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The content of 3 sugars; glucose, fructose and sucrose in root and root exudate of rice cv. Supanburi
1 was studied in sand-ponic using Hoaglandûs nutrient solution. The objective of this study was to investigate the
relation of sugars determined by High Performance Liquid Chromatography in rice root and root exudate. The
result showed that glucose in rice root was highest at reproductive phase. However, fructose and sucrose contents
in rice root were abundant at ripening of developmental growth.  The average of total sugars was found at both
reproductive and ripening phases but the rice root contained a higher of total sugars at reproductive phase than
ripening phase. Although glucose was found at vegetative phase and fructose was appeared at reproductive
phase, rice root did not secrete any of sucrose as in root exudate. In this study, there was no relation of sugars
in rice root and root exudate.
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1. ∫∑π”

π“¢â“«‡ªìπ·À≈àß∑’Ë¡’»—°¬¿“æ„π°“√ª≈¥ª≈àÕ¬°ä“´¡’‡∑π (methane gas) ∑’Ë Ÿß¡“°·À≈àßÀπ÷Ëß ´÷Ëß°ä“´

¡’‡∑π‡ªìπ°ä“´‡√◊Õπ°√–®° (greenhouse gas) ∑’Ë àßº≈°√–∑∫µàÕª√“°Ø°“√≥å‚≈°√âÕπ¡“°°«à“°ä“´™π‘¥Õ◊Ëπ ‚¥¬°ä“´

™π‘¥π’È¡’·π«‚πâ¡‡æ‘Ë¡¢÷Èπ√âÕ¬≈– 1-1.9 µàÕªï [1] ªí®®ÿ∫—π¢âÕ¡Ÿ≈¢Õß°“√ª≈¥ª≈àÕ¬°ä“´¡’‡∑π (methane emission)

®“°π“¢â“«„πª√–‡∑»‰∑¬¡’ºŸâ»÷°…“πâÕ¬¡“° ·≈– à«π„À≠à¢Õß°“√»÷°…“¡ÿàß‡πâπ‡√◊ËÕßªí®®—¬∑’Ë¡’Õ‘∑∏‘æ≈∑”„Àâ‡°‘¥°“√

ª≈¥ª≈àÕ¬°ä“´¡’‡∑π ∂÷ß·¡â«à“®–¬—ß‰¡à “¡“√∂√–∫ÿ “‡Àµÿ∑’Ë∑”„Àâ‡°‘¥°“√ª≈¥ª≈àÕ¬°ä“´¡’‡∑π®“°π“¢â“« ·µàæ∫«à“

°√–∫«π°“√‡°‘¥°ä“´¡’‡∑π (methane production) ®“°π“¢â“« ‡°‘¥®“°°‘®°√√¡¢Õß·∫§∑’‡√’¬‡¡∑“‚π‡®π‘°

(methanogenic bacteria) [2] ‚¥¬®ÿ≈‘π∑√’¬å‡À≈à“π’È®–¬àÕ¬ ≈“¬ “√Õ‘π∑√’¬å„Àâ‡ªìπ°√¥Õ‘π∑√’¬å ·≈–°ä“´¡’‡∑π ·≈–

°ä“´∑’Ë‡°‘¥¢÷Èπ®–·∑√°µ—«ºà“π∑“ß™àÕß aerenchyma ®“°√“°‰ªµ“¡≈”µâπ·≈–„∫¢Õß¢â“«ÕÕ° Ÿà∫√√¬“°“» ¥—ßπ—Èπ·À≈àß

∑’Ë¡’°“√º≈‘µ°ä“´¡’‡∑π„ππ“¢â“«Õ“®®–Õ¬Ÿà∫√‘‡«≥√“° (rhizosphere) ́ ÷Ëß‡ªìπ∫√‘‡«≥∑’Ë≈âÕ¡√Õ∫¥â«¬‡™◊ÈÕ®ÿ≈‘π∑√’¬å™π‘¥µà“ßÊ

