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Abstract

Rice is an important crop for Thailand, but its yield is low partly due to limited water availability.

As water demands by various sectors continually increase, any yield improvement has to be considered in

parallel with that of water use efficiency. Analysis to find options for better yield and water use efficiency

inevitably involves estimation of evapotranspiration for which the Penman-Monteith equation has been widely

used. However, the unavailability of complete local weather data has largely restricted its application. Preliminary

analysis of the paddy environment suggests that environmental variables other than solar radiation tend to be
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stable, and hence lead to the hypothesis that evapotranspiration could be related linearly to solar radiation.

If true, it can be used to extend the estimation of evapotranspiration to cover a greater area. Therefore,

measurements of evapotranspiration using Bowen Ration Energy Balance, solar radiation and other environments

of the paddy were made in Khon Kaen and Roiet Provinces during 2006 to obtain data to test the hypothesis.

The results indicate that the evapotranspirational rate can be described as a linear function of solar radiation,

and the linear approximation had accuracy comparable to that of the Penman-Monteith equation.

§” ”§Ì≠: ¢â“«, °“√§“¬√–‡À¬, √—ß ’¥«ßÕ“∑‘µ¬å

Keywords: rice, evapotranspiration, solar radiation
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·≈–°“√‡°Á∫¢âÕ¡Ÿ≈¥—ßπ’È

«—¥§«“¡µà“ß¢ÕßÕÿ≥À¿Ÿ¡‘Õ“°“»    ·≈–

§«“¡µà“ß§«“¡¥—π‰ÕπÌÈ“ „πÕ“°“» ∑’Ë√–¥—∫§«“¡

 Ÿß 10 ·≈– 110 ´¡. ®“°¬Õ¥æ◊™‚¥¬„™â thermister

·≈– Intercap® humidity probe °“√«—¥‰¥â„™â sensor

™ÿ¥‡¥’¬«‡æ◊ËÕ¢®—¥ systematic sensor errors ·µà„™âæ—¥≈¡

‡ªÉ“Õ“°“»®“°µ”·Àπàß∑—Èß 2 ºà“π sensor  ≈—∫°—π

µ”·Àπàß≈– 2 π“∑’À¡ÿπ‡«’¬πµ≈Õ¥ 24 ™—Ë«‚¡ß

„π™à«ß‡«≈“ 2 π“∑’π—Èπ 40 «‘π“∑’·√°‡ªìπ™à«ß∑’Ëª≈àÕ¬

„Àâ√–∫∫ª√—∫µ—« ®÷ß¬—ß‰¡à∑”°“√‡°Á∫¢âÕ¡Ÿ≈ À≈—ß®“°

π—Èπ®–‡°Á∫§à“Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ∑ÿ°Ê«‘π“∑’‰ª®π§√∫

80 «‘π“∑’ °àÕπ∑’Ë®–∑”°“√ ≈—∫°“√ sample Õ“°“»

®“°Õ’°µ”·ÀπàßÀπ÷Ëß ‡¡◊ËÕ§√∫ 10 √Õ∫¢Õß°“√«—¥

(20 π“∑’) ®÷ßÀ“§à“‡©≈’Ë¬¢ÕßÕÿ≥À¿Ÿ¡‘·≈–§«“¡¥—π

‰ÕπÈ”∑’Ëµ”·Àπàß∑—Èß 2 ·≈–∫—π∑÷°§à“¥—ß°≈à“« ¥—ßπ—Èπ

®–¡’§à“‡©≈’Ë¬√“¬ 20 π“∑’√«¡ 72 §à“µàÕ«—π

µ√«®«—¥§à“æ≈—ßß“π√—ß ’ ÿ∑∏‘ (R
n
) ‚¥¬„™â

net radiator ÷́Ëß«—¥√—ß ’ ÿ∑∏‘∑—Èß short wave

·≈– longwave ∑ÿ°«‘π“∑’ ·≈–‡¡◊ËÕ§√∫ 20 π“∑’®–π”

