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Abstract
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Methane mitigation in transplanting and direct-wet seeding rice fields treated with

fertilizers under condition of alternately flooding and soil aerating
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Rice is main staple crop of the world. Growing rice in flooded water entails methane (CH
4
) emission.

CH
4
 is one of greenhouse gases contributing to global warming. The experiment aimed to clarify the influence

of fertilizer and water management on total methane emission (TME), methane mitigation and rice yields

(RY). The experimental design was a split - split plot  with 3 replications taking 2 cultivation in main plots,

transplanting (TP) rice and direct-wet seeding (DWS) rice fields; 2 basal fertilizers, 16-16-8, 20 kg/rai and

chicken manure pallet (CMP), 105 kg/rai in sub plots; and 3 top dressing fertilizers 1) none, 2) urea (46% N),

15 kg/rai and 3) ammonium sulfate (AS, 21% N), 30 kg/rai in sub-sub plots. It also examined relationship

between  quantity  of  paddy-soil  water,  TME  and  RY  of  both  cultivations.  Methane  emission  rate  (MER)

occurred during the whole growth period and was characterized by 2 large peaks: one from after trans-

planting or broadcasting to maximum tillering stage and the other from flowering to yellow ripening stage.

Rapid declines of MER were dictated by soil aeration recognized as 3-5 days cracks. In TP rice plot based
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with CMP, 105 kg/rai, topped with AS, 30 kg/rai, TME decreased to 73.0% and RY increased to 14.7% over

that of untreated plots with top dressing fertilizer, while in that topped with urea, 15 kg/rai, TME decreased

to 68.9% and RY increased to 16.9%. In all of DWS rice plots which were topped with AS or urea, declines

of TME ranged from 27.3 to 56.4% and increase of RY ranged from 31.3 to 47.9% over those without top

dressing. In both TP and DWS plots, TMEs were closely correlated with the quantity of paddy-soil water (r =

0.83 and 0.86, respectively) and with submergence days (r = 0.94 and 0.89, respectively). Hence, saturated

condition  in  paddy  soil  is  a  primary  factor  for  methanogenesis.  Moreover,  for  TP  rice,  the  relationship

between TME and RY was weakly positive (r = 0.16), whereas that for DWS rice was obviously negative (r =

- 0.65). DWS rice cultivation could provide high RY and mitigated methane emission. In addition to this,

the quantity of paddy-soil water was negatively related with RY (r = - 0.077), indicating that DWS cultivation

was able to mitigate methane emission, produce high RY and reduce water use.

Key words : methane, rice yield, fertilizer, soil aeration
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¢â“«‡ªìπæ◊™Õ“À“√À≈—°∑’Ë ”§—≠¢Õß‚≈° ·µà‡¡◊ËÕª≈Ÿ°¢â“«„π ¿“æπÈ”¢—ß∑”„Àâ¡’°“√ª≈àÕ¬°ä“´¡’‡∑π (CH
4
) ÕÕ°

¡“  CH
4
 ‡ªìπ°ä“´‡√◊Õπ°√–®° (greenhouse gas) ™π‘¥Àπ÷Ëß∑’Ë∑”„Àâ‡°‘¥¿“«–‚≈°√âÕπ (global warming) ®÷ß∑”°“√

∑¥≈Õß‡æ◊ËÕ»÷°…“Õ‘∑∏‘æ≈¢Õß°“√®—¥°“√ªÿÜ¬·≈–πÈ”µàÕª√‘¡“≥°“√ª≈àÕ¬ CH
4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ° (total methane emission,

TME) ·≈–º≈º≈‘µ¢â“« (rice yield, RY) ‚¥¬«“ß·ºπ°“√∑¥≈Õß·∫∫ split - split plot ¡’ main plot §◊Õ °“√ª≈Ÿ°

¢â“«‚¥¬«’∏’ªí°¥”·≈–π“À«à“ππÈ”µ¡  ¡’ sub plot §◊Õ ªÿÜ¬√Õßæ◊Èπ 2 µ”√—∫ §◊Õ ªÿÜ¬ Ÿµ√ 16-16-8 Õ—µ√“ 20 °°./‰√à ·≈–

ªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥ (CMP) Õ—µ√“ 105 °°./‰√à ·≈–¡’ sub-sub plot §◊Õ ªÿÜ¬·µàßÀπâ“ 3 µ”√—∫ ‰¥â·°à 1) ‰¡à„ àªÿÜ¬·µàßÀπâ“,

2) ·µàßÀπâ“¥â«¬ªÿÜ¬¬Ÿ‡√’¬ (46% N) Õ—µ√“ 15 °°./‰√à ·≈– 3) ·µàßÀπâ“¥â«¬ªÿÜ¬·Õ¡‚¡‡π’¬¡´—≈‡øµ (AS, 21% N)

Õ—µ√“ 30 °°./‰√à ‚¥¬·µà≈–µ”√—∫∑” 3 ´È”  º≈°“√∑¥≈Õßæ∫«à“ °“√®—¥°“√ªÿÜ¬·≈–πÈ”„ππ“¥” ·≈–π“À«à“ππÈ”µ¡¡’

Õ—µ√“°“√ª≈àÕ¬ CH
4
 (methane emission rate, MER) §àÕπ¢â“ß Ÿß 2 ™à«ß §◊Õ √–¬–À≈—ßªí°¥”À√◊ÕÀ≈—ßÀ«à“π∂÷ß√–¬–

·µ°°Õ Ÿß ÿ¥ ·≈–√–¬–ÕÕ°¥Õ°∂÷ß√–¬–æ≈—∫æ≈÷ß  ·≈–æ∫«à“ MER ≈¥µË”≈ßÕ¬à“ß™—¥‡®π„π™à«ß∑’Ë¥‘π·Àâß·µ°

√–·Àßπ“π 3-5 «—π °“√®—¥°“√„ÀâπÈ”¢—ß ≈—∫°—∫¥‘π·Àâß “¡“√∂≈¥ª√‘¡“≥πÈ”„π¥‘ππ“≈ß 26.2-31.1% ‡¡◊ËÕ‡∑’¬∫°—∫

π“πÈ”¢—ßµ≈Õ¥ƒ¥Ÿ  „ππ“¥”∑’Ë√Õßæ◊Èπ¥â«¬ªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥Õ—µ√“ 105 °°./‰√à ·≈â«·µàßÀπâ“¥â«¬·Õ¡‚¡‡π’¬¡´—≈‡øµ

Õ—µ√“ 30 °°./‰√à  “¡“√∂≈¥ TME ‰¥â∂÷ß 73.0% ·≈–‡æ‘Ë¡ RY 14.7% ‡¡◊ËÕ‡∑’¬∫°—∫∑’Ë‰¡à„ àªÿÜ¬·µàßÀπâ“ „π¢≥–

‡¥’¬«°—πµ”√—∫∑’Ë·µàßÀπâ“¥â«¬¬Ÿ‡√’¬Õ—µ√“ 15 °°./‰√à  “¡“√∂≈¥ TME ‰¥â∂÷ß 68.9% ·≈–‡æ‘Ë¡ RY 16.9%   à«π„π

π“À«à“ππÈ”µ¡∑ÿ°µ”√—∫∑’Ë‰¥â√—∫ªÿÜ¬·µàßÀπâ“¥â«¬ AS À√◊Õ¬Ÿ‡√’¬ “¡“√∂≈¥ TME ‰¥â 27.3-56.4% ·≈–„Àâ RY  Ÿß¢÷Èπ

31.3-47.9% ‡¡◊ËÕ‡∑’¬∫°—∫‰¡à·µàßÀπâ“ °“√∑¥≈Õßπ’È¬—ßæ∫«à“ TME ®“°π“¥”·≈–π“À«à“ππÈ”µ¡¡’§«“¡ —¡æ—π∏å°—∫

ª√‘¡“≥πÈ”„ππ“ (r ‡∑à“°—∫ 0.83 ·≈– 0.86 µ“¡≈”¥—∫) ·≈–®”π«π«—π¢—ßπÈ” – ¡ (r ‡∑à“°—∫ 0.94 ·≈– 0.89 µ“¡

≈”¥—∫) π—Ëπ§◊Õ ¥‘ππ“„π ¿“æÕ‘Ë¡µ—«‡ªìπªí®®—¬À≈—°∑’Ë ”§—≠Õ¬à“ß¬‘Ëß„π°“√‡°‘¥ CH
4
  πÕ°®“°π—Èπ¬—ßæ∫«à“„ππ“¥”

§«“¡ —¡æ—π∏å√–À«à“ß TME °—∫ RY ‡ªìπ‰ª„π∑“ß∫«°·µà‰¡à™—¥‡®π (r ‡∑à“°—∫ 0.16)  à«π„ππ“À«à“ππÈ”µ¡§«“¡

 —¡æ—π∏å‡ªìπ‰ª„π∑“ß≈∫·µà™—¥‡®π°«à“ (r ‡∑à“°—∫ - 0.65) · ¥ß„Àâ‡ÀÁπ«à“°“√º≈‘µ¢â“«‚¥¬«‘∏’À«à“ππÈ”µ¡ “¡“√∂„Àâ

RY  Ÿß‰¥â·≈–™à«¬≈¥°“√ª≈àÕ¬ CH
4
 ‚¥¬„ππ“À«à“ππÈ”µ¡ª√‘¡“≥πÈ”„π¥‘ππ“·≈– RY ¡’§«“¡ —¡æ—π∏å°—π„π∑“ß≈∫

(r ‡∑à“°—∫ - 0.77) π—Ëπ§◊Õπ“À«à“ππÈ”µ¡πÕ°®“°®–≈¥ CH
4
 ¥—ß°≈à“«·≈â«¬—ß§ß‰«â´÷Ëß RY  Ÿß ·≈–¢≥–‡¥’¬«°—π

ª√–À¬—¥πÈ”„π°“√º≈‘µ¢â“«‰¥â
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æ—™√’  · π®—π∑√å ·≈–§≥–657