√«¡∑—Èß·∫§∑’‡√’¬‡¡∑“‚π‡®π‘°  ª√–°Õ∫°—∫¡’ “√Õ“À“√∑’Ë∂Ÿ°ª≈¥ª≈àÕ¬¡“®“°√“°¢â“«„π√Ÿª¢Õß “√À≈—Ëß√“° (root exu-

date) ®÷ß‡ªìπ·À≈àß¢Õß organic carbon ∑’Ë®– àß‡ √‘¡„Àâ‡°‘¥°√–∫«π°“√º≈‘µ°ä“´¡’‡∑π¡“°¢÷Èπ  “√À≈—Ëß√“°‡ªìπ

 “√ª√–°Õ∫®”æ«° πÈ”µ“≈ °√¥Õ‘π∑√’¬å ·≈–°√¥Õ–¡‘‚π ∑’Ëæ◊™®–ª≈¥ª≈àÕ¬ Ÿà¥‘π  ”À√—∫°“√‡®√‘≠‡µ‘∫‚µ ·≈–

°√–∫«π°“√ adsorption ¢Õß√–∫∫√“° [3] [4] °√–∫«π°“√¬àÕ¬ ≈“¬¢Õß “√Õ‘π∑√’¬å„π “√À≈—Ëß√“°„π ¿“æ‰¡à¡’

°ä“´ÕÕ° ‘́‡®π À√◊Õ ¿“æ anaerobic ®–‰¥â°ä“´¡’‡∑π·≈–°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å [4] [5] „π°“√∑¥≈Õß§√—Èßπ’È‰¥â

»÷°…“ª√‘¡“≥πÈ”µ“≈ 3 ™π‘¥ §◊Õ πÈ”µ“≈°≈Ÿ‚§  ø√ÿµ‚µ  ·≈–´Ÿ‚§√  „π√“°·≈–„π “√À≈—Ëß√“°¢Õß¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’

1 ( æ 1) ∑’Ëª≈Ÿ°„π∑√“¬‚¥¬‰¡à„™â¥‘π (sand-ponic) ‡æ◊ËÕ»÷°…“§«“¡ —¡æ—π∏å¢ÕßπÈ”µ“≈„π√“°¢â“« ·≈– “√À≈—Ëß√“°

´÷Ëß¬—ß‰¡àª√“°Ø«à“¡’ºŸâ»÷°…“§«“¡ —¡æ—π∏å¥—ß°≈à“« ·≈–‡æ◊ËÕ®–‰¥âπ”º≈°“√»÷°…“π’È‰ª‡ªìπ·π«∑“ß„π°“√»÷°…“ “√

À≈—Ëß√“°µàÕ°“√º≈‘µ°ä“´¡’‡∑π„ππ“¢â“«µàÕ‰ª

2. Õÿª°√≥å·≈–«‘∏’°“√¥”‡π‘πß“π«‘®—¬

2.1 °“√ª≈Ÿ°¢â“«‚¥¬‰¡à„™â¥‘π (sand-ponic)
¥”‡π‘π°“√µ—Èß·µà«—π∑’Ë 25 ¡°√“§¡ 2544 „π‚√ß‡√◊ÕπÀ≈—ß§“æ≈“ µ‘° ∫√‘‡«≥µ÷°§≥–æ≈—ßß“π·≈–«— ¥ÿ

¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ‚¥¬π”‡¡≈Á¥¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1 ®”π«π 100 °√—¡ ¡“·™àπÈ”‡ªìπ‡«≈“

2 §◊π ·≈â«π”≈ß‡æ“–„π°√–∂“ß¢π“¥ª√‘¡“µ√ 12 ≈‘µ√ ∑’Ë∫√√®ÿ∑√“¬∑’Ëºà“π°“√·™à¥â«¬°√¥ HCL 1 N π“π 24