§à“∑’Ë«—¥∑—ÈßÀ¡¥¡“À“§à“‡©≈’Ë¬√“¬ 20 π“∑’ ·≈–∫—π∑÷°

„π·µà≈–«—π®–¡’§à“‡©≈’Ë¬√“¬ 20 π“∑’ 72 §à“ „π°“√

«—¥§à“æ≈—ßß“π√—ß ’ ÿ∑∏‘‰¥âª√—∫·°â§«“¡‡∫’Ë¬ß‡∫π

‡π◊ËÕß®“°≈¡µ“¡§Ÿà¡◊Õ°“√„™âß“π §«“¡‡√Á«≈¡π—Èπ«—¥‚¥¬

anemometer  à«π√—ß ’¥«ßÕ“∑‘µ¬åπ—Èπ‰¥â∑”°“√«—¥‚¥¬„™â

Quantum sensor ∑’Ëµ‘¥µ—Èß∑’Ë√–¥—∫‡¥’¬«°—π°—∫ net radiator

·≈–·ª≈ß§à“ Photosynthetically Photon Flux Density

„Àâ‡ªìπ§à“ solar radiation ‚¥¬„™â§à“ —¡ª√– ‘∑∏‘

2.3 uMole m-2 s-1 PPFD = 1 W m-2 solar radiation

(Biggs, 1984)

«—¥Õ—µ√“°“√∂à“¬‡∑æ≈—ßß“π§«“¡√âÕπ∑’Ë§«“¡≈÷°

8 ´¡. ®“°º‘«¥‘π 2 µÌ“·Àπàß ‚¥¬„™â soil heat flux

plate ·≈–À“§à“‡©≈’Ë¬√“¬ 20 π“∑’ ‡™àπ‡¥’¬«°—∫°“√«—¥

§à“Õ◊ËπÊ  ”À√—∫°“√«—¥§à“‡©≈’Ë¬Õÿ≥À¿Ÿ¡‘¥‘π∑’Ë§«“¡≈÷°

0-8 ´¡.π—Èπ‰¥â„™â thermocouple type E (chromel

constantan) «—¥ 3 µ”·Àπàß ·≈–‡™◊ËÕ¡µàÕ “¬‡¢â“¥â«¬

°—π·∫∫¢π“π „π™à«ß 20 π“∑’π—Èπ ®–∑”°“√«—¥

Õÿ≥À¿Ÿ¡‘¥‘π∑ÿ°Ê«‘π“∑’‡©æ“–™à«ß 5 π“∑’ ÿ¥∑â“¬‡∑à“π—Èπ

®“°π—Èππ”§à“¥—ß°≈à“«‰ªÀ“‡ªìπ§à“‡©≈’Ë¬·≈–π”‰ª

ª√–‡¡‘πÀ“Õ—µ√“°“√‡ª≈’Ë¬π·ª≈ß¢ÕßÕÿ≥À¿Ÿ¡‘¥‘π√“¬

20 π“∑’  ”À√—∫§«“¡™◊Èπ¥‘π„π™à«ß§«“¡≈÷° 0-8 ´¡.

∑”°“√«—¥‚¥¬„™â Time Domain Reflectometer (TDR)