¢â“«‡ªìπæ◊™Õ“À“√À≈—°∑’Ë¡’§«“¡ ”§—≠µàÕ§«“¡
¡—Ëπ§ß∑“ßÕ“À“√¢Õß‚≈° ·µà‡¡◊ËÕª≈Ÿ°¢â“«„π ¿“æπÈ”¢—ß
®–¡’°“√ª≈àÕ¬ CH

4
 ®“°π“¢â“« Jean ·≈– Roger (2001)

√“¬ß“π«à“ CH
4
 ∂Ÿ°ª≈àÕ¬ 115 ≈â“πµ—π CH

4
/ªï ®“°æ◊Èπ∑’Ë

π“∑—Ë«‚≈°  CH
4
 ‡ªìπ°ä“´‡√◊Õπ°√–®° (greenhouse gas)

∑’Ë ”§—≠‡ªìπÕ—π¥—∫ Õß√Õß®“°°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å
(CO

2
)  ·≈–¡’»—°¬¿“æ„π°“√∑”„Àâ‚≈°√âÕπ (global

warming potential, GWP)  Ÿß°«à“ CO
2
 ∂÷ß 23 ‡∑à“

(Inter-governmental Panel on Climate Change: IPCC,

2001) ª√‘¡“≥°ä“´‡√◊Õπ°√–®°∑’Ë‡æ‘Ë¡¢÷Èπ°àÕ„Àâ‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘Õ“°“» (climate change)  àßº≈„Àâ
Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬¢Õß‚≈° Ÿß¢÷Èπ 0.5-2ºC ·≈– àßº≈°√–∑∫
‚¥¬µ√ßµàÕ¡πÿ…¬åå·≈–√–∫∫π‘‡«»¢Õß‚≈° ( ∂“∫—π ‘Ëß
·«¥≈âÕ¡‰∑¬, 2544)

 ∂“∫—π«‘®—¬¢â“«π“π“™“µ‘ (International Rice

Research Institute;  IRRI, 1996) ‰¥âª√–‡¡‘π§«“¡
µâÕß°“√¢â“«¢Õßª√–™“°√‚≈°®“° 460 ≈â“πµ—π/ªï  ¢÷Èπ
‡ªìπ 760 ≈â“πµ—π/ªï „πªï§.». 2020 À√◊Õ‡æ‘Ë¡¢÷Èπª√–¡“≥
65%  „πÕ’°  24  ªï¢â“ßÀπâ“  π—ËπÀ¡“¬§«“¡«à“  °“√‡æ‘Ë¡
æ◊Èπ∑’Ë·≈–®”π«π§√—Èß¢Õß°“√ª≈Ÿ°¢â“«„π·µà≈–ªï ‚¥¬‡©æ“–
„πæ◊Èπ∑’Ëπ“™≈ª√–∑“π ¬àÕ¡À¡“¬∂÷ß°“√‡æ‘Ë¡ª√‘¡“≥°“√
ª≈¥ª≈àÕ¬ CH

4
 ¥â«¬‡™àπ°—π  ª√–‡∑»‰∑¬º≈‘µ¢â“«‡ªìπ

Õ—π¥—∫ 8 ·≈– àßÕÕ°‡ªìπÕ—π¥—∫ 1 ¢Õß‚≈° ( ”π—°ß“π
‡»√…∞°‘®°“√‡°…µ√, 2545) ·≈–‰¥â≈ßπ“¡„πÕπÿ —≠≠“
 Àª√–™“™“µ‘ «à“¥â«¬°“√‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘Õ“°“»
(The United Nations Framework Convention on

Climate Change, UNFCCC) ( ”π—°ß“ππ‚¬∫“¬·≈–
·ºπ ‘Ëß·«¥≈âÕ¡, 2543) ¥—ßπ—Èπ ‘Ëß®”‡ªìπ„πÕπ“§µÕ—π„°≈â
π’È §◊Õ ·π«∑“ß„π°“√≈¥ CH

4
 ®“°π“¢â“« ‚¥¬¬—ß§ß‰«â´÷Ëß

º≈º≈‘µ¢â“«
π—°«‘®—¬À≈“¬∑à“π‰¥â√“¬ß“π§≈â“¬°—π«à“°“√≈¥°“√

ª≈àÕ¬ CH
4
 ®“°π“¢â“« “¡“√∂∑”‰¥â‚¥¬°“√≈¥°“√¢—ßπÈ”

„ππ“ (æ—™√’ ·≈–§≥–, 2547; æ—™√’ ·≈–Õ√√§‡¥™, 2545;

Yang and Chang, 1998) „ππ“™≈ª√–∑“π∑’Ë¡’°“√ª≈àÕ¬
„Àâ‡°‘¥°“√§“¬√–‡À¬®π¥‘π·Àâß (soil aeration) 2 ™à«ß
™à«¬≈¥°“√ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ° 57.8% ·≈–‡¡◊ËÕ≈¥

®”π«π«—π∑’Ë¢—ßπÈ”®“° 92 «—π‡ªìπ 70 «—π  “¡“√∂≈¥°“√
ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿ‰¥â∂÷ß 58.4% (æ—™√’ ·≈–§≥–, 2545)

Saenjan et al. (2002) ‡ πÕ„Àâ¡’°“√®—¥°“√πÈ”‚¥¬ª≈àÕ¬
„Àâ¥‘π·Àâß‡ªìπ∫“ß™à«ß‚¥¬°“√§“¬√–‡À¬√à«¡°—∫°“√®—¥°“√
ªÿÜ¬∑’Ë‡À¡“– ¡  “¡“√∂‡æ‘Ë¡º≈º≈‘µ·≈–≈¥°“√ª≈¥ª≈àÕ¬
°ä“´¡’‡∑π‰¥â  °“√«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“Õ‘∑∏‘æ≈
¢ÕßªÿÜ¬µàÕª√‘¡“≥°“√ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°  °“√≈¥

CH
4
 ®“°π“·≈–º≈º≈‘µ¢â“«„ππ“¥”·≈–π“À«à“ππÈ”µ¡∑’Ë

ª≈Ÿ°„π ¿“æπÈ”¢—ß ≈—∫°—∫¥‘π·Àâß ¢≥–‡¥’¬«°—πÀ“§«“¡
 —¡æ—π∏å√–À«à“ß§«“¡™◊Èπ„π¥‘πµàÕ°“√ª≈àÕ¬ CH

4
 ·≈–

º≈º≈‘µ¢â“«π“¥”·≈–π“À«à“ππÈ”µ¡

Õÿª°√≥å·≈–«‘∏’°“√

æ◊Èπ∑’Ë»÷°…“

∑”°“√∑¥≈Õß„ππ“‡°…µ√°√„π‡¢µ™≈ª√–∑“π
ÀπÕßÀ«“¬À¡Ÿà∑’Ë 9  ∫â“π‚°∑“  µ”∫≈»‘≈“  Õ”‡¿Õ‡¡◊Õß
®—ßÀ«—¥¢Õπ·°àπ (16º 28′ 09.4′′ N, 102º 52′ 17.0′′ E)

„πƒ¥Ÿπ“ª√—ß æ.». 2547 ≈—°…≥–¥‘π§≈â“¬™ÿ¥¥‘πæ‘¡“¬
(Phimai variance; °Õß ”√«®·≈–®”·π°¥‘π, 2543)

®—¥Õ¬Ÿà„π°≈ÿà¡¥‘π Tropaquepts (Soil Survey Staff, 2000)

‡π◊ÈÕ¥‘π‡ªìπ¥‘π√à«π (loam)  ¥‘π¡’§«“¡®ÿ§«“¡™◊Èπ π“¡
(1/3 ∫“√å) 28.7% ‚¥¬ª√‘¡“µ√ §«“¡™◊Èπ∑’Ë®ÿ¥‡À’Ë¬«∂“«√
(15 ∫“√å) 13.3% ‚¥¬ª√‘¡“µ√  §«“¡®ÿ§«“¡™◊Èπ∑’Ë‡ªìπ
ª√–‚¬™πå 15.4% ‚¥¬ª√‘¡“µ√  §«“¡‡ªìπ°√¥¢Õß¥‘π (1:

5 πÈ”) 5.1 ª√‘¡“≥Õ‘π∑√’¬«—µ∂ÿ 8.95 °√—¡/°°. ‰π‚µ√‡®π
∑—ÈßÀ¡¥ 0.77 °√—¡/°°. øÕ øÕ√— ∑’Ë‡ªìπª√–‚¬™πå 4.9

¡°./°°. ‚æ·∑ ‡´’¬¡ ·§≈‡´’¬¡ ·≈–·¡°π’‡´’¬¡ 34.50

385.0 ·≈– 77.0 ¡°./°°. µ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“‡ªìπ
¥‘π∑’Ë¡’§«“¡Õÿ¥¡ ¡∫Ÿ√≥å§àÕπ¢â“ßµË”

µ”√—∫∑¥≈Õß ·ª≈ß∑¥≈Õß °“√ª≈Ÿ° ·≈–°“√®—¥°“√πÈ”

«“ß·ºπ°“√∑¥≈Õß·∫∫ split-split plot design

‚¥¬„Àâ°“√ª≈Ÿ°¢â“«‡ªìπ·ª≈ßÀ≈—° (main plot) §◊Õ °“√∑”
π“¥” ·≈–°“√∑”π“À«à“ππÈ”µ¡ ·≈–¡’·ª≈ß¬àÕ¬ (subplot)

‡ªìπªÿÜ¬√Õßæ◊Èπ 2 µ”√—∫ §◊Õ 1) √Õßæ◊Èπ¥â«¬ªÿÜ¬ 16-16-8

Õ—µ√“ 20 °°./‰√à (3.2 °°.N/‰√à, 3.2 °°.P
2
O

5
/‰√à, 1.6

°°. K
2
O/‰√à) ·≈– 2) √Õßæ◊Èπ¥â«¬ªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥Õ—µ√“

105 °°./‰√à (3.2 °°.N/‰√à, 2.2 °°.P
2
O

5
/‰√à, 3.3 °°.

