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ABSTRACT

This research aimed to study the effects of temperature on Para rubber (Hevea
brasiliensis Muell. Arg.) leaf photosynthesis rates at different ambient CO2 concentrations by
measuring responses of the leaf net photosynthetic rates to the CO2 concentrations in the air at
different temperatures in temperature controlled room. The measurement was done using
photosynthetically active photon flux at 1,400 μmol m-2 s-1, 50 % to 80 % relative humidity, and
nine temperature levels; (10, 15, 22, 28, 32, 36, 40, 42 and 45 °C). The responses of net
photosynthetic rates to leaf temperatures were fitted using the 4th order polynomial equation.
Then, the optimum temperatures for the net photosynthetic rate at different CO2 concentration
levels were estimated. The result showed that 4th order polynomial equation provided good fit to the
responses of the net photosynthetic rates to leaf temperatures. The changes in CO2 concentration
influenced the responses. Increased CO2 concentration led to increased net photosynthetic rate
and also the responsiveness of net photosynthetic rate to temperature. Finally, optimum temperature
increased with CO2 concentration up to approximately 1200 μmol m-2 s-1.
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∫∑π”
¬“ßæ“√“ (Hevea brasiliensis Muell.Arg.) ÷́Ëß‡ªìπæ◊™‡»√…∞°‘®∑’Ë ”§—≠¢Õß‰∑¬ ¡’æ◊Èπ∑’Ë

ª≈Ÿ°¡“°°«à“ 22 ≈â“π‰√à ∑—Ë«∑ÿ°¿Ÿ¡‘¿“§¢Õßª√–‡∑» ¬“ßæ“√“∂Ÿ°π”¡“‡ªìπº≈‘μ¿—≥±å∑’Ë„™â„πß“πμà“ßÊ ¡“°¡“¬
‡™àπ ß“π∑“ß¥â“πÕÿμ “À°√√¡°“√°àÕ √â“ß «‘»«°√√¡ °“√·æ∑¬å ®π°√–∑—Ëß ◊ËÕ°“√‡√’¬π°“√ Õπ·≈–Õÿª°√≥å°’Ã“
¥—ßπ—Èπ „πÀ≈“¬¿“§ à«π‰¥â¡’°“√ àß‡ √‘¡°“√º≈‘μ¬“ßæ“√“„Àâ¡’§ÿ≥¿“æ ‡æ◊ËÕ·¢àß¢—π„πμ≈“¥‚≈°‰¥â

