ°√√¡„™â«‘∏’
Expectation Maximization Restricted Maximum
Likelihood (EM-REML) ‚¥¬„™â‚ª√·°√¡ remlf90 ´÷Ëß
æ—≤π“‚¥¬ Misztal (1999) ‚¥¬¡’√Ÿª·∫∫‚¡‡¥≈ RRTDM

¥—ßπ’È

‡¡◊ËÕ y
ijklm

= ‡«§‡µÕ√å¢Õßº≈º≈‘µπÈ”π¡√“¬µ—«

„π«—π∑¥ Õ∫¢Õß‚§π¡≈Ÿ°º ¡‰∑¬-‚Œ≈ ‰µπåµ—«∑’Ë m

„πΩŸß-‡¥◊Õπ∑¥ Õ∫-ªï∑¥ Õ∫ (hmy) ®—¥·∫∫ class ∑’Ë i

·≈–°≈ÿà¡æ—π∏ÿå (bg) ®—¥·∫∫ class ∑’Ë j √à«¡°—∫«—π„Àâπ¡

(dim) ®—¥·∫∫ class ∑’Ë k ·≈–Õ“¬ÿ‡¡◊ËÕ§≈Õ¥≈Ÿ° (ca)

®—¥·∫∫ class ∑’Ë l, hym
i
= ‡«§‡µÕ√å¢ÕßÕ‘∑∏‘æ≈§ß∑’Ë

‡π◊ËÕß®“°ΩŸß-‡¥◊Õπ∑¥ Õ∫-ªï∑¥ Õ∫∑’Ë i, bg
j
= ‡«§‡µÕ√å

¢ÕßÕ‘∑∏‘æ≈§ß∑’Ë‡π◊ËÕß®“°°≈ÿà¡æ—π∏ÿå∑’Ë j, dim
k
= ‡«§‡µÕ√å

¢ÕßÕ‘∑∏‘æ≈§ß∑’Ë‡π◊ËÕß®“°«—π„Àâπ¡∑’Ë k, ca
l
= ‡«§‡µÕ√å

¢ÕßÕ‘∑∏‘æ≈§ß∑’Ë‡π◊ËÕß®“°Õ“¬ÿ‡¡◊ËÕ§≈Õ¥≈Ÿ°∑’Ë l, a
0m

=

‡«§‡µÕ√å¢ÕßÕ‘∑∏‘æ≈ ÿà¡‡π◊ËÕß®“°¬’π·∫∫∫«° – ¡

≥ ¿“«–ª°µ‘ (0) ¢Õß —µ«åµ—«∑’Ë m, a
1m

= ‡«§‡µÕ√å¢Õß

Õ‘∑∏‘æ≈ ÿà¡‡π◊ËÕß®“°¬’π·∫∫∫«° – ¡ ≥ ¿“«–‡§√’¬¥

‡π◊ËÕß®“°§«“¡√âÕπ (1) ¢Õß —µ«åµ—«∑’Ë m, p
0m

 = ‡«§‡µÕ√å

¢ÕßÕ‘∑∏‘æ≈ ÿà¡‡π◊ËÕß®“° ¿“æ·«¥≈âÕ¡∂“«√ ≥ ¿“«–

ª°µ‘ (0) ¢Õß —µ«åµ—«∑’Ë m, p
1m

= ‡«§‡µÕ√å¢ÕßÕ‘∑∏‘æ≈

 ÿà¡‡π◊ËÕß®“° ¿“æ·«¥≈âÕ¡∂“«√ ≥ ¿“«–‡§√’¬¥

‡π◊ËÕß®“°§«“¡√âÕπ (1) ¢Õß —µ«åµ—«∑’Ë m, e
ijklm

= ‡«§‡µÕ√å

¢ÕßÕ‘∑∏‘æ≈ ÿà¡‡π◊ËÕß®“°§«“¡§≈“¥‡§≈◊ËÕπ, α(bg
j
)=

Õ—µ√“°“√≈¥≈ß¢Õßº≈º≈‘µπÈ”π¡µàÕ°“√‡ª≈’Ë¬π·ª≈ß

¢Õß§à“ THI „π·µà≈–°≈ÿà¡æ—π∏ÿå∑’Ë j, A=‡¡∑√‘°´å§«“¡