K
2
O/‰√à) ·≈–¡’·ª≈ß¬àÕ¬ (sub-sub plot) ‡ªìπªÿÜ¬·µàßÀπâ“
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3 µ”√—∫ §◊Õ 1) ‰¡à„ àªÿÜ¬·µàßÀπâ“, 2) ·µàßÀπâ“¥â«¬ªÿÜ¬
·Õ¡‚¡‡π’¬¡´—≈‡øµÕ—µ√“ 30 °°./‰√à (6.3 °°.N/‰√à) ·≈–
3) ·µàßÀπâ“¥â«¬ªÿÜ¬¬Ÿ‡√’¬Õ—µ√“ 15 °°./‰√à (6.9 °°.N/‰√à)
‡µ√’¬¡¥‘π‚¥¬‰∂°≈∫µÕ´—ß·≈–«—™æ◊™„ππ“∑‘Èß‰«âπ“π 38

«—π  ·≈â«¢÷Èπ√Ÿª·ª≈ßπ“√«¡ 12 ·ª≈ß¬àÕ¬  ´÷Ëß¡’¢π“¥
·ª≈ß≈– 10 x 10 ‡¡µ√ ∑”‡∑◊Õ° (puddling)  ÿà¡·ª≈ß
À≈—°„Àâ·°àπ“¥”·≈–π“À«à“ππÈ”µ¡  ªí°¥”°≈â“Õ“¬ÿ 34 «—π
√–¬–Àà“ß 20 x 20 ´¡. (3 µâπ/®—∫)   à«ππ“À«à“ππÈ”µ¡
À«à“π‡¡≈Á¥¢â“«ßÕ°Õ—µ√“ 15 °°./‰√à °“√∑¥≈Õßπ’È„™â¢â“«
æ—π∏ÿå™—¬π“∑ 1 ªí°¥”·≈–À«à“π‡¡≈Á¥«—π‡¥’¬«°—π§◊Õ «—π∑’Ë
24 ¡°√“§¡ 2547   ÿà¡µ”√—∫ªÿÜ¬¢â“ßµâπ≈ß„π·ª≈ßπ“¥”
·≈–·ª≈ßπ“À«à“ππÈ”µ¡

∑—Èß°“√∑¥≈Õß‰¥â®—¥°“√πÈ”‚¥¬„™âÀ≈—°ª√–À¬—¥πÈ”
‡æ◊ËÕ≈¥°“√ª≈àÕ¬ CH

4
 ·µàµâÕß‰¡à°√–∑∫µàÕº≈º≈‘µ¢â“«

(æ—™√’ ·≈–§≥–, 2547; Saenjan et al., 2002) ∑—Èß„π
π“¥”·≈–„ππ“À«à“ππÈ”µ¡‰¥âª≈àÕ¬„ÀâπÈ”¢—ß§“¬√–‡À¬
(evapotranspirate) ®π¥‘π·Àâß (¢â“«Õ“¬ÿ 37 «—πÀ≈—ßª≈Ÿ°)

·µ°√–·Àß‡ªìπ√àÕß (cracks) ª√–¡“≥ 3-5 «—π ‰¥â«—¥
§«“¡™◊Èπ„π¥‘π ·≈–æ∫«à“§«“¡™◊Èπ„π¥‘πÕ¬Ÿà„π™à«ß‡°‘π
60% ¢Õß§«“¡®ÿ§«“¡™◊Èπ∑’Ë‡ªìπª√–‚¬™πå ·≈–µâπ¢â“«‰¡à¡’
Õ“°“√‡À’Ë¬« ·≈–∑¥πÈ”‡¢â“·ª≈ßπ“„Àâ¡’√–¥—∫πÈ”ª√–¡“≥
5 ´¡. ·≈–ª≈àÕ¬„ÀâπÈ”„ππ“§“¬√–‡À¬®π¥‘π·µ°√–·Àß
‡ªìπ√àÕßÕ’°§√—Èß ·≈â«®÷ß∑¥πÈ”‡¢â“π“ µ≈Õ¥ƒ¥Ÿª≈Ÿ°∑”‰¥â
2 √Õ∫ ∑â“¬∑’Ë ÿ¥‡¡◊ËÕ¢â“«ÕÕ°¥Õ°·≈â«ª√–¡“≥ 15-20 «—π
®÷ßª≈àÕ¬πÈ”„ππ“„Àâ·Àâß (drain) ‡æ◊ËÕ‡°Á∫‡°’Ë¬« ·µà„π√–¬–
π’È¡’Ωπµ°∑”„Àâ¥‘π¢—ßπÈ”‡°‘¥¢÷Èπ∫â“ß

°“√‡°Á∫¢âÕ¡Ÿ≈°ä“´ §«“¡™◊Èπ„π¥‘π ·≈–º≈º≈‘µ¢â“«

‡°Á∫µ—«Õ¬à“ß°ä“´‚¥¬«‘∏’ closed chamber method

(IRRI, 1996) «‘‡§√“–Àå CH
4
 ¥â«¬‡§√◊ËÕß Gas chromato-

graphy (æ—™√’ ·≈–§≥–, 2547)  §”π«≥Õ—µ√“°“√ª≈àÕ¬
CH

4
 (methane emission rate, MER) §”π«≥º≈√«¡

¢Õßª√‘¡“≥  CH
4
  ∑’Ëª≈àÕ¬µ≈Õ¥ƒ¥Ÿª≈Ÿ° (seasonal

emission À√◊Õ total methane emission, TME) ‚¥¬«‘∏’
À“º≈√«¡æ◊Èπ∑’Ë„µâ°√“ø¢â“ßµâπ

«—¥§«“¡ Ÿß¢ÕßπÈ”„ππ“∑ÿ°§√—Èß∑’Ë‡°Á∫µ—«Õ¬à“ß°ä“´
·≈–À“®”π«π«—π∑’Ë¡’πÈ”¢—ß – ¡ „π«—π∑’Ëº‘«¥‘π·Àâß‡°Á∫
µ—«Õ¬à“ß¥‘π≈÷° 0-5 ´¡. ‚¥¬„™â core sampler À“§«“¡

™◊Èπ·≈–§«“¡Àπ“·πàπ√«¡  §”π«≥§«“¡™◊Èπ‡∑’¬∫‡ªìπ
§«“¡ Ÿß¢ÕßπÈ”„π¥‘π√–¥—∫√“°≈÷° 60 ´¡. §”π«≥º≈√«¡
¢Õßª√‘¡“≥πÈ”„ππ“µ≈Õ¥ƒ¥Ÿª≈Ÿ°  ÿà¡‡°Á∫µ—«Õ¬à“ßº≈º≈‘µ
¢â“« 3 ´È”/µ”√—∫ ·≈–À“º≈º≈‘µ∑’Ë§«“¡™◊Èπ 14%  §”π«≥
ª√‘¡“≥°“√ª≈àÕ¬ CH

4
 µàÕÀπà«¬º≈º≈‘µ¢â“« (methane

emission per unit grain, MPG) ¢âÕ¡Ÿ≈∑—ÈßÀ¡¥‰¥â· ¥ß
‰«â„π Table 1  ·≈–«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘ (analysis

of variance, ANOVA) ‚¥¬„™â‚ª√·°√¡ ”‡√Á®√Ÿª IRRI

STAT ‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß‚¥¬«‘∏’ DMRT ·≈– LSD

º≈°“√∑¥≈Õß

1. Õ‘∑∏‘æ≈¢Õß«‘∏’°“√ª≈Ÿ°¢â“«·≈–°“√®—¥°“√ªÿÜ¬µàÕº≈º≈‘µ

¢â“«

®“°º≈°“√∑¥≈Õßæ∫«à“ °“√ª≈Ÿ°¢â“«¥â«¬«‘∏’¥”
À√◊ÕÀ«à“π„Àâº≈º≈‘µ¢â“«‡ª≈◊Õ°‡©≈’Ë¬ 763 ·≈– 795 °°./
‰√à ·≈–‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘ (Table 1) °“√®—¥°“√ªÿÜ¬
„ππ“¥”·≈–π“À«à“ππÈ”µ¡∑’Ë¡’°“√„ àªÿÜ¬√Õßæ◊Èπ·µà≈–™π‘¥
∑—Èß 16-16-8 Õ—µ√“ 20 °°./‰√à À√◊ÕªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥Õ—µ√“
105 °°./‰√à ‰¡à¡’º≈∑”„Àâº≈º≈‘µ¢â“«·µ°µà“ß°—π∑“ß ∂‘µ‘
·≈–°“√„ àªÿÜ¬·µàßÀπâ“¥â«¬·Õ¡‚¡‡π’¬¡ —́≈‡øµÕ—µ√“ 30

°°./‰√à À√◊Õ·µàßÀπâ“¥â«¬¬Ÿ‡√’¬Õ—µ√“ 15 °°./‰√à ¡’º≈∑”„Àâ
º≈º≈‘µ¢â“« Ÿß°«à“°“√„ àªÿÜ¬√Õßæ◊Èπ‡æ’¬ßÕ¬à“ß‡¥’¬«Õ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘µ‘ ¬°‡«âπ„ππ“¥”∑’Ë√Õßæ◊Èπ¥â«¬ªÿÜ¬¡Ÿ≈‰°à
Õ—¥‡¡Á¥Õ—µ√“ 105 °°./‰√à ‡∑à“π—Èπ  „π°“√∑¥≈Õßπ’Èµ”√—∫
∑¥≈Õß∑’Ë„Àâº≈º≈‘µ¢â“« Ÿß∑’Ë ÿ¥„ππ“¥”§◊Õ µ”√—∫∑’Ë√Õßæ◊Èπ
¥â«¬  16-16-8  Õ—µ√“  20  °°./‰√à   ·≈–·µàßÀπâ“¥â«¬
·Õ¡‚¡‡π’¬¡´—≈‡øµÕ—µ√“ 30 °°./‰√à  ´÷Ëß„Àâº≈º≈‘µ¢â“«∂÷ß
953 °°./‰√à ·≈–„ππ“À«à“ππÈ”µ¡µ”√—∫∑¥≈Õß∑’Ë„Àâº≈º≈‘µ
¢â“« Ÿß∑’Ë ÿ¥§◊Õ  µ”√—∫∑’Ë√Õßæ◊Èπ¥â«¬  16-16-8  Õ—µ√“  20