°“√‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘Õ“°“»‡ªìπÕ’°ªí®®—¬Àπ÷Ëß∑’Ë àßº≈°√–∑∫μàÕæ◊™ ‚¥¬‡©æ“–Õÿ≥À¿Ÿ¡‘
‡©≈’Ë¬¢Õß‚≈°∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ ∑”„Àâæ◊™‰¥â√—∫º≈°√–∑∫‚¥¬μ√ß μàÕ°“√‡®√‘≠‡μ‘∫‚μ [1] ¬—ß¡’√“¬ß“π«à“
°“√ª≈¥ª≈àÕ¬°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å®“°¿“§Õÿμ “À°√√¡ ·≈–™ÿ¡™π‡¡◊Õß¢π“¥„À≠à ∑”„Àâ§«“¡‡¢â¡¢âπ
¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„π∫√√¬“°“»¡’·π«‚πâ¡∑’Ë®–‡æ‘Ë¡ Ÿß¢÷Èπ ´÷Ëß‡ªìπªí®®—¬ ”§—≠∑’Ë¡’º≈°√–∑∫μàÕ
Õ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß¢Õßæ◊™ ¬“ßæ“√“‡ªìπÀπ÷Ëßæ◊™∑’Ë‰¥â√—∫º≈°√–∑∫®“°°“√‡ª≈’Ë¬π·ª≈ß¢Õß ¿“æ
Õ“°“» °“√§“¥°“√≥å‡ª≈’Ë¬π·ª≈ß ¿“æÕ“°“»¢Õß¿“§μ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ„π√Õ∫ªï ‡™àπ Õÿ≥À¿Ÿ¡‘∑’Ë
‡æ‘Ë¡¢÷Èπ 2.6 Õß»“‡´≈‡ ’́¬  ª√‘¡“≥πÈ”Ωπ‡æ‘Ë¡¢÷Èπ 4 ‡ªÕ√å‡´Áπμå „π™à«ßƒ¥ŸΩπ·≈–®–≈¥≈ß¡“°„π™à«ßƒ¥Ÿ
·≈âß∑”„Àâ§«“¡™◊Èπ„π¥‘π ª√‘¡“≥πÈ”„π¥‘π≈¥≈ß [2] ®– àßº≈μàÕ°“√‡®√‘≠‡μ‘∫‚μ·≈–º≈º≈‘μ¢Õß¬“ßæ“√“
·≈–°√–∑∫μàÕ°√–∫«π°“√ª∞¡¿Ÿ¡‘∑’Ë‡°’Ë¬«°—∫°“√‡®√‘≠‡μ‘∫‚μ‰¥â·°à °√–∫«π°“√ —ß‡§√“–Àå¥â«¬· ß√«¡∂÷ß
≈—°…≥–∑“ß √’√«‘∑¬“Õ◊ËπÊ πÕ°®“°π’È°“√‡®√‘≠‡μ‘∫‚μ¥â“π≈”μâπ¢Õß¬“ßæ“√“Õ“¬ÿ 1-5 ªï ¬—ß¢÷Èπ°—∫ªí®®—¬
¥â“π ‘Ëß·«¥≈âÕ¡ 57.0 ‡ªÕ√å‡´Áπμå ¥â“πæ—π∏ÿ°√√¡ 35.8 ‡ªÕ√å‡´Áπμå ·≈–ªØ‘ —¡æ—π∏å√–À«à“ßæ—π∏ÿ°√√¡°—∫
 ‘Ëß·«¥≈âÕ¡ 7.1 ‡ªÕ√å‡´Áπμå [3] · ¥ß„Àâ‡ÀÁπ«à“ ªí®®—¬¥â“π ‘Ëß·«¥≈âÕ¡‡ªìπªí®®—¬ ”§—≠„π°“√º≈‘μ¬“ßæ“√“
¥—ßπ—Èπ °“√∑√“∫¢âÕ¡Ÿ≈æ◊Èπ∞“π‡°’Ë¬«°—∫Õ‘∑∏‘æ≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–§«“¡‡¢â¡¢âπ°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥åμàÕ
°√–∫«π°“√ —ß‡§√“–Àå¥â«¬· ß¢Õß¬“ßæ“√“®÷ß¡’§«“¡ ”§—≠ ‡æ◊ËÕæ—≤π“‰ª Ÿà°“√‡æ‘Ë¡»—°¬¿“æ„π°“√º≈‘μ
¬“ßæ“√“ ¥—ßπ—Èπ°“√»÷°…“§√—Èßπ’È®÷ß¡ÿàß‡πâπ∑’Ë®–»÷°…“Õ‘∑∏‘æ≈¢ÕßÕÿ≥À¿Ÿ¡‘ μàÕ°√–∫«π°“√ —ß‡§√“–Àå¥â«¬· ß
¢Õß¬“ßæ“√“∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥åμà“ßÊ ‡æ◊ËÕ»÷°…“°“√μÕ∫ πÕßμàÕÕÿ≥À¿Ÿ¡‘‡¡◊ËÕ
§«“¡‡¢â¡¢âπ°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»‡ª≈’Ë¬π·ª≈ß ´÷Ëß®–π”‰ª Ÿà°“√§“¥°“√≥å·≈–®—¥°“√°“√º≈‘μ
¬“ßæ“√“„Àâ¡’ª√– ‘∑∏‘¿“æ¿“¬„μâ°“√‡ª≈’Ë¬π·ª≈ß¿“æÕ“°“»„πÕπ“§μ

Õÿª°√≥å·≈–«‘∏’°“√
§—¥‡≈◊Õ°μâπ¬“ßæ“√“æ—π∏ÿå RRIM 600 Õ“¬ÿª√–¡“≥ 1 ‡¥◊Õπ ª≈Ÿ°≈ß„π°√–∂“ß¢π“¥ 10 π‘È«

‚¥¬„™â™ÿ¥¥‘πª“°™àÕß®“° ∂“π’«‘®—¬æ◊™‰√à ÿ«√√≥«“®°° ‘°‘® √¥πÈ”∑ÿ°«—π ·≈–„ÀâªÿÜ¬ Ÿμ√ 16-16-16 ‡¥◊Õπ≈–
1 §√—Èß ª≈Ÿ°‡ªìπ‡«≈“ 2 ‡¥◊Õπ ‡æ◊ËÕ„Àâ„∫™ÿ¥„À¡à (©—μ√∑’Ë 2) ‡®√‘≠‡μ‘∫‚μ ¡∫√Ÿ≥å ®—¥‰«â°≈“ß·®âß∑’Ë·ª≈ß
∑¥≈Õß 1 ¿“§«‘™“æ◊™ «π §≥–‡°…μ√ ¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å