 —¡æ—π∏å√–À«à“ßµ—« —µ«å, I= Identity matrix, f(THI) =

øíß°å™—π¥—™π’Õÿ≥À¿Ÿ¡‘§«“¡™◊Èπ —¡æ—∑∏å ´÷Ëß¡’√Ÿª·∫∫

øíß°å™—π¥—ßπ’È
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§à“ THI „π™à«ß√–À«à“ß 72 ∂÷ß 82 ∂Ÿ°„™â‡ªìπ§à“ THI

∑¥ Õ∫¿“¬„µâ‚¡‡¥≈ RRTDM §«“¡·¡àπ¬”¢Õß°“√

ª√–‡¡‘πæ—π∏ÿ°√√¡·≈–§«“¡∂Ÿ°µâÕß¢Õß‚¡‡¥≈ (best

model) æ‘®“√≥“®“°§à“ ∂‘µ‘‰¥â·°à negative log

likelihood (-2logL) ∑’Ë¡’§à“µË”∑’Ë ÿ¥ ·≈–§à“ coefficient of

determination (R2) ∑’Ë¡’§à“ Ÿß∑’Ë ÿ¥ „π·µà≈–§à“ THI ∑¥ Õ∫

πÕ°®“°π’È∑”°“√»÷°…“º≈°√–∑∫¢Õß§«“¡‡§√’¬¥

‡π◊ËÕß®“°§«“¡√âÕπµàÕ°“√≈¥≈ß¢Õßº≈º≈‘µπÈ”π¡

‚¥¬æ‘®“√≥“µ≈Õ¥Àπ÷Ëßªï (∆y) ·¬°µ“¡ªï·≈–¿Ÿ¡‘¿“§

¢Õßª√–‡∑»‰∑¬ ‚¥¬¡’√Ÿª·∫∫ ¡°“√§”π«≥¥—ßπ’È

‡¡◊ËÕ α = Õ—µ√“°“√≈¥≈ß¢Õßº≈º≈‘µπÈ”π¡,

= º≈√«¡¢Õß√–¥—∫¢Õß§«“¡‡§√’¬¥

‡π◊ËÕß®“°§«“¡√âÕπµàÕªï®”·π°µ“¡°≈ÿà¡æ—π∏ÿå (heat

stress level; HL) ‡¡◊ËÕ HL = THI - THI
threshold

º≈°“√»÷°…“·≈–«‘®“√≥å

 ¿“æÕ“°“»¢Õßª√–‡∑»‰∑¬

 ¿“æÕ“°“»¢Õßª√–‡∑»‰∑¬„π™à«ß‡¥◊Õπ¡°√“§¡

æ.». 2533 ∂÷ß‡¥◊Õπ ‘ßÀ“§¡ æ.». 2551 ¡’≈—°…≥–√âÕπ

·≈–™◊Èπµ≈Õ¥∑—Èßªï ‚¥¬Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ 27.1 Õß»“‡´≈‡ ’́¬ 

·≈–§«“¡™◊Èπ —¡æ—∑∏å‡©≈’Ë¬ 73.4 ‡ªÕ√å‡´Áπµå ´÷Ëß‡¡◊ËÕ

§”π«≥„π√Ÿª¢Õß¥—™π’Õÿ≥À¿Ÿ¡‘§«“¡™◊Èπ —¡æ—∑∏å¡’

§à“‡©≈’Ë¬‡∑à“°—∫ 77.4 (Table 1) ‚¥¬Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥

æ∫„π™à«ß‡¥◊Õπ¡’π“§¡∂÷ßæƒ…¿“§¡ „π¢≥–∑’ËÕÿ≥À¿Ÿ¡‘

µË” ÿ¥æ∫„π™à«ß‡¥◊Õπ∏—π«“§¡∂÷ß¡°√“§¡¢Õß∑ÿ°ªï ́ ÷Ëß

 Õ¥§≈âÕß°—∫ƒ¥Ÿ√âÕπ·≈–ƒ¥ŸÀπ“«¢Õßª√–‡∑»‰∑¬

µ“¡≈”¥—∫  ”À√—∫§«“¡™◊Èπ —¡æ—∑∏å®–¡’§à“ Ÿß ÿ¥„π™à«ß

‡¥◊Õπ¡‘∂ÿπ“¬π∂÷ß ‘ßÀ“§¡ ·≈–µË” ÿ¥„π™à«ß‡¥◊Õπ

°ÿ¡¿“æ—π∏å∂÷ß‡¡…“¬π µ“¡≈”¥—∫ (Figure 1)
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°“√«‘‡§√“–ÀåÀ“®ÿ¥‡√‘Ë¡µâπ¢Õß°“√‡°‘¥§«“¡‡§√’¬¥
‡π◊ËÕß®“°§«“¡√âÕπ

THI ∑’Ë√–¥—∫ 75 ¡’§à“ negative log likelihood (-2logL)

µË”∑’Ë ÿ¥ ·≈–§à“ coefficient of determination (R2)

 Ÿß∑’Ë ÿ¥ (Table 2) ´÷Ëß·ª≈§«“¡‰¥â«à“‚§π¡≈Ÿ°º ¡

‰∑¬-‚Œ≈ ‰µπå ‡√‘Ë¡‡°‘¥§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ

‡¡◊ËÕ ¿“æÕ“°“»¡’§à“ THI ∑’Ë√–¥—∫ 75 ·≈–‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫√“¬ß“π°“√»÷°…“¢Õß Ravagnolo and

Misztal (2000) „π‚§π¡‚Œ≈ ‰µπåæ—π∏ÿå·∑â ¢Õßª√–‡∑»

 À√—∞Õ‡¡√‘°“ æ∫«à“‚§π¡‡°‘¥§«“¡‡§√’¬¥‡π◊ËÕß®“°

§«“¡√âÕπ‡¡◊ËÕ ¿“æÕ“°“»¡’§à“ THI ∑’Ë√–¥—∫ 72

º≈¥—ß°≈à“«™’È«à“‚§π¡≈Ÿ°º ¡‰∑¬-‚Œ≈ ‰µπå¡’§«“¡

 “¡“√∂„π°“√∑πµàÕ§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ

 Ÿß°«à“‚§π¡‚Œ≈ ‰µπåæ—π∏ÿå·∑â ´÷ËßÕ“®¡’ “‡Àµÿ®“°

‚§π¡¢Õßª√–‡∑»‰∑¬‰¥â√—∫æ—π∏ÿ°√√¡ à«πÀπ÷Ëß®“°‚§

µ√–°Ÿ≈Õ‘π‡¥’¬ ´÷Ëß¡’§«“¡ “¡“√∂„π°“√∑π√âÕπ (heat

tolerance) ‰¥â¥’°«à“‚§µ√–°Ÿ≈¬ÿ‚√ª (Beatty et al., 2006)

·≈–Õ“®‡π◊ËÕß¡“®“°º≈º≈‘µπÈ”π¡¢Õß‚§π¡≈Ÿ°º ¡

‰∑¬-‚Œ≈ ‰µπå ¡’ª√‘¡“≥πâÕ¬°«à“º≈º≈‘µπÈ”π¡

¢Õß‚§π¡æ—π∏ÿå·∑â ®÷ß àßº≈„Àâ°“√º≈‘µ§«“¡√âÕπ„π

°√–∫«π°“√ √â“ßπÈ”π¡¡’ª√‘¡“≥πâÕ¬°«à“‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫‚§π¡‚Œ≈ ‰µπåæ—π∏ÿå·∑â (Bianca, 1965)