™—Ë«‚¡ß ·≈–≈â“ß¥â«¬πÈ”À≈“¬Ê §√—Èß ª√‘¡“µ√ 3/4 ¢Õß°√–∂“ß √¥πÈ”®π™ÿà¡ À≈—ß®“°∑’Ë°≈â“¢â“«ßÕ°√“° (ª√–¡“≥ 7

«—π) ‡µ‘¡ “√≈–≈“¬ Ÿµ√¡“µ√∞“π¢Õß Hoagland [6] ´÷Ëß‡ªìπ “√≈–≈“¬∏“µÿÕ“À“√ ”À√—∫°“√‡®√‘≠‡µ‘∫‚µ¢Õß¢â“«

·≈–®– ÿà¡∂Õπ·¬°‡À≈◊Õ°≈â“¢â“« 3 °≈ÿà¡Ê ≈– 3 µâπ „π·µà≈–°√–∂“ß ·≈–‡¡◊ËÕ¢â“«Õ“¬ÿ 14 «—π ®÷ß‡µ‘¡ “√≈–≈“¬

Hoagland „Àâ∑à«¡º‘«∑√“¬ ‚¥¬§«∫§ÿ¡√–¥—∫¢Õß “√≈–≈“¬„Àâ Ÿß‡Àπ◊Õº‘«∑√“¬ 5 ‡´πµ‘‡¡µ√ µ≈Õ¥°“√∑¥≈Õß

2.2 °“√ °—¥πÈ”µ“≈®“°√“°¢â“«

∂Õπµâπ¢â“«∑ÿ°µâπ„π°√–∂“ß ‚¥¬‡√‘Ë¡µ—Èß·µà«—π∑’Ë 28 À≈—ß¢â“«ßÕ° ®π∂÷ß 98 «—πÀ≈—ß¢â“«ßÕ° ´÷Ëß‡ªìπ

√–¬–‡¡≈Á¥·°àæ√âÕ¡‡°Á∫‡°’Ë¬« ‡°Á∫µ—«Õ¬à“ß¢â“«∑ÿ°Ê 7 «—π ·≈â«π”¡“«‘‡§√“–Àå ≥ ÀâÕßªØ‘∫—µ‘°“√ “¬«‘™“‡∑§‚π‚≈¬’

 ‘Ëß·«¥≈âÕ¡ §≥–æ≈—ßß“π·≈–«— ¥ÿ ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ‚¥¬∑”§«“¡ –Õ“¥·≈–µ—¥·¬°
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 à«π√“°°—∫ à«π¬Õ¥ (µ—Èß·µà‚§π°Õ¢â“«‡Àπ◊Õº‘«∑√“¬∂÷ß¬Õ¥¢â“«) ∫—π∑÷°§«“¡¬“«¢Õß√“°¢â“« ·≈–π”√“°¢â“«

·µà≈–Õ“¬ÿÀ≈—ßßÕ°¡“»÷°…“ª√‘¡“≥πÈ”µ“≈„π√“°¢â“« ¥—ßπ’È

2.2.1 √–¬–°“√‡®√‘≠‡µ‘∫‚µ∑“ß≈”µâπ (vegetative phase) (28 - 56 «—πÀ≈—ßßÕ°) π”√“° 10

°√—¡∑’Ëºà“π°“√∑”§«“¡ –Õ“¥·≈–∫¥„Àâ≈–‡Õ’¬¥¡“ °—¥¥â«¬ “√≈–≈“¬ methanol: chloroform: πÈ” Õ—µ√“ à«π 12:5:3

‚¥¬„™â “√ °—¥ 2 ‡∑à“¢ÕßπÈ”Àπ—°√“° „π∑’Ëπ’È„™â “√ °—¥ 20 ¡≈. ·≈–‡«≈“„π°“√ °—¥ 12 ™—Ë«‚¡ß ‡ √Á®·≈â«π”