«—¥°“√μÕ∫ πÕßμàÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå
¥â«¬· ß ÿ∑∏‘¢Õß„∫∑’ËÕÿ≥À¿Ÿ¡‘Õ“°“»μà“ßÊ ®”π«π 6 È́” (1 È́” §◊Õ 1 „∫μàÕμâπ) ¥â«¬‡§√◊ËÕß«—¥Õ—μ√“·≈°
‡ª≈’Ë¬π°ä“´√–∫∫‡ªî¥√ÿàπ LI-6400XT (LI-COR, Lincoln, NE, USA) ¥â«¬À—««—¥™π‘¥∑’Ë “¡“√∂°”Àπ¥
§«“¡‡¢â¡· ß‰¥â (LED red/blue light source) „πÀâÕß∑’Ë “¡“√∂§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘Õ“°“»‰¥â ‚¥¬°”Àπ¥
§«“¡‡¢â¡· ß∑’Ë 1,400 μmol m-2 s-1 §«“¡™◊Èπ —¡æ—∑∏åÕ¬Ÿà√–À«à“ß 50-80 ‡ªÕ√å‡´Áπμå ·≈–μ—Èß§à“°”Àπ¥
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„Àâ‡§√◊ËÕß«—¥Õ—μ√“·≈°‡ª≈’Ë¬π°ä“´√–∫∫‡ªî¥∫—π∑÷°¢âÕ¡Ÿ≈Õ—μ‚π¡—μ‘ ·≈–§”π«≥§à“Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘
‡¡◊ËÕ§à“ —¡ª√– ‘∑∏‘Ï√«¡¢Õß°“√·ª√º—π (total coefficient of variations) μË”°«à“ 1% ‚¥¬‡√‘Ë¡μâπ«—¥∑’Ë
Õÿ≥À¿Ÿ¡‘Õ“°“» 28 Õß»“‡´≈‡´’¬ °àÕπ À≈—ß®“°‡ √Á®®÷ßπ”°≈—∫ÕÕ°‰ªª≈Ÿ°‡≈’È¬ß„π ¿“æ·«¥≈âÕ¡‡¥‘¡
πÕ°ÀâÕß‡æ◊ËÕª√—∫μ—«‡ªìπ‡«≈“π“π 1 «—π ®÷ßπ”°≈—∫‡¢â“¡“„π«—¥°“√μÕ∫ πÕß¢ÕßμàÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´
§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»∑’ËÕÿ≥À¿Ÿ¡‘Õ“°“»μË”≈ß ‰¥â·°à 22, 15, ·≈– 10 Õß»“‡´≈‡ ’́¬  μ“¡≈”¥—∫
®÷ß‡ª≈’Ë¬π‡ªìπ°“√μ√«®«—¥„π ¿“æÕÿ≥À¿Ÿ¡‘Õ“°“» Ÿß¢÷Èπ 32, 36, 40, 42, ·≈– 45 Õß»“‡´≈‡ ’́¬  μ“¡≈”¥—∫
«—¥°“√μÕ∫ πÕß¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘¢Õß„∫μàÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å
„πÕ“°“»¿“¬„μâÕÿ≥À¿Ÿ¡‘Õ“°“»∑’Ë√–¥—∫μà“ßÊ „π™à«ß‡«≈“ 9.00-14.00 π. ‚¥¬ª√—∫„™â«‘∏’°“√¢Õß Kositsup
·≈–§≥– [4] ‚¥¬√–¥—∫§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»‡√‘Ë¡μâπ∑’Ë 400 μmol mol-1

°àÕπ ®“°π—Èπ®÷ß«—¥Õ—μ√“°“√ —ß‡§√“–Àå· ß¢Õß„∫∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å≈¥πâÕ¬≈ß¡“‡ªìπ
300, 200, 100 ·≈– 50 μmol m-2 s-1 μ“¡≈”¥—∫ μàÕ¡“®–ª√—∫§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å
„Àâ‡ªìπ 400 μmol m-2 s-1 ·≈–√Õ®π°√–∑—ËßÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß ÿ∑∏‘§ß∑’Ë·≈â« ®÷ß«—¥Õ—μ√“
°“√ —ß‡§√“–Àå· ß¢Õß„∫∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å‡æ‘Ë¡¢÷Èπ‡ªìπ 600, 800, 1,000, 1,200,
1,500, 1,800 ·≈– 2,000 μ“¡≈”¥—∫