°°./‰√à  ·≈–·µàßÀπâ“¥â«¬¬Ÿ‡√’¬Õ—µ√“ 15 °°./‰√à  ´÷Ëß„Àâ
º≈º≈‘µ¢â“«∂÷ß 904 °°./‰√à

2. ª√‘¡“≥πÈ”„π¥‘π¢Õßπ“¥”·≈–π“À«à“ππÈ”µ¡ (Paddy-

soil water content)

≈—°…≥–¢ÕßπÈ”„ππ“¥”‡√‘Ë¡¢—ß®“° 2 «—πÀ≈—ß¥”
„π¢≥–∑’Ë„ππ“À«à“ππÈ”µ¡‰¡à‰¥â¢—ßπÈ”„π™à«ß —ª¥“Àå·√°
·≈–À≈—ß®“°π—Èπ≈—°…≥–¢ÕßπÈ”„ππ“§≈â“¬°—π∑ÿ°·ª≈ß∑—Èß
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π“¥”·≈–π“À«à“ππÈ”µ¡ (Figure 1) ∑—Èßπ’È„π°“√∑¥≈Õßπ’È
‰¥â¡’°“√®—¥°“√„™âπÈ”Õ¬à“ßª√–À¬—¥ ª√‘¡“≥πÈ”¢—ß„ππ“ Ÿß
ª√–¡“≥ 0-8 ´¡. ‚¥¬¡’°“√ª≈àÕ¬„ÀâπÈ”„ππ“§“¬√–‡À¬
®π¥‘π·Àâß‡ªìπ√àÕß·µ°√–·Àß (cracks) π“π 3-5 «—π
‡¡◊ËÕ¢â“«Õ“¬ÿ 37 ·≈– 62 «—πÀ≈—ßª≈Ÿ°∑—Èß„ππ“¥”·≈–
π“À«à“ππÈ”µ¡ ‡¡◊ËÕ¥‘π·Àâßæ∫«à“§«“¡™◊Èπ„π¥‘π‡∑’¬∫‡ªìπ
§«“¡ Ÿß¢ÕßπÈ”Õ¬Ÿà„π™à«ß 8-15 ´¡. À√◊Õ 60-80% ¢Õß

ª√‘¡“≥πÈ”∑’Ë‡ªìπª√–‚¬™πå π—Ëπ§◊Õµ≈Õ¥ƒ¥Ÿª≈Ÿ°¢â“«∑—Èß°“√
∑¥≈Õßπ’È µâπ¢â“«‰¥â√—∫πÈ”‡æ’¬ßæÕ ‡¡◊ËÕ§‘¥ª√‘¡“≥πÈ”„ππ“
∑—ÈßÀ¡¥µ≈Õ¥ƒ¥Ÿª≈Ÿ°æ∫«à“Õ¬Ÿà„π™à«ß 826-885 ≈∫.‡¡µ√/
‰√à (Table 2) „π·ª≈ßπ“¥”¡’°“√√–∫“¬πÈ”ÕÕ°‡¡◊ËÕ¢â“«
Õ“¬ÿ 90 «—πÀ≈—ß¥”  À√◊Õ°àÕπ‡°Á∫‡°’Ë¬« 2  —ª¥“Àå  ·µà¡’
Ωπµ°„π™à«ß°àÕπ‡°Á∫‡°’Ë¬«∑”„Àâ¡’πÈ”¢—ß (Figure 1)  àßº≈
µàÕ°“√‡°Á∫‡°’Ë¬«‡≈Á°πâÕ¬  à«ππ“À«à“ππÈ”µ¡¡’°“√√–∫“¬

Table 1. Effects of rice cultivations and fertilizer application on grain yields, total

methane emission (TME) and methane emission per unit grain (MPG)

obtained from second rice season, 2004.

  Cultivation1 Basal1 Top1 Yield2 TME2 MPG2

     method fertilizer fertilizer (kg/rai) gCH
4
/m2 gCH

4
/kg yield

C1 B1 F1 668 c 20.1 a 48.1 a
(Transplanting) (16-16-8, F2 953 a 33.4 a 56.0 a

20 kg rai-1) F3 799 b 21.3 a 42.7 a
Mean 807 24.9 48.9

B2 F1 652 a 36.3 a 89.0 a
(CMP, F2 748 a 9.8 b 20.9 b
105 kg rai-1) F3 762 a 11.3 b 23.7 b

Mean 720 19.1 44.5
C1 Mean 763 22.0 46.7

C2 B1 F1 656 c 46.1 a 112.6 a
(Direct-wet (16-16-8, F2 861 b 20.1 c 37.4 c
seeding) 20 kg rai-1) F3 904 a 33.5 b 59.3 b

Mean 807 33.2 69.8
B2 F1 606 c 41.6 a 109.8 a
(CMP, F2 846 b 42.7 a 80.7 b
105 kg rai-1) F3 896 a 29.1 b 52.0 c

Mean 783 37.8 80.8
C2 Mean 795 35.5 75.3

Diff C3 -31.2 -13.5 -28.5
LSD (5%) 64.3 13.7 32.8

B1 Mean 807 29.1 59.3
B2 Mean 751 28.4 62.7
Diff B4 55.2 0.6 -3.4
LSD (5%) 90.9 13.7 32.8

1 C1 = Transplanting , C2 = Direct-wet seeding ; B1 = basal as 16-16-8, 20 kg rai-1, B2 = basal as

CMP, 105 kg rai-1; F1 = None, F2 = Top as AS, 30 kg rai-1, F3 = Top as Urea, 15 kg rai-1

2 For each cultivation method (C1 or C2) and for each kind of basal fertilizer (B1 or B2) the

averages followed by a common letter are not significantly different at 95% by DMRT.
3 Diff C is the different between 2 rice cultivation methods (C1 mean - C2 mean), Diff C is lesser

than LSD (5%), mean it is not significantly different at 95%.
4 Diff B is the different between 2 rice cultivation methods (B1 mean - B2 mean), Diff  B is lesser

than LSD (5%), mean it is not significantly different at 95%.
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πÈ”ÕÕ°‡¡◊ËÕ¢â“«Õ“¬ÿ 104 «—πÀ≈—ßÀ«à“π À√◊Õ°àÕπ‡°Á∫‡°’Ë¬«
9 «—π  µ≈Õ¥ƒ¥Ÿª≈Ÿ°„π·ª≈ßπ“¥”¡’®”π«π«—ππÈ”¢—ß – ¡
76-87 «—π ·≈–π“À«à“ππÈ”µ¡ 94-100 «—π (Table 2)

3. Õ‘∑∏‘æ≈¢Õß«‘∏’°“√ª≈Ÿ°¢â“«·≈–°“√®—¥°“√ªÿÜ¬·≈–πÈ”

µàÕÕ—µ√“°“√ª≈àÕ¬ CH
4
 (MER)

®“°°“√∑¥≈Õßæ∫«à“°“√®—¥°“√ªÿÜ¬·≈–πÈ”„ππ“¥”

Figure 1. Change in paddy - soil water during rice cultivation, transplanting rice (a) and

direct-wet-seeding rice (b). DAT = Days after transplanting, DAB = Days after

broadcasting.

F1) Basal: 16-16-8, 20 kg rai-1; Top: 0

F2) Basal: 16-16-8, 20 kg rai-1; Top: Ammonium sulfate, 30 kg rai-1

F3) Basal: 16-16-8, 20 kg rai-1; Top: Urea, 15 kg rai-1

F4) Basal: Chicken manure pallet, 105 kg rai-1; Top: 0

F5) Basal: Chicken manure pallet, 105 kg rai-1; Top: Ammonium sulfate, 30 kg rai-1

F6) Basal: Chicken manure pallet, 105 kg rai-1; Top: Urea, 15 kg rai-1
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·≈–π“À«à“ππÈ”µ¡ àßº≈„Àâ¡’≈—°…≥–°“√ª≈àÕ¬ CH
4
 µ≈Õ¥

ƒ¥Ÿ§≈â“¬§≈÷ß°—π (Figure 2) °≈à“«§◊Õ ¡’Õ—µ√“°“√ª≈àÕ¬
CH

4
 §àÕπ¢â“ß Ÿß Õß™à«ß§◊Õ ™à«ß·√°‡ªìπ√–¬–À≈—ßªí°¥”

À√◊ÕÀ≈—ßÀ«à“π∂÷ß√–¬–·µ°°Õ Ÿß ÿ¥ (0-33 «—πÀ≈—ß¥”·≈–
0-36 «—πÀ≈—ßÀ«à“π) ´÷Ëß‡ªìπ™à«ß∑’Ë‰¥â√—∫Õ‘∑∏‘æ≈¢Õß°“√
‰∂°≈∫µÕ´—ß·≈–«—™æ◊™„ππ“ ·≈–‡ªìπ™à«ß∑’Ë¡’°“√¢—ßπÈ”
‡æ◊ËÕ„Àâµâπ¢â“«‰¥âµ—Èßµ—« °Õª√°—∫¡’°“√„ àªÿÜ¬√Õßæ◊Èπ∑’ËÕ“¬ÿ
20 «—πÀ≈—ßª≈Ÿ° ´÷Ëß‡ªìπ√–¬–∑’Ëµâπ¢â“«¡’°“√‡®√‘≠‡µ‘∫‚µ
∑“ß≈”µâπ·≈–„∫ ‚¥¬∑’Ëπ“¥”¡’Õ—µ√“°“√ª≈àÕ¬ CH