 “√≈–≈“¬¡“°√Õß¥â«¬°√–¥“… Whatman ‡∫Õ√å 42 °àÕππ”‰ª«‘‡§√“–Àåª√‘¡“≥πÈ”µ“≈ 3 ™π‘¥„π√“° §◊Õ πÈ”µ“≈

°≈Ÿ‚§  (glucose: G), ø√ÿ§‚µ  (fructose: F), ·≈–´Ÿ‚§√  (sucrose: S) [7]

2.2.2 √–¬– ◊∫æ—π∏ÿå (reproductive phase) (57 - 77 «—πÀ≈—ßßÕ°) π”√“°∑’Ëºà“π°“√∑”§«“¡

 –Õ“¥¡“µ—¥‡ªìπ 3  à«π §◊Õ  à«π‚§π, °≈“ß ·≈–ª≈“¬√“° ‚¥¬·∫àßµ“¡√–¥—∫§«“¡≈÷°®“°º‘«∑√“¬¥—ßπ’È 0-5, 6-15

·≈– 16-30 ‡´πµ‘‡¡µ√ µ“¡≈”¥—∫ (√Ÿª∑’Ë 1) π”√“° 10 °√—¡¢Õß·µà≈– à«π¡“∫¥≈–‡Õ’¬¥ ·≈â«‡µ‘¡ “√ °—¥ (methanol:

chloroform: πÈ” Õ—µ√“ à«π 12:5:3) ®”π«π 20 ¡≈. „™â‡«≈“ °—¥π“π 12 ™—Ë«‚¡ß ‡™àπ‡¥’¬«°—∫¢âÕ 2.2.1 π”

 “√≈–≈“¬∑’Ëºà“π°√–¥“…°√Õß Whatman ‡∫Õ√å 42 ‡æ◊ËÕ«‘‡§√“–ÀåπÈ”µ“≈ 3 ™π‘¥µàÕ‰ª

2.2.3 √–¬– ÿ°·°à¢Õß‡¡≈Á¥ (ripening phase) (78 - 98 «—πÀ≈—ßßÕ°) ‡™àπ‡¥’¬«°—∫√–¬– ◊∫æ—π∏ÿå

√Ÿª∑’Ë 1 °“√·∫àß —¥ à«π¢Õß√“°µ“¡√–¥—∫§«“¡≈÷°®“°º‘«∑√“¬

0.5 cm

6-15 cm

16-30 cm
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2.3 °“√ °—¥ “√À≈—Ëß√“°¢â“«

π” “√≈–≈“¬∑’Ë„™âª≈Ÿ°¢â“«„π°√–∂“ß·µà≈–™à«ßÕ“¬ÿÀ≈—ß®“°·¬° à«π¢Õß≈”µâπ·≈–√“°¢â“«ÕÕ°·≈â«

√«¡°—∫πÈ”≈â“ß∑√“¬∑’ËÕ¬Ÿà„π°√–∂“ßπ—ÈπÊ ·≈–ºà“π°√–¥“…°√Õß Whatman ‡∫Õ√å 42 ¡“√–‡À¬„™âÕÿ≥À¿Ÿ¡‘ 60 Ì´

®π‰¥â “√ °—¥ “√À≈—Ëß√“°‡¢â¡¢âπ ®”π«π 10 ¡≈.

2.4 °“√«‘‡§√“–ÀåπÈ”µ“≈„π√“°¢â“«·≈–„π “√À≈—Ëß√“°¢â“«

2.4.1 ‡µ√’¬¡πÈ”µ“≈¡“µ√∞“π§«“¡‡¢â¡¢âπ 0.25 ‡ªÕ√å‡ Á́πµå ‚¥¬π”πÈ”µ“≈¡“µ√∞“π°≈Ÿ‚§  ø√ÿ§‚µ 