«‘‡§√“–Àå°“√μÕ∫ πÕß¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘¢Õß„∫∑’Ë§«“¡‡¢â¡· ß ŸßμàÕÕÿ≥À¿Ÿ¡‘„∫
(´÷Ëß®–·μ°μà“ßª√–¡“≥ ±1 Õß»“‡´≈‡´’¬ ®“°Õÿ≥À¿Ÿ¡‘Õ“°“»∑’Ë°”Àπ¥‰«â‡¡◊ËÕ∑”°“√«—¥ ∑’Ë§«“¡‡¢â¡¢âπ¢Õß
°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»√–¥—∫μà“ß Ê ¥â«¬·∫∫®”≈Õß∂¥∂Õ¬‡™‘ß‡ âπμ√ßÀ≈“¬μ—«·ª√ (multiple linear
regression model) ‚¥¬„™â ¡°“√ 4th order polynomial equation (Y = aX4 + bX3 + cX2 + dX + e)
¥â«¬ procedure reg „π‚ª√·°√¡ Statistical Analysis System (SAS) (SAS Institute, USA) ®“°π—Èπ
ª√–‡¡‘πÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ (Optimum temperature, Topt) μàÕÕ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘¢Õß„∫∑’Ë
§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»√–¥—∫μà“ßÊ ·≈–§”π«≥§à“Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘
¡“°∑’Ë ÿ¥ ∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡π—ÈπÊ (Pmax_Topt), §à“Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘∑’Ë‡À¡“– ¡ ∑’ËÕÿ≥À¿Ÿ¡‘
∑’Ë‡À¡“– ¡π—ÈπÊ (Popt_Topt) ·≈–π”§à“∑’Ëª√–‡¡‘π‰¥â®“°·μà≈–„∫¡“‡©≈’Ë¬®–‰¥â Topt, Popt_Topt ·≈–
Pmax_Topt ∑’Ë·μà≈–√–¥—∫§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å

º≈°“√∑¥≈Õß
º≈°“√»÷°…“Õ‘∑∏‘æ≈¢ÕßÕÿ≥À¿Ÿ¡‘μàÕ°√–∫«π°“√ —ß‡§√“–Àå¥â«¬· ß¢Õß¬“ßæ“√“ ‡¡◊ËÕ§«∫§ÿ¡

§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å∑’Ë 400 μmol mol-1 · ¥ß„π√Ÿª∑’Ë 1 æ∫«à“ Õÿ≥À¿Ÿ¡‘Õ“°“»∑’Ë°”Àπ¥
‰¥â 28 Õß»“‡´≈‡´’¬  ‡ªìπÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡∑’Ë ÿ¥∑’Ë∑”„ÀâÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß Ÿß ÿ∑∏‘∑’Ë ÿ¥
‡∑à“°—∫ 12.3 μmol m-2 s-1 ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘≈¥μË”°«à“ 28 Õß»“‡´≈‡´’¬  Õ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß ÿ∑∏‘
¢Õß¬“ßæ“√“®–≈¥≈ß ‚¥¬Õ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß ÿ∑∏‘≈¥≈ßμË” ÿ¥∑’ËÕÿ≥À¿Ÿ¡‘ 10 Õß»“‡´≈‡ ’́¬ 
‡∑à“°—∫ 4.9 μmol m-2 s-1 „π¢≥–∑’Ë‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘„Àâ Ÿß°«à“ 28 Õß»“‡´≈‡´’¬  æ∫«à“ Õ—μ√“°“√
 —ß‡§√“–Àå¥â«¬· ß¢Õß¬“ßæ“√“®–≈¥≈ß‡™àπ°—π ‚¥¬‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘„Àâ Ÿß∂÷ß 45 Õß»“‡´≈‡´’¬  ∑”„Àâ
Õ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ßμË”∑’Ë ÿ¥ §◊Õ 2.2 μmol m-2 s-1 (√Ÿª∑’Ë 1)
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 ¡°“√ 4th order polynomial equation  “¡“√∂Õ∏‘∫“¬§«“¡·ª√ª√«π¢Õß°“√μÕ∫ πÕß
μàÕÕÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘‰¥â¡“°∂÷ß 98.3 ‡ªÕ√å‡´Áπμå ‚¥¬æ∫§à“Õÿ≥À¿Ÿ¡‘
∑’Ë‡À¡“– ¡ ‡ªìπ 27.3 Õß»“‡´≈‡ ’́¬  ·≈–§à“Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘ ∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡π—ÈπÊ
‡ªìπ 12.9 μmol m-2 s-1