4
 Õ¬Ÿà„π

™à«ß 7.6-690.8 ¡°. CH
4
/µ√.‡¡µ√/«—π (Figure 2a) ·≈–

π“À«à“ππÈ”µ¡¡’Õ—µ√“°“√ª≈àÕ¬  CH
4
  Õ¬Ÿà„π™à«ß  39.7-

1,176.9 ¡°. CH
4
/µ√.‡¡µ√/«—π (Figure 2b)  ”À√—∫™à«ß

∑’Ë Õß‡ªìπ™à«ß∑’Ëµâπ¢â“«Õ¬Ÿà„π√–¬–ÕÕ°¥Õ°®π∂÷ß√–¬–
æ≈—∫æ≈÷ß (yellow ripening) ́ ÷Ëß¡’°“√„ àªÿÜ¬·µàßÀπâ“∑’ËÕ“¬ÿ
64 «—πÀ≈—ßª≈Ÿ° ·≈–¢≥–‡¥’¬«°—π¡’πÈ”¢—ß Õ—µ√“°“√ª≈àÕ¬
CH

4
 „ππ“¥”Õ¬Ÿà„π™à«ß 19.1-1,263.6 ¡°.CH

4
/µ√.‡¡µ√/

«—π (Figure 2 a) ·≈–„ππ“À«à“ππÈ”µ¡Õ¬Ÿà„π™à«ß 8.4-

1,337.6 ¡°. CH
4
/µ√.‡¡µ√/«—π (Figure 2b) Õ—µ√“°“√

ª≈àÕ¬ CH
4
 ≈¥µË”≈ßÕ¬à“ß‡ÀÁπ‰¥â™—¥„π™à«ß∑’Ë¥‘π·Àâß·µ°

√–·Àß‡ªìπ√àÕß (cracks) ∑’Ë¢â“«Õ“¬ÿ 37 ·≈– 62 «—πÀ≈—ß
ª≈Ÿ° (Figure 1 ·≈– 2)  Õ¬à“ß‰√°Áµ“¡ æ∫«à“™à«ß∑â“¬ƒ¥Ÿ
°àÕπ‡°Á∫‡°’Ë¬«¡’Ωπµ°∑”„Àâ¥‘πÕ¬Ÿà„π ¿“æπÈ”¢—ß‡°‘¥¢÷Èπ
 àßº≈„Àâ¡’°“√ª≈àÕ¬ CH

4
 ‡™àπ°—π ´÷Ëß‡ÀÁπ‰¥â™—¥‡®π∑—Èß„π

π“¥”·≈–π“À«à“ππÈ”µ¡

4. Õ‘∑∏‘æ≈¢Õß«‘∏’°“√ª≈Ÿ°¢â“«·≈–°“√®—¥°“√ªÿÜ¬µàÕ°“√

ª≈àÕ¬ CH
4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ° (TME)

®“°º≈°“√∑¥≈Õß„π Table 1 æ∫«à“°“√∑”π“∑—Èß
 Õß«‘∏’§◊Õ °“√∑”π“¥”·≈–°“√∑”π“À«à“ππÈ”µ¡ „Àâ§à“
‡©≈’Ë¬¢Õß°“√ª≈àÕ¬ CH

4
 ∑—ÈßÀ¡¥µ≈Õ¥ƒ¥Ÿª≈Ÿ° 22.0 ·≈–

35.5 °√—¡ CH
4
/µ√.‡¡µ√ ´÷Ëß‰¡à·µ°µà“ß°—π∑“ß ∂‘µ‘ ·≈–

°“√„ àªÿÜ¬√Õßæ◊Èπ‰¡à«à“®–‡ªìπ 16-16-8 Õ—µ√“ 20 °°./‰√à
À√◊ÕªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥Õ—µ√“ 105 °°./‰√à „Àâ§à“‡©≈’Ë¬¢Õß∑—Èß
°“√∑¥≈Õß  29.1  ·≈–  28.4  °√—¡  CH

4
/µ√.‡¡µ√  °Á‰¡à

Table 2. Yield, seasonal paddy-soil water, submergence, total methane emission (TME), methane

emission per unit grain yield and relative change of yield and TME on second rice in

2004.

Treatment1/ Rice yield Paddy-soil water Submergence TME          Relative change (%)

(kg rai-1) (m3 rai-1) (accumulative days) (g CH
4
 m-2)

Yield2/ CH
4

2/

Transplanting (C1)
F1 668 861 81 20.1 - -

B1 F2 953 885 87 33.4 + 42.7 + 66.2
F3 799 851 82 21.3 + 19.6 + 6.0

F1 652 864 84 36.3 - -
B2 F2 748 845 76 9.8 + 14.7 - 73.0

F3 762 826 76 11.3 + 16.9 - 68.9

Direct - wet - seeding (C2)
F1 656 862 100 46.1 - -

B1 F2 861 856 94 20.1 + 31.3 - 56.4
F3 904 856 94 33.5 + 37.8 - 27.3

F1 606 862 100 41.6 - -
B2 F2 846 862 100 42.7 + 39.6 + 2.6

F3 896 858 95 29.1 + 47.9 - 30.0

1/ C1 = Transplanting, C2 = Direct-wet seeding; B1 = basal as 16-16-8, 20 kg rai-1, B2 = basal as CMP, 105 kg rai-1.

F1 = None, F2 = Top as AS, 30 kg rai-1, F3 = Top as Urea, 15 kg rai-1

2/ Relative changes of yield and TME were based on F1 for F2 and F3.
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·µ°µà“ß∑“ß ∂‘µ‘‡™àπ°—π ´÷Ëß„ππ“¥”∑’Ë√Õßæ◊Èπ¥â«¬ 16-16-

8 Õ—µ√“ 20 °°./‰√à °“√„ àªÿÜ¬·µàßÀπâ“‰¡à∑”„Àâ°“√ª≈àÕ¬
CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°·µ°µà“ß®“°∑’Ë‰¡à„ àªÿÜ¬·µàßÀπâ“ „π¢≥–

∑’Ë„ππ“¥”∑’Ë√Õßæ◊Èπ¥â«¬ªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥Õ—µ√“ 105 °°./‰√à
·≈–π“À«à“ππÈ”µ¡∑’Ë√Õßæ◊Èπ¥â«¬ªÿÜ¬ 16-16-8 Õ—µ√“ 20

°°./‰√à À√◊ÕªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥Õ—µ√“ 105 °°./‰√à π—Èπ °“√„ à
ªÿÜ¬·µàßÀπâ“∑—Èß 2 µ”√—∫ ‚¥¬∑—Ë«‰ª®–≈¥°“√ª≈àÕ¬ CH

4

µ≈Õ¥ƒ¥Ÿª≈Ÿ°≈ß ·≈–·µ°µà“ß®“°∑’Ë‰¡à„ àªÿÜ¬·µàßÀπâ“Õ¬à“ß
¡’π—¬ ”§—≠∑“ß ∂‘µ‘

Figure 2. Change in methane emission rates during rice cultivation, transplanting rice (a)

and direct-wet-seeding rice (b). DAT = Days after transplanting, DAB = Days after

broadcasting.

F1) Basal: 16-16-8, 20 kg rai-1; Top: 0

F2) Basal: 16-16-8, 20 kg rai-1; Top: Ammonium sulfate, 30 kg rai-1

F3) Basal: 16-16-8, 20 kg rai-1; Top: Urea, 15 kg rai-1

F4) Basal: Chicken manure pallet, 105 kg rai-1; Top: 0

F5) Basal: Chicken manure pallet, 105 kg rai-1; Top: Ammonium sulfate, 30 kg rai-1

F6) Basal: Chicken manure pallet, 105 kg rai-1; Top: Urea, 15 kg rai-1
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¡‘.¬. 2549
°“√≈¥°ä“´¡’‡∑π„ππ“¢â“«

æ—™√’  · π®—π∑√å ·≈–§≥–663

5. Õ‘∑∏‘æ≈¢Õß«‘∏’°“√ª≈Ÿ°¢â“«·≈–°“√®—¥°“√ªÿÜ¬µàÕª√‘¡“≥

CH
4
 ∑’Ëª≈àÕ¬µàÕÀπà«¬º≈º≈‘µ¢â“« (MPG)

ª√‘¡“≥ CH
4
 ∑’Ëª≈àÕ¬µàÕÀπà«¬º≈º≈‘µ¢â“«  “¡“√∂

∫Õ°∂÷ßª√‘¡“≥°“√ª≈àÕ¬ CH
4
 µàÕ°“√º≈‘µ¢â“« 1 °°. ®“°

º≈°“√∑¥≈Õß„π Table 1  æ∫«à“ª√‘¡“≥ CH
4
 ∑’Ëª≈àÕ¬

µàÕÀπà«¬º≈º≈‘µ¢â“«¢Õßπ“¥”·≈–π“À«à“ππÈ”µ¡¡’§à“‡©≈’Ë¬
46.7 ·≈– 75.3 °√—¡ CH

4
/°°.º≈º≈‘µ ´÷Ëß‰¡à·µ°µà“ß°—π

∑“ß ∂‘µ‘   „ππ“¥”µ”√—∫∑’Ë√Õßæ◊Èπ¥â«¬ªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥
Õ—µ√“ 105 °°./‰√à ·≈–·µàßÀπâ“¥â«¬·Õ¡‚¡‡π’¬¡´—≈‡øµ
Õ—µ√“ 30 °°./‰√à  À√◊Õ∑’Ë·µàßÀπâ“¥â«¬¬Ÿ‡√’¬ Õ—µ√“ 15 °°./
‰√à „Àâª√‘¡“≥ CH

4
 ∑’Ëª≈àÕ¬µàÕÀπà«¬º≈º≈‘µ¢â“« 20.87

·≈– 23.72 °√—¡ CH
4
/°°.º≈º≈‘µ ´÷ËßµË”∑’Ë ÿ¥ 2 Õ—π¥—∫

·√°„π°“√∑¥≈Õß  ·≈–æ∫«à“µË”°«à“∑ÿ°µ”√—∫Õ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘   ”À√—∫„ππ“À«à“ππÈ”µ¡æ∫«à“·ª≈ß∑’Ë„ à
ªÿÜ¬√Õßæ◊Èπ‡æ’¬ßÕ¬à“ß‡¥’¬«„Àâ§à“ª√‘¡“≥ CH