∑ÿ°Ê 20 π“∑’ ‡™àπ‡¥’¬«°—∫°“√«—¥Õÿ≥À¿Ÿ¡‘¥‘π

 à«π√–¥—∫πÌÈ“‡Àπ◊Õº‘«¥‘ππ—Èπ‰¥â∑”°“√«—¥√“¬ —ª¥“Àå

     π”§à“∑’Ë‰¥â®“°°“√µ√«®«—¥¿“§ π“¡¡“§”π«πÀ“

Õ—µ√“°“√§“¬√–‡À¬ ET µ“¡ ¡°“√¢Õß energy balance

·≈–

´÷Ëß §◊Õ —¡ª√– ‘∑∏‘Ï§«“¡√âÕπ·Ωß¢Õß°“√√–‡À¬

¢ÕßπÌÈ“  §◊Õ Bowen ratio  §◊Õ psychrometer

constant ·≈– G §◊Õº≈√«¡¢Õß°“√‡ª≈’Ë¬π·ª≈ß¢Õß

æ≈—ßß“π∑’Ë – ¡„ππÌÈ“‡Àπ◊Õº‘«¥‘π ∑’Ë – ¡„π¥‘π∑’Ë

√–¥—∫§«“¡≈÷° 0-8 ´¡. ·≈–Õ—µ√“°“√∂à“¬‡∑æ≈—ßß“π

§«“¡√âÕπºà“π™—Èπ¥‘π∑’Ë§«“¡≈÷° 8 ´¡. §«“¡®ÿ

æ≈—ßß“π§«“¡√âÕπ heat capacity ¢Õß¥‘π®–¢÷Èπ°—∫

§«“¡™◊Èπ¥‘π„π¢≥–π—ÈπÊ ·≈–§«“¡®ÿæ≈—ßß“π§«“¡

√âÕπ¢Õß¥‘π·Àâß ´÷Ëß°”Àπ¥„Àâ¡’§à“‡∑à“°—∫ 840 J kg-1

K-1 R
n
 §◊Õæ≈—ßß“π√—ß ’ ÿ∑∏‘  §◊Õ§«“¡µà“ß¢Õß

Õÿ≥À¿Ÿ¡‘Õ“°“» ·≈–    §◊Õ§«“¡µà“ß§«“¡¥—π‰ÕπÌÈ“

„πÕ“°“»
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«“√ “√«‘®—¬ ¡¢. 14 (3) : ¡’π“§¡ 2552256
°“√ª√–‡¡‘π°“√§“¬√–‡À¬®“°¢â“«π“ «πÕ“»—¬πÈ”Ωπ‚¥¬ ¡°“√·∫∫‡√’¬∫ßà“¬

º≈°“√«‘®—¬·≈–«‘®“√≥åº≈

§«“¡ —¡æ—π∏å√–À«à“ßÕ—µ√“°“√§“¬√–‡À¬·≈–

æ≈—ßß“π√—ß ’ ÿ∑∏‘

º≈®“°°“√«—¥∑’Ë ®. ¢Õπ·°àπ ·≈– √âÕ¬‡ÕÁ¥

„πªï 2549 ™’È«à“§«“¡ —¡æ—π∏å√–À«à“ß·≈–  “¡“√∂

∫√√¬“¬‰¥â‚¥¬ ¡°“√‡ âπµ√ß ·≈–¡’§à“ determination

coefficient  ‡∑à“°—∫ 0.96 ·≈– 0.97 ¥—ß· ¥ß„π√Ÿª∑’Ë 1

√Ÿª∑’Ë 1. §«“¡ —¡æ—π∏å¢ÕßÕ—µ√“°“√∂à“¬‡∑§«“¡√âÕπ„π√Ÿª¢Õß§«“¡√âÕπ·Ωß°—∫æ≈—ßß“π√—ß ’ ÿ∑∏‘

∑’Ë (°) ®.¢Õπ·°àπ ·≈–∑’Ë (¢) ®.√âÕ¬‡ÕÁ¥

‡π◊ËÕß®“°§à“ —¡ª√– ‘∑∏‘Ï¢Õß ¡°“√‡ âπµ√ß∑—Èß Õß¡’

§à“„°≈â‡§’¬ß°—π®÷ß√«¡ ¡°“√∑—Èß Õß‡¢â“¥â«¬°—π·≈–„™â

§à“ —¡ª√– ‘∑∏‘Ï‡©≈’Ë¬¥—ßπ’È

(1)

slope ¢Õß ¡°“√‡ âπµ√ß (          ) ™’È«à“

80 % ¢Õßæ≈—ßß“π√—ß ’ ÿ∑∏‘∂Ÿ°„™â„π°√–∫«π°“√§“¬

√–‡À¬πÌÈ“ ·≈–®–¡’Õ—µ√“°“√§“¬√–‡À¬πÌÈ“®“°π“¢â“«

ª√–¡“≥ 0.8 ¡¡. µàÕ«—π (2.0 MJ m-2 d-1 / 2.45 MJ kg-1)