º≈°“√»÷°…“·≈–°“√«‘‡§√“–Àå°“√μÕ∫ πÕß¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘μàÕÕÿ≥À¿Ÿ¡‘„∫
¢Õß·μà≈–„∫ (®”π«π 6 „∫ „π·μà≈–√–¥—∫§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“») · ¥ß‰«â„π
μ“√“ß∑’Ë 1 Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ (Topt) ·≈– §à“Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘¡“°∑’Ë ÿ¥ ∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡π—ÈπÊ
(Pmax_Topt) ·μà≈–§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»

√Ÿª∑’Ë 1 °“√μÕ∫ πÕß¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß ÿ∑∏‘¢Õß„∫μàÕÕÿ≥À¿Ÿ¡‘„∫ ¢Õßμâπ∑’Ë 1 ∑’Ë§«“¡‡¢â¡¢âπ
¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å 400 μmol mol-1 ‚¥¬‡ âπ∑÷∫· ¥ß§à“∑’Ëª√–‡¡‘π®“° 4th order
polynomial regression

μ“¡ ¡°“√ (Y = aX4 + bX3 + cX2 + dX + e) ¡’§à“ Prob > F ‡ªìπ 0.0008 ·≈– §à“
R-square ‡ªìπ 0.983
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μ“√“ß∑’Ë 1 º≈°“√«‘‡§√“–Àå°“√μÕ∫ πÕß¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘¢Õß„∫∑’Ë§«“¡‡¢â¡· ß ŸßμàÕ
Õÿ≥À¿Ÿ¡‘„∫∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»√–¥—∫μà“ßÊ ¥â«¬·∫∫®”≈Õß
∂¥∂Õ¬‡™‘ß‡ âπμ√ßÀ≈“¬μ—«·ª√ (multiple linear regression model) ‚¥¬„™â ¡°“√ 4th order
polynomial equation (Y = aX4 + bX3 + cX2 + dX + e)

Ranges Mean

CO2 Prob > F R2 Topt Pmax_Topt Topt Pmax_Topt

(oC) (μmol m-2 s-1) (oC) (μmol m-2 s-1)

50    0.0002 - 0.556 0.455 - 0.991 8.8 - 14.0 0.34 - 1.52 13.9 1.51
100    0.0001 - 0.027 0.900 - 0.980 13.2 - 23.4 0.98 - 2.42 17.4 1.88
200    0.0001 - 0.001 0.937 - 0.994 18.0 - 26.3 4.43 - 6.65 23.5 5.66
300    0.0011 - 0.014 0.928 - 0.980 24.5 - 28.1 8.47 - 10.7 26.6 9.47
400    0.0008 - 0.018 0.919 - 0.983 25.1 - 29.0 11.4 - 14.8 27.3 12.99
600 < 0.0001 - 0.009 0.994 - 0.995 26.7 - 32.2 15.7 - 21.3 30.6 19.60
800 < 0.0001 - 0.005 0.955 - 0.994 30.9 - 36.2 20.5 - 28.5 33.2 24.07
1000 < 0.0001 - 0.003 0.965 - 0.994 32.0 - 37.7 25.1 - 33.3 35.7 29.45
1200 < 0.0001 - 0.002 0.972 - 0.996 33.2 - 38.9 26.0 - 36.2 36.6 32.57
1500 < 0.0001 - 0.019 0.974 - 0.996 34.4 - 37.4 26.3 - 34.1 35.9 30.31
1800 < 0.0001 - 0.001 0.974 - 0.997 34.5 - 39.0 26.9 - 35.1 37.0 32.67
2000    0.0001 - 0.001 0.974 - 0.996 33.4 - 40.0 26.4 - 46.2 37.0 34.46