°“√≈¥≈ß¢Õßº≈º≈‘µπÈ”π¡

Table 3 · ¥ßÕ—µ√“°“√≈¥≈ß¢Õßº≈º≈‘µπÈ”π¡

(rate of decline of milk production) ≥ THI ∑’Ë√–¥—∫ 75

µ“¡√–¥—∫‡≈◊Õ¥‚Œ≈ ‰µπå ‚¥¬æ∫«à“Õ—µ√“°“√≈¥≈ß

¢Õßº≈º≈‘µπÈ”π¡‡√‘Ë¡ª√“°Ø‡¡◊ËÕ√–¥—∫‡≈◊Õ¥‚Œ≈ ‰µπå

>87.5 ‡ªÕ√å‡´Áπµå ·≈– Ÿß¢÷Èπµ“¡√–¥—∫‡≈◊Õ¥‚Œ≈ ‰µπå

Õ—µ√“°“√≈¥≈ß¢Õßº≈º≈‘µπÈ”π¡®“°¡“°∑’Ë ÿ¥‰ª

πâÕ¬∑’Ë ÿ¥¡’§à“‡∑à“°—∫ -0.050, -0.021, ·≈–-0.002 °‘‚≈°√—¡

µàÕ°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“ THI Àπ÷Ëß√–¥—∫¿“¬À≈—ß THI

Figure 1 Average monthly pattern of relative humidity (a, dashed line) and air temperature (a, solidline),
and temperature humidity index (b) in Thailand.
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∑’Ë√–¥—∫ 75 ́ ÷Ëß Õ¥§≈âÕß°—∫√–¥—∫‡≈◊Õ¥‚Œ≈ ‰µπå‰¥â·°à

>98.0, 93.7 ∂÷ß 97.9 ·≈– 87.5 ∂÷ß 93.6 ‡ªÕ√å‡´Áπµå

µ“¡≈”¥—∫  ”À√—∫°“√≈¥≈ß¢Õßº≈º≈‘µπÈ”π¡‚¥¬‡©≈’Ë¬

„π™à«ß “¡ªïÀ≈—ß ÿ¥· ¥ß·π«‚πâ¡°“√ Ÿ≠‡ ’¬º≈º≈‘µ

πÈ”π¡‡æ‘Ë¡¢÷Èπµ“¡ªï ´÷ËßÕ“®‡ªìπº≈®“°ª√“°Ø°“√≥å

Õÿ≥À¿Ÿ¡‘‚≈°√âÕπ¢÷Èπ (global warming) (Table 3)

π—∫‡ªìπ§«“¡‡ ’¬À“¬„π√–¥—∫√ÿπ·√ß‚¥¬‡©æ“–°—∫

‡°…µ√°√∑’Ë‡≈’È¬ß‚§π¡≈Ÿ°º ¡∑’Ë¡’√–¥—∫‡≈◊Õ¥‚Œ≈ ‰µπå

>93.7 ‡ªÕ√å‡´Áπµå „π∑“ßµ√ß°—π¢â“¡‚§π¡≈Ÿ°º ¡∑’Ë¡’