4
 ∑’Ëª≈àÕ¬µàÕ

Àπà«¬º≈º≈‘µ¢â“«¡’§à“ Ÿß „π¢≥–∑’Ëµ”√—∫∑’Ë√Õßæ◊Èπ¥â«¬ 16-

16-8 Õ—µ√“ 20 °°./‰√à  ·≈–·µàßÀπâ“¥â«¬·Õ¡‚¡‡π’¬¡
´—≈‡øµ Õ—µ√“ 30 °°./‰√à  „Àâª√‘¡“≥ CH

4
 ∑’Ëª≈àÕ¬µàÕ

Àπà«¬º≈º≈‘µ¢â“« 37.35 °√—¡ CH
4
/°°.º≈º≈‘µ µË”≈ß°«à“

·ª≈ß∑’Ë„ àªÿÜ¬√Õßæ◊ÈπÕ¬à“ß‡¥’¬«Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

6. §«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥°“√ª≈àÕ¬ CH
4
 µ≈Õ¥

ƒ¥Ÿª≈Ÿ°·≈– ¿“æ§«“¡™◊Èπ„π¥‘ππ“

®“°º≈°“√∑¥≈Õß æ∫«à“ ª√‘¡“≥πÈ”„ππ“¥”Õ¬Ÿà
„π™à«ß 826-885 ≈∫.‡¡µ√/‰√à ·≈–π“À«à“ππÈ”µ¡Õ¬Ÿà„π
™à«ß 855-862 ≈∫.‡¡µ√/‰√à (Table 2) ¡’§à“ª√‘¡“≥°“√
ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°„ππ“¥”Õ¬Ÿà„π™à«ß 9.8-36.3 °√—¡

CH
4
/µ√.‡¡µ√  ·≈–„ππ“À«à“ππÈ”µ¡ 20.1-46.1 °√—¡

CH
4
/µ√.‡¡µ√ ‚¥¬∑—Ë«‰ªª√‘¡“≥°“√ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿ

ª≈Ÿ°‡æ‘Ë¡ Ÿß¢÷Èπµ“¡ª√‘¡“≥πÈ”„π¥‘ππ“·≈–®”π«π«—ππÈ”
¢—ß – ¡

∑—Èßπ’ÈºŸâ‡¢’¬π‰¥â· ¥ß§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥
°“√ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°°—∫ª√‘¡“≥πÈ”„π¥‘ππ“

 ”À√—∫π“¥”·≈–π“À«à“ππÈ”µ¡ (Figure 3a) æ∫«à“ ‰¥â
§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (r) ‡∑à“°—∫ 0.83 ·≈– 0.86 ·≈–
‡ªìπ‰ª„π∑”πÕß‡¥’¬«°—π°—∫§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥
°“√ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°°—∫®”π«π«—ππÈ”¢—ß – ¡

´÷Ëß¡’§à“ r ‡∑à“°—∫ 0.94 ·≈– 0.89 (Figure 3b) ®–‡ÀÁπ«à“

ª√‘¡“≥°“√ª≈àÕ¬ CH
4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°®“°π“∑—Èß 2 ª√–‡¿∑

¡’§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥πÈ”„ππ“·≈–®”π«π«—π¢—ßπÈ”
 – ¡   “¡“√∂°≈à“«‰¥â«à“ §«“¡™◊Èπ„π¥‘π∑’Ë ¿“æÕ‘Ë¡µ—«
‡ªìπªí®®—¬À≈—°∑’Ë ”§—≠∑’Ë¡’Õ‘∑∏‘æ≈µàÕ°“√‡°‘¥ CH

4

7. §«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥°“√ª≈àÕ¬ CH
4
 µ≈Õ¥

ƒ¥Ÿª≈Ÿ°·≈–º≈º≈‘µ¢â“«

®“°  Figure 3c  æ∫«à“  „ππ“¥”§«“¡ —¡æ—π∏å
√–À«à“ßª√‘¡“≥°“√ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ° ·≈–º≈º≈‘µ

‡ªìπ‰ª„π∑“ß∫«°·µà‰¡à™—¥‡®π r ‡∑à“°—∫ 0.16   à«π„π
π“À«à“ππÈ”µ¡¡’§«“¡ —¡æ—π∏å„π∑“ß≈∫ r ‡∑à“°—∫ -0.65

π—Ëπ§◊Õ„ππ“À«à“ππÈ”µ¡„Àâº≈º≈‘µ Ÿß·µàª√‘¡“≥°“√ª≈àÕ¬
CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°µË” · ¥ß„Àâ‡ÀÁπ«à“°“√ª≈Ÿ°¢â“«‚¥¬«‘∏’

À«à“ππÈ”µ¡™à«¬≈¥ª√‘¡“≥°“√‡°‘¥ CH
4
 ‰¥â

8. §«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥πÈ”„π¥‘π·≈–º≈º≈‘µ¢â“«

®“°  Figure 3d  æ∫«à“  „ππ“¥”§«“¡ —¡æ—π∏å
√–À«à“ßª√‘¡“≥πÈ”„π¥‘ππ“·≈–º≈º≈‘µ¢â“«‡ªìπ‰ª„π∑“ß
∫«° r ‡∑à“°—∫ 0.39 π—Ëπ§◊Õ·ª≈ß∑’Ë„Àâº≈º≈‘µ Ÿß¡’ª√‘¡“≥
πÈ”„π¥‘π Ÿß   à«π„ππ“À«à“ππÈ”µ¡¡’§«“¡ —¡æ—π∏å„π∑“ß
≈∫ r ‡∑à“°—∫ - 0.77 π—Ëπ§◊Õ·ª≈ß∑’Ë„Àâº≈º≈‘µ Ÿß¡’ª√‘¡“≥
πÈ”„π¥‘πµË”  · ¥ß„Àâ‡ÀÁπ«à“°“√ª≈Ÿ°¢â“«¥â«¬«‘∏’À«à“π
πÈ”µ¡ “¡“√∂§ß‰«â´÷Ëßº≈º≈‘µÀ√◊Õ„Àâº≈º≈‘µ¥’ ·≈–¢≥–
‡¥’¬«°—πª√–À¬—¥πÈ”„π°“√º≈‘µ¢â“«‰¥â

«‘®“√≥å

®“°°“√∑¥≈Õßπ’Èæ∫«à“∑—Èßπ“¥”·≈–π“À«à“ππÈ”µ¡
¡’°“√„™âπÈ”„πª√‘¡“≥∑’Ë„°≈â‡§’¬ß°—π àßº≈„Àâ¡’≈—°…≥–°“√
ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿ§≈â“¬§≈÷ß°—π ·≈–‚¥¬∑—Ë«‰ªª√‘¡“≥

°“√ª≈àÕ¬ CH
4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°‡æ‘Ë¡ Ÿß¢÷Èπµ“¡ª√‘¡“≥πÈ”„π

¥‘ππ“ (Mishra et al., 1997) ·≈–®”π«π«—ππÈ”¢—ß – ¡
·µà àßº≈µàÕº≈º≈‘µ‚¥¬„ππ“¥”º≈º≈‘µ¡’·π«‚πâ¡ Ÿß¢÷Èπ
µ“¡ª√‘¡“≥πÈ”∑’Ë„™â  ·µà„ππ“À«à“ππÈ”µ¡º≈º≈‘µ¡’·π«‚πâ¡
 Ÿß¢÷ÈπÀ“°„™âπÈ”πâÕ¬≈ß (Saenjan et al., 2002)   À“°
æ‘®“√≥“∂÷ßª√‘¡“≥πÈ”„π¥‘π∑—Èß°“√∑¥≈Õßπ’ÈÕ¬Ÿà„π™à«ß
826-885 ≈∫.‡¡µ√/‰√à ‡¡◊ËÕ‡∑’¬∫°—∫µ—«‡≈¢ª√‘¡“≥πÈ”„™â
„π°“√∑”π“πÈ”¢—ß 1,200 ≈∫.‡¡µ√/‰√à (°√¡™≈ª√–∑“π,
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Figure 3. Relationship between total methane emission and quantity of paddy-soil water (a),

submergence days (b), grain yield (c) and between quantity of paddy-soil water

and grain yield (d) in tranplanting rice (left) and direct-wet seeding rice (right).

2537) æ∫«à“≈¥≈ß‰¥â 26.2-31.1% ª√‘¡“≥πÈ”∑’Ë≈¥≈ßπ’È
À“°‡∑’¬∫∑—Èßæ◊Èπ∑’Ë‚§√ß°“√™≈ª√–∑“πÀπÕßÀ«“¬ 416

µ√.°¡. (°√¡™≈ª√–∑“π, 2548) ®–ª√–¡“≥ 255.9 ≈â“π
≈∫.‡¡µ√ ‡∑’¬∫‰¥â 10% ¢Õß§«“¡®ÿπÈ”„π‡¢◊ËÕπÕÿ∫≈√—µπå
2,559 ≈â“π ≈∫.‡¡µ√ (°√¡™≈ª√–∑“π, 2548) ¥—ßπ—Èπ

§«√ª√–À¬—¥πÈ”„π°“√∑”π“‚¥¬¥‘ππ“∑’Ë‡π◊ÈÕ¥‘π√à«πÀ√◊Õ
√à«πªπ∑√“¬  “¡“√∂ª≈àÕ¬„Àâ¥‘π·Àâß‚¥¬°“√§“¬√–‡À¬
®π¥‘π·Àâß·µ°√–·Àß 3-5 «—π À“°‡ªìπ¥‘π‡Àπ’¬«‰¡à§«√
·µ°√–·Àß‡°‘π 2 «—π ·≈â«®÷ß∑¥πÈ”„Àâ¢—ßª√–¡“≥ 5 ´¡.
´÷Ëß “¡“√∂∑”‰¥âÕ¬à“ßπâÕ¬ 2 √Õ∫  πÕ°®“°®–™à«¬
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¡‘.¬. 2549
°“√≈¥°ä“´¡’‡∑π„ππ“¢â“«