·≈–´Ÿ‚§√  ™π‘¥≈– 25 ¡‘≈≈‘°√—¡≈–≈“¬„ππÈ” deionized ®”π«π 1 ≈‘µ√ °√Õß¥â«¬°√–¥“…°√Õß Whatman ¢π“¥

‡ âπºà“π»Ÿπ¬å°≈“ß 0.45 ‰¡§√Õπ

2.4.2  π” “√∑’Ë °—¥‰¥â®“°√“°¢â“«  µ“¡¢âÕ  2.2  ¡“∑”„Àâ‡ªìπ “√ °—¥®“°√“°‡¢â¡¢âπ ‚¥¬„™âÕÿ≥À¿Ÿ¡‘

60 Ì´ ‡æ◊ËÕ√–‡À¬‡¡∏“πÕ≈·≈–§≈Õ‚√øÕ√å¡ÕÕ°‰ª À≈—ß®“°π—Èππ”¡“ªíòπ·¬° (centrifuge) ∑’Ë§«“¡‡√Á«√Õ∫ 10,000

√Õ∫µàÕπ“∑’ π“π 2 π“∑’ ‡æ◊ËÕ·¬°‡Õ“µ–°ÕπÕÕ° π” “√ °—¥ à«π„ ¡“°√Õß¥â«¬°√–¥“…°√Õß Whatman ¢π“¥‡ âπ

ºà“π»Ÿπ¬å°≈“ß 0.45 ‰¡§√Õπ ·≈–π”µ—«Õ¬à“ß‰ª«‘‡§√“–ÀåπÈ”µ“≈„π√“°   ”À√—∫°“√«‘‡§√“–ÀåπÈ”µ“≈„π “√À≈—Ëß√“°

„™â “√≈–≈“¬®“°¢âÕ 2.3

2.4.3 °“√«‘‡§√“–Àåª√‘¡“≥πÈ”µ“≈ π” “√ °—¥®“°√“°¢â“«·≈–®“° “√À≈—Ëß√“° √«¡∑—Èß “√≈–≈“¬

¡“µ√∞“π¢ÕßπÈ”µ“≈°≈Ÿ‚§  ø√ÿµ‚µ  ·≈–´Ÿ‚§√  ®”π«πµ—«Õ¬à“ß≈– 20 ‰¡‚§√≈‘µ√ «‘‡§√“–Àå‚¥¬„™â‡§√◊ËÕß High

Performance Liquid Chromatography (HPLC) ´÷Ëß¡’ ¿“«–¢Õß‡§√◊ËÕß¥—ßπ’È  §Õ≈—¡πå : Econosphere NH2, Mobile

Phase: Acetonitrile: H2O (75:25), Flow rate 3.0 mL/min, Volume inject 20 µL ·≈– Detector : RI
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·≈–§”π«≥ª√‘¡“≥πÈ”µ“≈„π√“°¢â“« ®“° Ÿµ√

§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈ (¡°./≈.) = æ◊Èπ∑’Ë„µâ°√“ø¢Õß “√µ—«Õ¬à“ß x §«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈¡“µ√∞“π

                                      æ◊Èπ∑’Ë„µâ°√“ø¢ÕßπÈ”µ“≈¡“µ√∞“π

§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈ (‰¡‚§√‚¡≈/°√—¡¢Õß√“°) =  §«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈(¡°./≈.) x ª√‘¡“µ√ “√ °—¥‡¢â¡¢âπ(¡≈.) x 103

                          ¡«≈‚¡‡≈°ÿ≈¢ÕßπÈ”µ“≈ (°√—¡/‚¡≈) x πÈ”Àπ—° ¥¢Õß√“°µ—«Õ¬à“ß (°√—¡)

·≈–§”π«≥ª√‘¡“≥πÈ”µ“≈„π “√À≈—Ëß√“° ®“° Ÿµ√

§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈ (¡°./≈.) = æ◊Èπ∑’Ë„µâ°√“ø¢Õß “√µ—«Õ¬à“ß x §«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈¡“µ√∞“π