√–¥—∫‡≈◊Õ¥‚Œ≈ ‰µπå <87.5 ‡ªÕ√å‡´Áπµå ¬—ß‰¡àæ∫

°“√ Ÿ≠‡ ’¬¢Õßº≈º≈‘µπÈ”π¡®“°Õ‘∑∏‘æ≈¢Õß§«“¡

‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ ≥ THI ∑’Ë√–¥—∫ 75 ∑—Èßπ’È

‡ªìπ‰ª‰¥â∑’Ë®ÿ¥‡√‘Ë¡µâπ¢Õß°“√‡°‘¥§«“¡‡§√’¬¥‡π◊ËÕß®“°

§«“¡√âÕπ„π‚§π¡≈Ÿ°º ¡∑’Ë¡’√–¥—∫‡≈◊Õ¥‚Œ≈ ‰µπå

<87.5 ‡ªÕ√å‡´Áπµå ®– Ÿß°«à“π’È  ”À√—∫°“√ Ÿ≠‡ ’¬

¢Õßº≈º≈‘µπÈ”π¡‡©≈’Ë¬µ≈Õ¥ªï·¬°µ“¡¿Ÿ¡‘¿“§µà“ßÊ

¢Õßª√–‡∑»‰∑¬· ¥ß„Àâ‡ÀÁπ«à“‚§π¡∑’Ë‡≈’È¬ß„π¿“§

µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ¡’°“√ Ÿ≠‡ ’¬¢Õßº≈º≈‘µπÈ”π¡

‚¥¬‡©≈’Ë¬¡“°°«à“‚§π¡∑’Ë‡≈’È¬ß„π¿Ÿ¡‘¿“§Õ◊Ëπ‚¥¬¡’§à“

°“√≈¥≈ß‡©≈’Ë¬‡∑à“°—∫ 91.05 °°/µ—«/ªï  ”À√—∫‚§π¡

≈Ÿ°º ¡∑’Ë¡’√–¥—∫‡≈◊Õ¥‚Œ≈ ‰µπå >98.0 ‡ªÕ√å‡´Áπµå

(Figure 2) ´÷Ëß¡’ “‡Àµÿ®“° ¿“æÕ“°“»„π¿“§

µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ¡’Õÿ≥À¿Ÿ¡‘ Ÿß (‡©≈’Ë¬Õÿ≥À¿Ÿ¡‘

‡∑à“°—∫ 30 Õß»“‡´≈‡´’¬ ) (°√¡Õÿµÿπ‘¬¡«‘∑¬“, 2553)

√«¡∂÷ß°“√¢“¥·§≈π‡§√◊ËÕß¡◊Õ ”À√—∫™à«¬‚§π¡„π°“√

√–∫“¬§«“¡√âÕπÕÕ°®“°√à“ß°“¬„π™à«ß‡°‘¥§«“¡‡§√’¬¥

‡π◊ËÕß®“°§«“¡√âÕπ ‡¡◊ËÕæ‘®“√≥“°“√ Ÿ≠‡ ’¬¢Õß

º≈º≈‘µπÈ”π¡√“¬‡¥◊Õπ· ¥ß„Àâ‡ÀÁπ«à“‡¥◊Õπ¡’π“§¡

‡¡…“¬π ·≈–æƒ…¿“§¡ ¡’°“√ Ÿ≠‡ ’¬¢Õßº≈º≈‘µ

πÈ”π¡‡©≈’Ë¬ Ÿß°«à“‡¥◊ÕπÕ◊ËπÊ ´÷Ëß™à«ß‡¥◊Õπ¥—ß°≈à“«

 —¡æ—π∏å°—∫ƒ¥Ÿ√âÕπ¢Õßª√–‡∑»‰∑¬

Õß§åª√–°Õ∫§«“¡·ª√ª√«π·≈–æ“√“¡‘‡µÕ√å

∑“ßæ—π∏ÿ°√√¡
º≈°“√«‘‡§√“–Àå§à“Õß§åª√–°Õ∫§«“¡·ª√ª√«π

µà“ßÊ (Figure 3) · ¥ß„Àâ‡ÀÁπ«à“§à“§«“¡·ª√ª√«π

¢Õß¬’π·∫∫∫«° – ¡ (2.8) ·≈– ¿“æ·«¥≈âÕ¡∂“«√

(8.0) ∑’Ë‰¡à¡’°“√æ‘®“√≥“Õ‘∑∏‘æ≈¢Õß§«“¡‡§√’¬¥

‡π◊ËÕß®“°§«“¡√âÕπ√à«¡¥â«¬®–§ß∑’Ë„π∑ÿ°√–¥—∫§à“ THI
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(0.007) ·≈– ¿“æ·«¥≈âÕ¡∂“«√ (0.119) ∑’Ë¡’°“√