´÷Ëß‡°‘¥®“°§«“¡·Àâß¢ÕßÕ“°“»·≈–≈¡ ´÷Ëß‡ªìπÕ‘ √–

®“°æ≈—ßß“π√—ß ’ ÿ∑∏‘√“¬«—π

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ ¡°“√‡ âπµ√ß°—∫ ¡°“√¢Õß

Penman-Monteith (Allen ·≈–§≥– 1998) ´÷Ëß‰¥â

‡¢’¬π·¬°‡ªìπ radiative ·≈– adiabatic ‡∑Õ¡

(  §◊Õ slope ¢Õß saturation vapor curve   §◊Õmodified

psychrometer constant ‚¥¬∑’Ë

‡ªìπ§«“¡µâ“π∑“πµàÕ°“√‡§≈◊ËÕπ∑’Ë¢Õß‰ÕπÌÈ“®“°æ◊™ ·≈–

§«“¡µâ“π∑“π∑’Ë¢÷Èπ°—∫§«“¡‡√Á«≈¡ ·≈– G = 0

„π√–¥—∫√“¬«—π) ®–‡ÀÁπ‰¥â«à“

    ·≈–

®“°°“√ª√–‡¡‘π‚¥¬„™â§à“Õÿ≥À¿Ÿ¡‘™à«ß°≈“ß«—π

‡©≈’Ë¬µ≈Õ¥™à«ßƒ¥Ÿª≈Ÿ° ´÷Ëß¡’§à“‡∑à“°—∫ 30 C ·≈–

      ~ 0 ‚¥¬Õπÿ‚≈¡«à“°“√§“¬√–‡À¬®“°π“∑’Ë¡’πÌÈ“

¢—ß¡’≈—°…≥–§≈â“¬°—∫°“√§“¬√–‡À¬®“°∂“¥√–‡À¬ ·≈–

‰¥â√—∫º≈°√–∑∫®“°      πâÕ¬¡“°‡¡◊ËÕ‡∑’¬∫°—∫

®–æ∫«à“                           ¡’§à“‡∑à“°—∫ 0.78 „°≈â

‡§’¬ß°—∫§à“ slope ¢Õß ¡°“√‡ âπµ√ß´÷Ëß¡’§à“‡∑à“°—∫ 0.8

(   ) (   )
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‡¡◊ËÕª√–‡¡‘πÀ“§à“ a ‚¥¬„™â§à“‡©≈’Ë¬∑’Ë‰¥â®“°

°“√«—¥µ≈Õ¥™à«ßƒ¥Ÿª≈Ÿ°¢ÕßÕÿ≥À¿Ÿ¡‘™à«ß°≈“ß«—π (30 C)

vapour pressure deficit (0.70 kPa) §«“¡‡√Á«≈¡

(0.87 m s-1) ·≈–§«“¡ Ÿß¢â“« (1 ‡¡µ√) ®–ª√–‡¡‘π‰¥â«à“ a =

2.97 MJ m-2 d-1  §à“∑’Ë‰¥â®“°°“√ª√–‡¡‘π®– Ÿß°«à“§à“

intercept ¢Õß ¡°“√‡ âπµ√ß´÷Ëß¡’§à“ª√–¡“≥ 2 MJ

m-2 d-1 §«“¡§≈“¥‡§≈◊ËÕππ’ÈÕ“®‡°‘¥®“°§à“ª√–‡¡‘π

    µÌË“°«à“‡ªìπ®√‘ß (76.36 s m-1) ‡π◊ËÕß¡“®“°°“√„™â

§«“¡ Ÿß¢Õßµâπ¢â“«‡©≈’Ë¬µ≈Õ¥™à«ßƒ¥Ÿª≈Ÿ°‡∑à“°—∫ 1 ‡¡µ√

À“°„™â§«“¡ Ÿß‡©≈’Ë¬‡∑à“°—∫ 0.6 ‡¡µ√®–„Àâ§à“

‡∑à“°—∫ 113.15 s m-1 ·≈– a = 2

§«“¡ —¡æ—π∏å√–À«à“ßæ≈—ßß“π√—ß ’ ÿ∑∏‘·≈–æ≈—ßß“π

√—ß ’¥«ßÕ“∑‘µ¬å

      ”À√—∫§«“¡ —¡æ—π∏å√—ß ’ ÿ∑∏‘   ·≈–æ≈—ßß“π

√—ß ’¥«ßÕ“∑‘µ¬å   °Á “¡“√∂· ¥ß‰¥â„π√Ÿª ¡°“√

‡ âπµ√ß‡™àπ°—π ¥—ß√Ÿª∑’Ë 2 ‚¥¬¡’§à“      ‡∑à“°—∫ 0.97

∑’Ë ®. ¢Õπ·°àπ ·≈– 0.96 ∑’Ë ®. √âÕ¬‡ÕÁ¥

√Ÿª∑’Ë 2. §«“¡ —¡æ—π∏å¢Õßæ≈—ßß“π√—ß ’ ÿ∑∏‘°—∫æ≈—ßß“π√—ß ’¥«ßÕ“∑‘µ¬å∑’Ë (°) ®.¢Õπ·°àπ ·≈–∑’Ë (¢) ®.√âÕ¬‡ÕÁ¥

‡¡◊ËÕ‡©≈’Ë¬§à“ —¡ª√– ‘∑∏‘Ï¢Õß ¡°“√∑—Èß Õß‡¢â“¥â«¬°—π

¥—ß‡™àπ°√≥’·√° ®– “¡“√∂· ¥ß§«“¡§«“¡ —¡æ—π∏å

‚¥¬√«¡¥—ßπ’È

(2)