æ—™√’  · π®—π∑√å ·≈–§≥–665

ª√–À¬—¥πÈ”·≈â«¬—ß™à«¬≈¥°“√ª≈àÕ¬ CH
4
 ®“°π“¥â«¬·≈–

‰¡à àßº≈°√–∑∫µàÕº≈º≈‘µ¢â“« °“√ª≈àÕ¬ CH
4
 ®–¡’Õ—µ√“

µË”„π™à«ß∑’Ë‡°‘¥√àÕß·µ°√–·Àß (cracks) ·≈–¡’Õ—µ√“°“√
ª≈àÕ¬∑’Ë Ÿß„π√–¬–¢â“«·µ°°Õ·≈–ÕÕ°¥Õ° (æ—™√’ ·≈–§≥–,

2547) ´÷Ëßæ∫«à“√àÕß·µ°√–·Àßπ—Èπ§≈â“¬°—∫∑’Ë√“¬ß“π‚¥¬
Yoshida ·≈– Adachi (2001) Õ¬à“ß‰√°Áµ“¡ °“√∑”„Àâ
¥‘π·Àâßπ—Èπ àß‡ √‘¡„Àâ‡°‘¥°“√ Ÿ≠‡ ’¬∏“µÿ‰π‚µ√‡®π„π√Ÿª
°ä“´‰πµ√— ÕÕ°‰´¥å (Cai et al., 1999) ´÷Ëß∂◊Õ‡ªìπ°ä“´
‡√◊Õπ°√–®°Õ’°™π‘¥Àπ÷Ëß

º≈°“√∑¥≈Õß∑’Ëª√–‡∑»øî≈‘ªªîπ å æ∫«à“ π“∑’Ë¡’
°“√¢—ßπÈ” 5 ´¡.„Àâº≈º≈‘µ 6.7 µ—π/‡Œ°µ“√å  „π¢≥–∑’Ëπ“
∑’Ë√–∫“¬πÈ”ÕÕ°°≈“ßƒ¥Ÿ„Àâº≈º≈‘µ‰¡à·µ°µà“ß°—π§◊Õ 6.4

µ—π/‡Œ°µ“√å  ·µàª≈àÕ¬ CH
4
 ≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠¬‘Ëß∑“ß

 ∂‘µ‘ π—Ëπ§◊Õ °“√√–∫“¬πÈ”ÕÕ°°≈“ßƒ¥Ÿ™à«¬ª√–À¬—¥πÈ”
·≈–‰¡à àßº≈°√–∑∫µàÕº≈º≈‘µ¢â“«·µà™à«¬≈¥°“√ª≈àÕ¬ CH

4

‚¥¬∑’Ë·ª≈ß∑’Ë¢—ßπÈ”µ≈Õ¥ƒ¥Ÿª≈Ÿ°ª≈àÕ¬ CH
4
 µàÕÀπà«¬

º≈º≈‘µ¢â“« 11.1 °√—¡ CH
4
/°°.º≈º≈‘µ ·≈–·ª≈ß∑’Ë

√–∫“¬πÈ”ÕÕ°°≈“ßƒ¥Ÿª≈Ÿ°ª≈àÕ¬ CH
4
 ‡æ’¬ß 7.4 °√—¡

CH
4
/°°.º≈º≈‘µ (Corton et al., 2000)  §à“ª√‘¡“≥°“√

ª≈àÕ¬ CH
4
 µàÕÀπà«¬º≈º≈‘µ¢â“«¢Õß§≥–«‘®—¬π’È Ÿß°«à“¢Õß

Corton ·≈–§≥– §àÕπ¢â“ß¡“°  ´÷Ëß¡’§à“‡©≈’Ë¬ 46.7 ·≈–
75.3 °√—¡ CH

4
/°°.º≈º≈‘µ   ”À√—∫π“¥”·≈–π“À«à“π

πÈ”µ¡  ∑—Èßπ’È‡æ√“–„π°“√∑¥≈Õßπ’È¡’ª√‘¡“≥Õ‘π∑√’¬«—µ∂ÿ
 Ÿß°«à“·µà„Àâº≈º≈‘µ¢â“«µË”°«à“  °“√∑¥≈Õß∑’Ëª√–‡∑»
Õ‘π‚¥π’‡´’¬„πƒ¥Ÿπ“ª√—ß (dry season) æ∫«à“ª√‘¡“≥°“√
ª≈àÕ¬ CH

4
 µàÕÀπà«¬º≈º≈‘µ¢â“«„π·ª≈ßπÈ”¢—ßµ≈Õ¥ƒ¥Ÿ

ª≈Ÿ°¡’§à“ 57.6-86.4 °√—¡ CH
4
/°°.º≈º≈‘µ ·≈–„π·ª≈ß

∑’Ë „ÀâπÈ”‡ªìπ∫“ß™à«ß (intermittent irrigation) ¡’§à“
„°≈â‡§’¬ß°—πÕ¬Ÿà„π™à«ß 57.8-88.1 °√—¡ CH

4
/°°.º≈º≈‘µ

´÷Ëßæ«°‡¢“æ∫«à“ Ÿß°«à“µ—«‡≈¢∑’Ë‰¥â„πƒ¥ŸΩπ§◊Õ 55.1-73.8

°√—¡ CH
4
/°°.º≈º≈‘µ  ∑—Èßπ’È‡æ√“–º≈º≈‘µ„πƒ¥Ÿπ“ª√—ß

µË”°«à“¢Õßƒ¥ŸΩπ (Nugroho et al., 1994)

º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“°“√º≈‘µ¢â“«„ππ“¥”
·≈–π“À«à“ππÈ”µ¡π—Èπ §«√„ àªÿÜ¬√Õßæ◊Èπ¥â«¬ 16-16-8 À√◊Õ
ªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥ ·≈–·µàßÀπâ“¥â«¬ªÿÜ¬·Õ¡‚¡‡π’¬¡ —́≈‡øµ
À√◊Õ¬Ÿ‡√’¬ ‡À≈à“π’È¡’§«“¡®”‡ªìπµàÕ°“√‡æ‘Ë¡º≈º≈‘µ¢â“« ∑—Èßπ’È
æ∫«à“∑—Èß°“√∑¥≈Õß„Àâº≈º≈‘µ¢â“«§àÕπ¢â“ß Ÿß (652-958

°°./‰√à)  Ÿß°«à“º≈º≈‘µ¢â“«∑’Ë§«√Õâ“ß∂÷ß¥—ßµàÕ‰ªπ’È º≈º≈‘µ

¢â“«π“ª√—ß¢Õß®—ßÀ«—¥¢Õπ·°àπ 472 °°./‰√à,  ¢Õß¿“§
µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ 466 °°./‰√à  ·≈–¢Õßª√–‡∑»‰∑¬
672 °°./‰√à ·≈–¬—ßæ∫«à“ Ÿß°«à“º≈º≈‘µ¢â“«‡©≈’Ë¬¢Õß‚≈°
(619 °°./‰√à) ( ”π—°ß“π‡»√…∞°‘®°“√‡°…µ√, 2545)

‰¡à«à“®–‡ªìπªÿÜ¬‡§¡’ ªÿÜ¬Õ‘π∑√’¬å À√◊ÕÕ‘π∑√’¬«—µ∂ÿ
≈â«π‡ªìπ ‘Ëß®”‡ªìπµàÕ°“√§ß‰«â´÷Ë ßº≈º≈‘µ¢â“«∑—Èß ‘Èπ
¢≥–‡¥’¬«°—π°Á¡’º≈µàÕ°“√ª≈àÕ¬ CH

4
 ‡™àπ°—π °“√„ àªÿÜ¬

Õ‘π∑√’¬åÀ√◊ÕÕ‘π∑√’¬«—µ∂ÿ (ø“ß¢â“«À√◊Õ‡»…´“°æ◊™∑’Ëµ°§â“ß
Õ¬Ÿà) ≈ß„π¥‘ππ“®–‡°‘¥°“√ ≈“¬µ—«°≈“¬‡ªìπ·À≈àß§“√å∫Õπ
 ”À√—∫ methanogenic bacteria ´÷Ëß àß‡ √‘¡„Àâ‡°‘¥ CH

4

(Neue et al.,1996; Le Mer and Roger, 2001) ®÷ß‰¡à
§«√„ àÕ‘π∑√’¬«—µ∂ÿ¡“°‡°‘π‰ª  (æ—™√’ ·≈– ‘√‘∏√, 2548;

Saenjan et al., 2000; 2001; 2002) °“√„ àÕ‘π∑√’¬«—µ∂ÿ
§«√„ à„π ¿“æ¥‘π·Àâß 2  —ª¥“Àå°àÕπ°“√‡µ√’¬¡¥‘π‡æ◊ËÕ
≈¥Õ—µ√“°“√‡°‘¥ CH

4
  ·≈–°“√ – ¡¢Õß°√¥Õ‘π∑√’¬å

(æ—™√’ ·≈–§≥–, 2545)

°“√„ àªÿÜ¬·Õ¡‚¡‡π’¬¡´—≈‡øµ “¡“√∂≈¥°“√ª≈àÕ¬
CH

4
 ®“°π“¢â“«‰¥â ‚¥¬´—≈‡øµ®– àß‡ √‘¡°“√‡®√‘≠‡µ‘∫‚µ

¢Õß sulfate reducing bacteria ·≈–¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ
À√◊Õ≈¥°‘®°√√¡¢Õß methanogenic bacteria  ¥—ß°“√
∑¥≈Õß¢Õß Liou et al. (2003) æ∫«à“°“√„ à·Õ¡‚¡‡π’¬¡
´—≈‡øµ„πÕ—µ√“ 22.4 °°.N/‰√à ‡ªìπªÿÜ¬·µàßÀπâ“  “¡“√∂
¬—∫¬—Èß°“√ª≈¥ª≈àÕ¬ CH