æ‘®“√≥“Õ‘∑∏‘æ≈¢Õß§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ

√à«¡¥â«¬®– Ÿß¢÷Èπ¿“¬À≈—ß®“°§à“ THI ∑’Ë√–¥—∫ 75

 ”À√—∫Õ—µ√“æ—π∏ÿ°√√¡ ≥ THI ∑’Ë√–¥—∫ 75 ¡’§à“‡∑à“°—∫

0.17 ·≈–¡’§à“ Ÿß ÿ¥ ≥ THI ∑’Ë√–¥—∫ 78 ‡∑à“°—∫ 0.19

À≈—ß®“°π—ÈπÕ—µ√“æ—π∏ÿ°√√¡®–≈¥≈ßÕ¬à“ßµàÕ‡π◊ËÕß

º≈¥—ß°≈à“«™’È„Àâ‡ÀÁπ«à“Õ‘∑∏‘æ≈¢Õß§«“¡‡§√’¬¥‡π◊ËÕß®“°

§«“¡√âÕπ àßº≈°√–∑∫µàÕ°“√§à“ª√–¡“≥¢Õß§«“¡

·ª√ª√«πµà“ßÊ ·≈–§à“ª√–¡“≥æ“√“¡‘‡µÕ√å∑“ß

æ—π∏ÿ°√√¡ (Aguilar et al., 2009) ¥—ßπ—Èπ°“√π”‡Õ“ªí®®—¬

¢Õß ¿“æÕ“°“»‡¢â“√à«¡„π°“√ª√–‡¡‘πæ—π∏ÿ°√√¡

®–™à«¬„Àâ°“√ª√–‡¡‘πæ—π∏ÿ°√√¡¢Õß≈—°…≥–°“√„Àâ

º≈º≈‘µπÈ”π¡√à«¡°—∫§«“¡∑π∑“πµàÕ§«“¡‡§√’¬¥

‡π◊ËÕß®“°§«“¡√âÕπ¡’§«“¡∂Ÿ°µâÕß·¡àπ¬”¡“°¬‘Ëß¢÷Èπ

 ”À√—∫ À —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡√–À«à“ßÕ‘∑∏‘æ≈¢Õß¬’π

·∫∫∫«° – ¡ ≥ ¿“«–ª°µ‘°—∫¿“«–‡§√’¬¥‡π◊ËÕß®“°

§«“¡√âÕπ¡’§à“‡∑à“°—∫ -0.21 º≈¥—ß°≈à“«· ¥ß∂÷ß‚§π¡

∑’Ë„Àâº≈º≈‘µπÈ”π¡ Ÿß®–¡’§«“¡ “¡“√∂∑πµàÕ§«“¡

‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ‰¥âπâÕ¬≈ß ¥—ßπ—ÈπÀ“°§—¥‡≈◊Õ°

‚§π¡∑’Ë¡’§«“¡ “¡“√∂∑“ßæ—π∏ÿ°√√¡¢Õß°“√„Àâº≈º≈‘µ

πÈ”π¡ Ÿß®– àßº≈„Àâ‚§π¡‡°‘¥§«“¡‡§√’¬¥‡π◊ËÕß®“°

§«“¡√âÕπ‰¥â‡√Á«¢÷Èπµ“¡‰ª¥â«¬´÷Ëß‡ ’Ë¬ßµàÕ°“√§—¥∑‘Èß

À√◊Õ‚§π¡Õ“®¡’Õ“¬ÿ°“√„™âß“π —Èπ≈ß (short longevity)

(Freitas et al., 2006) Õ¬à“ß‰√°Áµ“¡‡π◊ËÕß®“°§à“

 À —¡æ—π∏å∑’Ë«‘‡§√“–Àå‰¥â¡’§à“§àÕπ¢â“ßµË” ¥—ßπ—Èπ‚Õ°“ 

∑’Ë®–§—¥‡≈◊Õ°‚§π¡∑’Ë¡’§«“¡ “¡“√∂∑“ßæ—π∏ÿ°√√¡

¢Õß°“√„Àâπ¡∑’Ë¥’√à«¡°—∫¡’§«“¡ “¡“√∂∑πµàÕ ¿“æ

Õ“°“»¿“¬„µâ§«“¡‡§√’¬¥‡π◊ËÕß®“°§«“¡√âÕπ®÷ß¡’

§«“¡‡ªìπ‰ª‰¥â
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Figure 2 The pattern of average milk production loss throughout a year of >98% Holstein blood exposed to heat
stress at THI 75 separated by region (Central, North, and North East).
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