®“° ¡°“√¥ÿ≈¢Õß√—ß ’                          slope

¢Õß ¡°“√‡ âπµ√ß™’È „Àâ ‡ÀÁπ«à“ —¡ª√– ‘∑∏‘Ï°“√

 –∑âÕπæ≈—ßß“π√—ß ’¥«ßÕ“∑‘µ¬å¢Õßπ“¢â“« albedo

¡’§à“‚¥¬‡©≈’Ë¬‡∑à“°—∫ 0.3  Ÿß°«à“§à“∑’Ë„™â∑—Ë«‰ª§◊Õ 0.25

‡≈Á°πâÕ¬ ·µà‡∑à“°—∫§à“ª√–¡“≥¢Õß earth-atmosphere

(Andrews, 2000) ·≈–„°≈â‡§’¬ß°—∫§à“‡©≈’Ë¬ 0.62 ∑’Ë

Yoshida (1981) ‰¥â√“¬ß“π‰«â  à«π§à“ intercept = -1

¡’§à“„°≈â‡§’¬ß°—∫§à“æ≈—ßß“π√—ß ’ ÿ∑∏‘¢Õß longwave

∑’Ë‰¥â®“°°“√ª√–‡¡‘π‚¥¬„™â°Æ¢Õß Stefan-Boltzman

‡¡◊ËÕ     §◊Õ§à“§ß∑’Ë¢Õß Stefan-Boltzman ε emissivity

¢Õßæ◊Èπº‘«‡∑à“°—∫ 0.94     §◊ÕÕÿ≥À¿Ÿ¡‘√“¬«—π¢Õß

Õ“°“» ÷́Ëß®“°°“√«—¥¡’§à“‡©≈’Ë¬ ‡∑à“°—∫ 27C ·≈–

    §◊ÕÕÿ≥À¿Ÿ¡‘¥â“π≈à“ß¢Õß‡¡¶ ́ ÷ËßµÌË“°«à“  ‚¥¬ª√–¡“≥

2C (Monteith ·≈– Unsworth, 1990; ·≈– Jones, 1992)

·¡â —¡ª√– ‘∑∏‘Ï¢Õß ¡°“√ (1) ·≈– (2)

‡ ¡◊Õπ‡ªìπ§à“‡™‘ß empirical ·µà “¡“√∂«‘‡§√“–Àå‰¥â

«à “§à “¢Õß —¡ª√– ‘∑∏‘Ï¥— ß°≈à“«¡’§«“¡ —¡æ—π∏å

°—∫≈—°…≥–·«¥≈âÕ¡¢Õßæ◊Èπ∑’Ë ¥—ßπ—Èπ∑”„Àâ “¡“√∂

(   ) (   )
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ª√–‡¡‘πÀ√◊Õ∑¥ Õ∫§à“ —¡ª√– ‘∑∏å∑—Èß 4 ¥—ß°≈à“«‰¥â

®“°¢âÕ¡Ÿ≈¿Ÿ¡‘Õ“°“»∑’Ë¡’Õ¬Ÿà√Õ∫Ê æ◊Èπ∑’Ë‡ªÑ“À¡“¬

§«“¡ —¡æ—π∏å√–À«à“ßÕ—µ√“°“√§“¬√–‡À¬·≈–

æ≈—ßß“π√—ß ’¥«ßÕ“∑‘µ¬å

‡¡◊ËÕ√«¡ ¡°“√ (1) ·≈– (2) ‡¢â“¥â«¬°—π®–

 “¡“√∂‡¢’¬π§«“¡ —¡æ—π∏å¢ÕßÕ—µ√“°“√§“¬√–‡À¬

(mm d-1) ·≈–æ≈—ßß“π√—ß ’¥«ßÕ“∑‘µ¬å s (MJ m-2 d-1) ‰¥â‚¥¬

(3)

·≈–‡¡◊ËÕ    ~2.45 MJ kg-1 ®–‡¢’¬π„À¡à‰¥â¥—ßπ’È

°“√µ√«® Õ∫°“√ª√–‡¡‘πº≈¢Õß

 ¡°“√‡ âπµ√ß·≈–‡ª√’¬∫‡∑’¬∫°—∫«‘∏’°“√¢Õß

Penman «‘∏’°“√¢Õß Priestley Taylor ·≈–«‘∏’