4
 ‰¥â ·≈–„Àâº≈º≈‘µ Ÿß°«à“°“√„ à

‚æ·∑ ‡´’¬¡‰π‡µ√∑„πÕ—µ√“‡∑à“°—π  πÕ°®“°π’È°“√„ à¬‘ª´—¡
(calcium sulfate) „ππ“¢â“« 1,056 °°/‰√à  “¡“√∂≈¥
°“√ª≈àÕ¬ CH

4
 ‰¥â∂÷ß 50-70% ‡¡◊ËÕ‡∑’¬∫°—∫π“∑’Ë„ àªÿÜ¬

¬Ÿ‡√’¬·≈–ªÿÜ¬æ◊™ ¥Õ¬à“ß‡¥’¬« (Denier van der Gon and

Neue, 1994)  °“√„ àøÕ ‚ø¬‘ª´—¡ (phosphogypsum)

´÷Ëß¡’ CaSO
4
.nH

2
O ‡ªìπÕß§åª√–°Õ∫À≈—° ·≈–¡’ SO

4
2- ∂÷ß

44-46%  “¡“√∂≈¥°“√ª≈àÕ¬ CH
4
 ‰¥â‡™àπ°—π (Corton

et al., 2000) ·≈– Rath et al. (2002) æ∫«à“°“√„ àªÿÜ¬
¬Ÿ‡√’¬Õ—µ√“ 9.6 °°.N/‰√à ·≈–·Õ¡‚¡‡π’¡‰∏‚Õ —́≈‡øµ 2

Õ—µ√“ 7.3 °°.N/‰√à (3.2 °°.S/‰√à) ·≈– 9.6 °°.N/‰√à
(4.5 °°.S/‰√à)  “¡“√∂≈¥°“√ª≈àÕ¬ CH

4
 ‰¥âÕ¬à“ß™—¥‡®π

∂÷ß 38 ·≈– 60% ‡¡◊ËÕ‡∑’¬∫°—∫∑’Ë‰¡à„ àªÿÜ¬  à«πªÿÜ¬¬Ÿ‡√’¬¡’
º≈∑”„Àâ‡æ‘Ë¡°“√ª≈àÕ¬ CH

4
 12% À≈“¬ß“π«‘®—¬‰¥â¬◊π¬—π

«à“·Õ¡‚¡‡π’¬¡´—≈‡øµÀ√◊ÕªÿÜ¬∑’Ë¡’Õπÿ¡Ÿ≈´—≈‡øµ “¡“√∂≈¥
°“√ª≈àÕ¬ CH

4
 ‰¥â 50-60% ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ªÿÜ¬¬Ÿ‡√’¬
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‚¥¬∑’Ë‰¡à°√–∑∫µàÕº≈º≈‘µ¢â“« (Lindau, 1994 Õâ“ß‚¥¬
Le Mer and Roger, 2001)

„π°“√∑¥≈Õßπ’È„ππ“¥”∑’Ë√Õßæ◊Èπ¥â«¬ªÿÜ¬¡Ÿ≈‰°àÕ—¥
‡¡Á¥Õ—µ√“ 105 °°./‰√à  ·≈â«·µàßÀπâ“¥â«¬·Õ¡‚¡‡π’¬¡
´—≈‡øµ Õ—µ√“ 30 °°./‰√à   “¡“√∂≈¥ª√‘¡“≥°“√ª≈àÕ¬
CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°‰¥â∂÷ß 73% ·≈–º≈º≈‘µ¢â“«‡æ‘Ë¡¢÷Èπ

14.7% „π¢≥–‡¥’¬«°—πµ”√—∫∑’Ë·µàßÀπâ“¥â«¬¬Ÿ‡√’¬Õ—µ√“ 15

°°./‰√à  “¡“√∂≈¥ª√‘¡“≥°“√ª≈àÕ¬ CH
4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°

‰¥â∂÷ß 68.9% ·≈–„Àâº≈º≈‘µ¢â“«‡æ‘Ë¡¢÷Èπ 16.9% (Table 2)

 à«πµ”√—∫∑’Ë√Õßæ◊Èπ¥â«¬ 16-16-8 Õ—µ√“ 20 °°./‰√à ·≈–
·µàßÀπâ“¥â«¬·Õ¡‚¡‡π’¬¡´—≈‡øµ Õ—µ√“ 30 °°./‰√à ¡’
ª√‘¡“≥°“√ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°‡æ‘Ë¡¢÷Èπ 66.2% ®“°

·ª≈ß∑’Ë‰¡à„ àªÿÜ¬·µàßÀπâ“ ‡æ√“–·ª≈ßπ’È∫—ß‡Õ‘≠¡’ª√‘¡“≥
πÈ”¡“°∑’Ë ÿ¥„π°“√∑¥≈Õß 885 ≈∫.‡¡µ√/‰√à   à«π„ππ“
À«à“ππÈ”µ¡‚¥¬∑—Ë«‰ª∑’Ë‰¥â√—∫ªÿÜ¬·µàßÀπâ“∑ÿ°µ”√—∫ “¡“√∂
≈¥ª√‘¡“≥°“√ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°≈ß‰¥â∂÷ß 27.3-

56.4% ¬°‡«âπµ”√—∫∑’Ë·µàßÀπâ“¥â«¬ªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥Õ—µ√“
105 °°./‰√à ·≈–·µàßÀπâ“¥â«¬¬Ÿ‡√’¬Õ—µ√“ 15 °°./‰√à ª≈àÕ¬
TME ‡æ‘Ë¡¢÷Èπ·§à 2.6% ´÷Ëß®—¥«à“‡≈Á°πâÕ¬¡“°„π∑“ß ∂‘µ‘
·µà„Àâº≈º≈‘µ¢â“« Ÿß¢÷Èπ 31.3-47.9%  ‡ªìπ∑’Ëπà“ —ß‡°µ«à“
„ππ“À«à“ππÈ”µ¡µ”√—∫∑’Ë√Õßæ◊Èπ¥â«¬ ªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥Õ—µ√“
105 °°./‰√à  ·≈–·µàßÀπâ“¥â«¬·Õ¡‚¡‡π’¬¡´—≈‡øµ Õ—µ√“
30 °°./‰√à ª√‘¡“≥°“√ª≈àÕ¬ CH

4
 µ≈Õ¥ƒ¥Ÿª≈Ÿ°‰¡à≈¥≈ß

‡æ√“–«à“·ª≈ßπ’È¡’®”π«π«—π∑’Ë¡’πÈ”¢—ß – ¡§àÕπ¢â“ß¡“°∂÷ß
100 «—π

 √ÿª

ªÿÜ¬‡§¡’  ªÿÜ¬Õ‘π∑√’¬å  À√◊ÕÕ‘π∑√’¬«—µ∂ÿ  ≈â«π‡ªìπ ‘Ëß
®”‡ªìπµàÕ°“√§ß‰«â´÷Ëßº≈º≈‘µ¢â“« ¢≥–‡¥’¬«°—π¡’º≈µàÕ°“√
ª≈àÕ¬ CH

4
  °“√„ àªÿÜ¬„Àâ‰¥âª√–‚¬™πå¡“°∑’Ë ÿ¥∑—Èß„π°“√

‡æ‘Ë¡º≈º≈‘µ¢â“«·≈– “¡“√∂≈¥°“√ª≈àÕ¬ CH
4
 §«√§”π÷ß

∂÷ß™π‘¥¢ÕßªÿÜ¬ ·≈–Õ—µ√“∑’ËæÕ‡À¡“–®–§ß‰«ấ ÷Ëßº≈º≈‘µ¢â“«
∑’Ë Ÿß  πÕ°®“°π’È¬—ßµâÕß§”π÷ß∂÷ß‡√◊ËÕß°“√®—¥°“√πÈ”´÷Ëß¡’º≈
µàÕº≈º≈‘µ¢â“«·≈–°“√ª≈àÕ¬ CH

4
 ‚¥¬ “¡“√∂ª≈àÕ¬„Àâ

πÈ”„ππ“¢â“«§“¬√–‡À¬®π¥‘π·Àâß‰¥âπ“π 3-5 «—π πÕ°
®“°®–‡ªìπ°“√ª√–À¬—¥πÈ”·≈â«¬—ß™à«¬≈¥°“√ª≈àÕ¬ CH

4

Õ’°∑“ß¥â«¬

°“√ª≈Ÿ°¢â“«„ππ“¥”µ”√—∫∑’Ë√Õßæ◊Èπ¥â«¬ªÿÜ¬ Ÿµ√ 16-

16-8 ·≈–·µàßÀπâ“¥â«¬ªÿÜ¬·Õ¡‚¡‡π’¬¡´—≈‡øµ „Àâº≈º≈‘µ
¢â“« Ÿß ÿ¥·≈–°“√ª≈àÕ¬ CH

4
  Ÿß‡π◊ËÕß®“°¡’ª√‘¡“≥πÈ”

„π¥‘ππ“ Ÿß   ”À√—∫π“À«à“ππÈ”µ¡µ”√—∫∑’Ë√Õßæ◊Èπ¥â«¬ªÿÜ¬
 Ÿµ√ 16-16-8 À√◊ÕªÿÜ¬¡Ÿ≈‰°àÕ—¥‡¡Á¥ ·≈–·µàßÀπâ“¥â«¬ªÿÜ¬
·Õ¡‚¡‡π’¬¡´—≈‡øµÀ√◊ÕªÿÜ¬¬Ÿ‡√’¬ „Àâº≈º≈‘µ¢â“« Ÿß„°≈â‡§’¬ß
°—∫π“¥”  ·µà “¡“√∂≈¥°“√ª≈àÕ¬ CH

4
 ‰¥â‡ªìπÕ¬à“ß¥’

‡æ√“–π“À«à“ππÈ”µ¡¡’ª√‘¡“≥πÈ”„π¥‘ππâÕ¬°«à“

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫°“√ π—∫ πÿπ®“°∫—≥±‘µ«‘∑¬“≈—¬
·≈–®“°∑ÿπÕÿ¥Àπÿπ∑—Ë«‰ª¢Õß¡À“«‘∑¬“≈—¬¢Õπ·°àπ „πªï
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