°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“» ∑’Ë∑”„Àâ°“√μÕ∫ πÕßμàÕ
Õÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘‡ª≈’Ë¬π·ª≈ß‰ª ‚¥¬§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥
ÕÕ°‰´¥åπâÕ¬Ê §◊Õ 100 μmol mol-1 æ∫Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘‡ª≈’Ë¬π·ª≈ßπâÕ¬ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘¢Õß
Õ“°“»‡ª≈’Ë¬π ·μà‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å‡æ‘Ë¡¡“°¢÷Èπ Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘®–
‡æ‘Ë¡¢âπ ·≈–®–æ∫°“√μÕ∫ πÕß¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘μàÕÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¡“°¢÷Èπ¥â«¬ ·≈–§à“
Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ (Topt) ·≈–§à“Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘∑’Ë‡À¡“– ¡ ∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡π—ÈπÊ
(Popt_Topt)°Á‡æ‘Ë¡¡“°¢÷Èπ‡™àπ°—π (√Ÿª∑’Ë 2 )
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√Ÿª∑’Ë 2 °“√μÕ∫ πÕß¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß ÿ∑∏‘¢Õß„∫·μà≈–„∫μàÕÕÿ≥À¿Ÿ¡‘„∫ ∑’Ë §”π«≥®“°
·∫∫®”≈Õß 4th order polynomial equation ∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å √–¥—∫
100, 200, 400, 800, 1,200 ·≈– 1,800 μmol mol-1 (®”π«π∑—ÈßÀ¡¥ 6 ´È”)

°“√»÷°…“°“√μÕ∫ πÕßÕÿ≥À¿Ÿ¡‘¢ÕßÕ“°“»μàÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å æ∫«à“
Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡μàÕ°“√ —ß‡§√“–Àå¥â«¬· ß ÿ∑∏‘¢Õß„∫¬“ßæ“√“‡æ‘Ë¡¡“°¢÷Èπμ“¡§«“¡‡¢â¡¢âπ¢Õß°ä“´
§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»∑’Ë‡æ‘Ë¡¢÷Èπ®“°™à«ß 50 ∂÷ß 1,000 μmol mol-1 ·μà·∑∫‰¡à‡ª≈’Ë¬π·ª≈ß
‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»∑’Ë‡æ‘Ë¡¢÷Èπ®“°™à«ß 1,200 ∂÷ß 2,000 μmol mol-1

(√Ÿª∑’Ë 3)
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§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„π√–¥—∫μË”∑’Ë 50 μmol mol-1 ®–∑”„ÀâÕÿ≥À¿Ÿ¡‘∑’Ë
‡À¡“– ¡μàÕ°“√ —ß‡§√“–Àå¥â«¬· ß¡’§à“‡∑à“°—∫ 13.9 Õß»“‡´≈‡ ’́¬  ¢≥–∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´
§“√å∫Õπ‰¥ÕÕ°‰´¥å„π∫√√¬“°“»¡’§à“‡∑à“°—∫ 400 μmol mol-1 Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡μàÕ°“√ —ß‡§√“–Àå
¥â«¬· ß‡æ‘Ë¡¢÷Èπ‡ªìπ 27.3 Õß»“‡´≈‡´’¬  ´÷Ëß¡’§à“Õ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß‡∑à“°—∫ 12.9 μmol m-2 s-1

(μ“√“ß∑’Ë1) ‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å‡æ‘Ë¡ Ÿß¡“°¢÷Èπ‰ªÕ’° ®–∑”„ÀâÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡
μàÕ§à“Õ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß‡æ‘Ë¡ Ÿß¢÷Èπ‰ª¥â«¬ ®π°√–∑—Ëß§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å¡“°
°«à“ 1,200 μmol mol-1 ¢÷Èπ‰ª ®–∑”„ÀâÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡μàÕ°“√ —ß‡§√“–Àå¥â«¬· ß„°≈â‡§’¬ß°—π‚¥¬¡’
§à“‡©≈’Ë¬ª√–¡“≥ 36.6 Õß»“‡´≈‡ ’́¬  (√Ÿª∑’Ë 3) „π¢≥–∑’ËÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß Ÿß ÿ¥¬—ß¡’·π«‚πâ¡
‡æ‘Ë¡¡“°¢÷Èπ‰¥âÕ’° (μ“√“ß∑’Ë 1)

√Ÿª∑’Ë 3 §«“¡ —¡æ—π∏å√–À«à“ßÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ (Topt) μàÕÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß ÿ∑∏‘¢Õß„∫¬“ß
æ“√“∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»√–¥—∫μà“ß Ê