°“√¢Õß Hargreaves

‰¥âµ√«® Õ∫º≈°“√ª√–‡¡‘πÕ—µ√“°“√§“¬

√–‡À¬¢Õß ¡°“√ (3) ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫º≈®“°°“√

«—¥¿“§ π“¡„π·ª≈ßπ“‚¥¬«‘∏’ Bowen Ration Energy

Balance ´÷Ëß‰¥â∑”°“√«—¥∑’Ë Õ.‡¡◊Õß ®.¢Õπ·°àπ ·≈–

Õ. ÿ«√√≥¿Ÿ¡‘ ®.√âÕ¬‡ÕÁ¥ „πªï 2548   ·≈–∑’Ë Õ.™ÿ¡·æ

®.¢Õπ·°àπ ·≈– Õ. ÿ«√√≥¿Ÿ¡‘ ®.√âÕ¬‡ÕÁ¥ „πªï 2549

æ√âÕ¡°—∫‡ª√’¬∫‡∑’¬∫°—∫«‘∏’°“√¢Õß Penman-Monteith

º≈°“√‡ª√’¬∫‡∑’¬∫ªï 2548 ™’È«à“°“√ª√–‡¡‘π

‚¥¬ ¡°“√‡ âπµ√ß„Àâº≈∑’Ë„°≈â‡§’¬ß°—∫§à“∑’Ë‰¥â®“°°“√

«—¥¿“§ π“¡¡“°°«à“°“√ª√–‡¡‘π‚¥¬„™â ¡°“√

Penman-Monteith ‚¥¬‡©æ“–„π™à«ß ‡¥◊Õπ ÿ¥∑â“¬

°àÕπ‡°Á∫‡°’Ë¬« ∑—Èß∑’Ë ®.¢Õπ·°àπ (√Ÿª∑’Ë 3 (°)) ·≈–∑’Ë

®.√âÕ¬‡ÕÁ¥ (√Ÿª∑’Ë 3 (¢))

√Ÿª∑’Ë 3 (°).  °“√‡ª√’¬∫‡∑’¬∫§à“ª√–‡¡‘πÕ—µ√“°“√§“¬√–‡À¬®“°·ª≈ßπ“

‚¥¬ ¡°“√‡ âπµ√ß°—∫§à“®“°°“√«—¥ ¿“§ π“¡‚¥¬«‘∏’ Bowen Ratio Energy Balance

·≈–§à“ª√–‡¡‘π‚¥¬«‘∏’ Penman-Monteith ∑’Ë Õ.‡¡◊Õß ®.¢Õπ·°àπ ªï 2548

(   )
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√Ÿª∑’Ë 3 (¢). °“√‡ª√’¬∫‡∑’¬∫§à“ª√–‡¡‘πÕ—µ√“°“√§“¬√–‡À¬®“°·ª≈ßπ“

‚¥¬ ¡°“√‡ âπµ√ß°—∫§à“®“°°“√«—¥¿“§ π“¡‚¥¬«‘∏’ Bowen Ratio Energy Balance

·≈–§à“ª√–‡¡‘π‚¥¬«‘∏’ Penman-Monteith ∑’Ë Õ. ÿ«√√≥¿Ÿ¡‘ ®.√âÕ¬‡ÕÁ¥ ªï 2548

‡¡◊ËÕ√«¡¢âÕ¡Ÿ≈¢Õß∑—Èß Õß ∂“π∑’Ë‡¢â“¥â«¬°—π

‡æ◊ËÕ∑¥ Õ∫§«“¡·¡àπ¬”‚¥¬√«¡¢Õß°“√ª√–‡¡‘π‚¥¬„™â

 ¡°“√‡ âπµ√ß·≈–«‘∏’°“√¢Õß Penman-Monteith

æ∫«à“ R2 ¢Õß°“√ª√–‡¡‘π‚¥¬ ¡°“√‡ âπµ√ß

(√Ÿª∑’Ë 4 (°))¡’§à“‡∑à“°—∫ 0.77  Ÿß°«à“«’∏’°“√¢Õß Penman-

Monteith (√Ÿª∑’Ë 4 (¢)) ÷́Ëß¡’§à“‡∑à“°—∫ 0.61

√Ÿª∑’Ë 4. °“√‡ª√’¬∫‡∑’¬∫º≈‚¥¬√«¡¢Õß°“√ª√–‡¡‘πÕ—µ√“°“√§“¬√–‡À¬‚¥¬ (°)  ¡°“√‡ âπµ√ß·≈–‚¥¬

(¢) «‘∏’°“√¢Õß Penman-Monteith °—∫¢âÕ¡Ÿ≈®“°°“√«—¥¿“§ π“¡‚¥¬«‘∏’ Bowen Ratio Energy Balance

∑’Ë ®.¢Õπ·°àπ ·≈– ®.√âÕ¬‡ÕÁ¥ ªï 2548

(   ) (   )

(   )
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°“√ª√–‡¡‘π°“√§“¬√–‡À¬®“°¢â“«π“ «πÕ“»—¬πÈ”Ωπ‚¥¬ ¡°“√·∫∫‡√’¬∫ßà“¬