°“√‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“» πÕ°®“°®–∑”„ÀâÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡
¢Õß„∫¬“ßæ“√“‡æ‘Ë¡¢÷Èπ·≈â« ¬—ß∑”„ÀâÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß Ÿß ÿ¥‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡‡æ‘Ë¡
¢÷Èπ®“° 13.9 Õß»“‡´≈‡ ’́¬  ‡ªìπ 37.0 Õß»“‡´≈‡ ’́¬  ∑”„ÀâÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß¡’·π«‚πâ¡‡æ‘Ë¡
¢÷Èπμ“¡Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ¥â«¬ Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡∑’Ë 37.0 Õß»“‡´≈‡ ’́¬  ¡’Õ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß Ÿß ÿ¥
‡∑à“°—∫ 30.3 μmol m-2 s-1 (√Ÿª∑’Ë 4) Õÿ≥À¿Ÿ¡‘∑’Ë 13.9 Õß»“‡´≈‡ ’́¬  ∑”„ÀâÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß
 Ÿß ÿ¥¡’§à“‡æ’¬ß 1.5 μmol m-2 s-1 ‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“» ‡æ‘Ë¡ Ÿß¡“°¢÷Èπ
°«à“ 1,200 μmol mol-1 Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘¡“°∑’Ë ÿ¥ Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡π—ÈπÊ (Pmax_Topt)
¬—ß “¡“√∂‡æ‘Ë¡¢÷Èπ‰¥â Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ (Topt) ®–§ß∑’Ëª√–¡“≥ 37 Õß»“‡´≈‡´’¬ 
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√Ÿª∑’Ë 4 §«“¡ —¡æ—π∏å√–À«à“ßÕ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘¡“°∑’Ë ÿ¥ ∑’ËÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡π—ÈπÊ (Pmax_Topt)
°—∫Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ (Topt) (∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»√–¥—∫μà“ßÊ
¥—ß· ¥ß„π√Ÿª∑’Ë 3)

«‘®“√≥åº≈°“√∑¥≈Õß
§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»·≈–Õÿ≥À¿Ÿ¡‘¡’Õ‘∑∏‘æ≈μàÕÕ—μ√“°“√

 —ß‡§√“–Àå¥â«¬· ß ÿ∑∏‘¢Õß„∫¬“ßæ“√“ ÷́Ëß‡ªìπæ◊™∑’Ë¡’‡¡·∑∫Õ≈‘´÷¡·∫∫ C3 °“√‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠
¢ÕßÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß ÿ∑∏‘‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»‡æ‘Ë¡¡“°¢÷Èπ®“°
√–¥—∫„πªí®®ÿ∫—π (ª√–¡“≥ 400 μmol mol-1) ∫àß™’È«à“§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»
‡ªìπªí®®—¬ ”§—≠∑’Ë®”°—¥Õ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß¢Õß„∫¬“ßæ“√“ ¥—ßπ—Èπ À“°§«“¡‡¢â¡¢âπ¢Õß°ä“´
§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»¬—ß§ß‡æ‘Ë¡¡“°¢÷ÈπμàÕ‰ª„πÕπ“§μ®–∑”„ÀâÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß¢Õß¬“ß
æ“√“‡æ‘Ë¡¡“°¢÷Èπ‰¥â ´÷Ëß®–¡’·π«‚πâ¡∑”„Àâ∑—Èß™’«¡«≈·≈–º≈º≈‘μ¢Õß¬“ßæ“√“‡æ‘Ë¡¢÷Èπ‰¥â„π√–¥—∫Àπ÷Ëß

Õÿ≥À¿Ÿ¡‘‡ªìπªí®®—¬ ”§—≠∑’Ë¡’Õ‘∑∏‘æ≈μàÕ°“√ —ß‡§√“–Àå¥â«¬· ß¢Õß¬“ßæ“√“ ´÷Ëß “¡“√∂
 —ß‡§√“–Àå¥â«¬· ß‰¥â„π™à«ßÕÿ≥À¿Ÿ¡‘°«â“ß¡“° ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å 400 μmol mol-1

„∫¬“ßæ“√“ “¡“√∂ —ß‡§√“–Àå· ß‰¥â¡“°°«à“ 25 ‡ªÕ√å‡´Áπμå ¢Õß (Pmax_Topt) „π™à«ßÕÿ≥À¿Ÿ¡‘
√–À«à“ß 10 Õß»“‡´≈‡ ’́¬  ∂÷ß 45 Õß»“‡´≈‡ ’́¬  ·≈–¡’·π«‚πâ¡∑’Ë®–¬—ß¡’Õ—μ√“°“√ —ß‡§√“–Àå· ß ÿ∑∏‘
‡ªìπ∫«°‡≈Á°πâÕ¬‰¥â∑’ËÕÿ≥À¿Ÿ¡‘μË”„°≈â 5 Õß»“‡´≈‡´’¬  ·≈–∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß‡°◊Õ∫ 50 Õß»“‡´≈‡ ’́¬ 

‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»‡æ‘Ë¡¢÷Èπ®–∑”„ÀâÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡
μàÕ°“√ —ß‡§√“–Àå¥â«¬· ß¢Õß¬“ßæ“√“‡æ‘Ë¡¡“°¢÷Èπ ÷́Ëß¡’ “‡ÀμÿÀ≈—°§◊Õ (1) ‚¥¬ª°μ‘„πæ◊™ C3 °“√ Ÿ≠‡ ’¬
°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å‚¥¬°√–∫«π°“√À“¬„®¥â«¬· ß®–‡æ‘Ë¡¢÷Èπ¡“°‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ ‡æ√“–Õÿ≥À¿Ÿ¡‘
∑’Ë‡æ‘Ë¡¢÷Èπ∑”„ÀâÕ—μ√“ à«π¢Õß§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥åμàÕ°ä“´ÕÕ°´‘‡®π≈¥≈ß ¥—ßπ—Èπ®÷ß
∑”„Àâ‡Õπ‰´¡å rubisco ¡’·π«‚πâ¡‡√àßªØ‘°‘√‘¬“°“√μ√÷ß°ä“´ÕÕ°´‘‡®π„π —¥ à«π‡æ‘Ë¡¡“°¢÷Èπ [5] ·≈– (2) °“√
‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»∑”„ÀâÕ—μ√“ à«π¢Õß§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥-
ÕÕ°‰´¥åμàÕ°ä“´ÕÕ° ‘́‡®π‡æ‘Ë¡¢÷Èπ ®÷ß∑”„ÀâÕ—μ√“°“√À“¬„®¥â«¬· ßπâÕ¬≈ßÕ¬à“ß¡’π—¬ ”§—≠ ¥—ßπ—ÈπÕÿ≥À¿Ÿ¡‘
∑’Ë‡À¡“– ¡μàÕ°“√ —ß‡§√“–Àå¥â«¬· ß Ÿß¢÷Èπ°«à“∑’Ëæ∫„π ¿“æ∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å
„π√–¥—∫ª°μ‘
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 √ÿª
°“√»÷°…“π’È · ¥ß„Àâ‡ÀÁπ«à“°“√‡æ‘Ë¡¢÷Èπ¢Õß§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»

∑”„ÀâÕÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ ”À√—∫°“√ —ß‡§√“–Àå¥â«¬· ß¢Õß„∫¬“ßæ“√“‡æ‘Ë¡¢÷Èπ §◊Õ∑’Ë§«“¡‡¢â¡¢âπ¢Õß°ä“´
§“√å∫Õπ‰¥ÕÕ°‰´¥å∑’Ë 400 μmol mol-1 „∫¬“æ“√“®–¡’Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡μàÕ°“√ —ß‡§√“–Àå¥â«¬· ß §◊Õ
27.3 Õß»“‡´≈‡´’¬  ‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å‡æ‘Ë¡¢÷Èπ‡ªìπ∑’Ë 1,000 μmol mol-1 Õÿ≥À¿Ÿ¡‘
∑’Ë‡À¡“– ¡μàÕ°“√ —ß‡§√“–Àå¥â«¬· ß®–‡æ‘Ë¡¢÷Èπ‡ªìπ 35.6 Õß»“‡´≈‡ ’́¬  §«“¡‡¢â¡¢âπ¢Õß°ä“´§“√å∫Õπ‰¥-
ÕÕ°‰´¥å∑’Ë 1200-1800 μmol mol-1 Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡μàÕ°“√ —ß‡§√“–Àå¥â«¬· ß‚¥¬¡’§à“‡©≈’Ë¬ª√–¡“≥
36.6 Õß»“‡´≈‡´’¬  ·μàÕ—μ√“°“√ —ß‡§√“–Àå¥â«¬· ß¢Õß„∫¬—ß‡æ‘Ë¡¢÷Èπ‰¥âÕ’°

°‘μμ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥»Ÿπ¬å§«“¡√à«¡¡◊Õ∑“ß«‘™“°“√‰∑¬-Ω√—Ëß‡»  ·≈–¿“§«‘™“æ◊™ «π §≥–‡°…μ√

¡À“«‘∑¬“≈—¬‡°…μ√»“ μ√å ∑’Ë„Àâ§«“¡Õπÿ‡§√“–ÀåÕÿª°√≥å·≈– ∂“π∑’Ë
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