º≈°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß°“√ª√–‡¡‘π·≈–

§à“∑’Ë‰¥â®“°°“√«—¥¿“§ π“¡„πªï 2549 °Á™’È«à“∑’Ë Õ.™ÿ¡·æ

®.¢Õπ·°àπ º≈°“√ª√–‡¡‘πÕ—µ√“°“√§“¬√–‡À¬

‚¥¬ ¡°“√‡ âπµ√ß  Õ¥§≈âÕß°—∫§à“®“°°“√«—¥¿“§

 π“¡¡“°°«à“°“√„™â«‘∏’°“√ Penman-Monteith

‚¥¬‡©æ“–™à«ßª≈“¬ƒ¥Ÿª≈Ÿ° (√Ÿª∑’Ë 5 (°)) ·µà∑’Ë

Õ. ÿ«√√≥¿Ÿ¡‘ ®.√âÕ¬‡ÕÁ¥ «‘∏’°“√∑—Èß Õß„Àâº≈≈—æ∏å

∑’Ë„°≈â‡§’¬ß°—π (√Ÿª∑’Ë 5 (¢))

√Ÿª∑’Ë 5 (°). °“√‡ª√’¬∫‡∑’¬∫§à“ª√–‡¡‘πÕ—µ√“°“√§“¬√–‡À¬®“°·ª≈ßπ“ ‚¥¬ ¡°“√‡ âπµ√ß

°—∫§à“®“°°“√«—¥¿“§ π“¡‚¥¬«‘∏’ Bowen Ratio Energy Balance ·≈–§à“ª√–‡¡‘π‚¥¬«‘∏’ Penman-Monteith

∑’Ë Õ.™ÿ¡·æ ®.¢Õπ·°àπ ªï 2549

√Ÿª∑’Ë 5 (¢). °“√‡ª√’¬∫‡∑’¬∫§à“ª√–‡¡‘πÕ—µ√“°“√§“¬√–‡À¬®“°·ª≈ßπ“

‚¥¬ ¡°“√‡ âπµ√ß °—∫§à“®“°°“√«—¥¿“§ π“¡‚¥¬«‘∏’ Bowen Ratio Energy Balance

 ·≈–§à“ª√–‡¡‘π‚¥¬«‘∏’ Penman-Monteith ∑’Ë Õ. ÿ«√√≥¿Ÿ¡‘ ®.√âÕ¬‡ÕÁ¥ ªï 2549

(   )

(   )
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‡¡◊ËÕ∑¥ Õ∫§«“¡·¡àπ¬”‚¥¬√«¡¢Õß°“√

ª√–‡¡‘π‚¥¬„™â ¡°“√‡ âπµ√ß·≈–«‘∏’°“√¢Õß Penman-

Monteith ‡™àπ‡¥’¬«°—∫ªï 2548 æ∫«à“ R2 ¢Õß°“√

ª√–‡¡‘π‚¥¬«‘∏’∑—Èß 2 ¡’§à“∑’Ë Ÿß (R2= 0.92) ·≈–¡’§à“

∑’Ë„°≈â‡§’¬ß°—π¡“° (√Ÿª∑’Ë 6 (°) ·≈– 6 (¢))

√Ÿª∑’Ë 6. °“√‡ª√’¬∫‡∑’¬∫º≈‚¥¬√«¡¢Õß°“√ª√–‡¡‘πÕ—µ√“°“√§“¬√–‡À¬

(°) ‚¥¬ ¡°“√‡ âπµ√ß  ·≈– (¢) ‚¥¬«‘∏’°“√¢Õß Penman-Monteith °—∫¢âÕ¡Ÿ≈®“°°“√«—¥¿“§ π“¡

‚¥¬«‘∏’ Bowen Ratio Energy Balance ∑’Ë ®.¢Õπ·°àπ ·≈– ®.√âÕ¬‡ÕÁ¥ ªï 2549

´÷Ëß Watanabe ·≈–§≥– (2004) ‰¥â√“¬ß“π‰«â«à“

„™â‰¥âº≈¥’„π°“√ª√–‡¡‘πÕ—µ√“°“√§“¬√–‡À¬®“°

·ª≈ßÕâÕ¬ ¡—π ”ª–À≈—ß ·≈–¢â“«‚æ¥ ‡¡◊ËÕ°”Àπ¥„Àâ§à“

T = 30OC ¥—ß∑’Ë‰¥â°≈à“«‰«â ®–„Àâº≈°“√ª√–‡¡‘π∑’Ë

‡∑à“°—∫º≈®“° ¡°“√‡ âπµ√ß∑’Ë√–¥—∫√—ß ’¥«ßÕ“∑‘µ¬å

‡∑à“°—∫ 15 MJ m-2 d-1 ·µà‡¡◊ËÕ√—ß ’¥«ßÕ“∑‘µ¬å‡æ‘Ë¡¡“°

¢÷Èπ§à“ª√–‡¡‘π®“° Hargreaves ®–¡“°°«à“‡≈Á°πâÕ¬

„π∑“ßµ√ß°—π¢â“¡‡¡◊ËÕ√—ß ’¥«ßÕ“∑‘µ¬å≈¥≈ß§à“

ª√–‡¡‘π®“° Hargreaves ®–µË”°«à“ ¡°“√‡ âπµ√ß

®“°°“√‡ª√’¬∫‡∑’¬∫º≈¢Õß°“√„™â ¡°“√‡ âπµ√ß°—∫

«‘∏’°“√¢Õß Priestley ·≈– Taylor

´÷Ëß°”Àπ¥„Àâ α = 1.25 (Monteith ·≈– Unsworth,

1990, ·≈– Campbell, 1977) R
n
 = 0.62s (Yoshida

1981) ·≈–                   µ“¡∑’Ë‰¥â°≈à“«‰«â·≈â«

æ∫«à“§à“ª√–‡¡‘π‚¥¬«‘∏’°“√¢Õß Priestley ·≈– Taylor

®–„Àâ§à“∑’ËµË”°«à“«‘∏’°“√·∫∫‡ âπµ√ß‡≈Á°πâÕ¬ ¥—ß· ¥ß

„π¿“æ∑’Ë 7 (°) ‡™àπ‡¥’¬«°—π ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’

°“√¢Õß Hargreaves

(   )
(   )
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√Ÿª∑’Ë 7.  °“√‡ª√’¬∫‡∑’¬∫º≈°“√ª√–‡¡‘πÕ—µ√“°“√§“¬√–‡À¬‚¥¬ ¡°“√‡ âπµ√ß°—∫«‘∏’°“√¢Õß

Priestley ·≈– Taylor (°) ·≈–°“√‡ª√’¬∫‡∑’¬∫«‘∏’°“√¢Õß Hargreaves (¢)

 √ÿª

„π°√≥’∑’Ë¡’¢âÕ¡Ÿ≈‡æ’¬ßæ≈—ßß“π· ßÕ“∑‘µ¬å

À√◊ÕµâÕß°“√«‘∏’°“√ª√–‡¡‘π∑’Ë‡√’¬∫ßà“¬‰¡à´—∫´âÕπ

°Á “¡“√∂„™â ¡°“√‡ âπµ√ß‰¥â ·µàÀ“°¡’¢âÕ¡Ÿ≈§√∫°Á

 “¡“√∂„™â«‘∏’°“√¢Õß Penman-Monteith FAO

‰¥â‡™àπ°—π

‡Õ° “√Õâ“ßÕ‘ß

‡°√‘° ªíôπ‡Àπàß‡æÁ™√ ·≈– π‘¡‘µ√ «√ Ÿµ 2548 Õ—µ√“

°“√§“¬√–‡À¬ ·≈–°“√‡®√‘≠‡µ‘∫‚µ ¿“¬„µâ

 ¿“æ·ª≈ßπ“„π√–¬– ‡µ‘¡ ‡µÁ¡ ‡¡≈Á¥

¢Õß¢â“«¢“«¥Õ°¡–≈‘ 105 «“√ “√«‘®—¬ ¡¢

10(3), 224-232.

‡°√‘° ªíôπ‡Àπàß‡æÁ™√ §™“‚™§  °ÿ≈ ÿ·°â« ·≈–  ÿ™“¥“

®—π∑√å ¡—§√  2548 √“¬ß“π§«“¡°â“«Àπâ“

‚§√ß°“√§√—Èß∑’Ë 2 ‚§√ß°“√æ—≤π“·∫∫®”≈Õß

¢â “«∑’Ë ‡ √’ ¬∫ßà “¬ ”À√—∫ ¿“æ°“√º≈‘µ

„π∑ÿà ß°ÿ ≈“√âÕß‰Àâ §≥–‡°…µ√»“ µ√ å

¡À“«‘∑¬“≈—¬¢Õπ·°àπ  π—∫ πÿπ°“√«‘®—¬

‚¥¬ ”π—°ß“π°Õß∑ÿπ π—∫ πÿπ°“√«‘®—¬
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