                              æ◊Èπ∑’Ë„µâ°√“ø¢ÕßπÈ”µ“≈¡“µ√∞“π

§«“¡‡¢â¡¢âπ¢ÕßπÈ”µ“≈ (‰¡‚§√‚¡≈/°√—¡¢Õß√“°) = §«“¡‡¢â¡¢âπµ—«Õ¬à“ß (¡°./≈.) x ª√‘¡“µ√ “√ °—¥‡¢â¡¢âπ (¡≈.) x 103

  ¡«≈‚¡‡≈°ÿ≈¢ÕßπÈ”µ“≈ (°√—¡/‚¡≈) x πÈ”Àπ—° ¥¢Õß√“°∑—ÈßÀ¡¥ (°√—¡)

À¡“¬‡Àµÿ ¡«≈‚¡‡≈°ÿ≈πÈ”µ“≈°≈Ÿ‚§  =   180 °√—¡/‚¡≈

¡«≈‚¡‡≈°ÿ≈πÈ”µ“≈ø√ÿ§‚µ  =   180 °√—¡/‚¡≈

¡«≈‚¡‡≈°ÿ≈πÈ”µ“≈´Ÿ‚§√  =   360 °√—¡/‚¡≈

3. º≈°“√∑¥≈Õß·≈–«‘®“√≥å

®“°°“√»÷°…“æ∫«à“ §«“¡¬“«¢Õß√“°¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1 ‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¢â“«¡’Õ“¬ÿ¡“°¢÷Èπµ≈Õ¥∑—Èß 3 √–¬–

´÷Ëß„π√–¬– vegetative ‡ªìπ√–¬–∑’Ë√“°¡’°“√‡®√‘≠¡“° ∑—Èßπ’È‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√À“Õ“À“√  ”À√—∫√–¬–

reproductive √“°¬—ß§ß¡’§«“¡¬“«‡©≈’Ë¬‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß®“°√–¬–π’È‡ªìπ√–¬–∑’Ëæ◊™®”‡ªìπ®–µâÕß √â“ß·≈– – ¡Õ“À“√

‡æ◊ËÕ°“√ÕÕ°¥Õ° ¥—ßπ—Èπ®÷ßµâÕß‰¥â√—∫Õ“À“√®“°∑“ß√“°„πª√‘¡“≥¡“°  à«π„π√–¬– ÿ¥∑â“¬§◊Õ√–¬– ripening ª√“°Ø

«à“√“°¡’§«“¡¬“«‡©≈’Ë¬‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬À√◊Õ§ß∑’Ë πÕ°®“°π’È¬—ß‡ÀÁπ«à“√“°¡’°“√‡®√‘≠·∫∫ sigmoid curve (√Ÿª∑’Ë 2)

∂÷ß·¡â«à“√“°¢Õß¢â“«®–∂Ÿ°®”°—¥¥â«¬¢π“¥¢Õß°√–∂“ß



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 26 ©∫—∫∑’Ë 3 °√°Æ“§¡-°—π¬“¬π 2546 345

°“√»÷°…“§√—Èßπ’È  ª√“°Ø«à“πÈ”µ“≈°≈Ÿ‚§ ‡ªìππÈ”µ“≈∑’Ë¡’°“√ √â“ß·≈– – ¡„π√“°µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß

 Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Chidthaisong ·≈– Conrad [6] ·≈– Chidthaisong ·≈–§≥– [8] ‡π◊ËÕß®“°πÈ”µ“≈

°≈Ÿ‚§ ‡ªìππÈ”µ“≈∑’Ë‡ ∂’¬√¿“æ®÷ßæ∫„π√Ÿª¢ÕßπÈ”µ“≈™π‘¥π’Èµ≈Õ¥√–¬–°“√‡®√‘≠‡µ‘∫‚µ¢Õß¢â“« ·µàª√‘¡“≥¢Õß

πÈ”µ“≈°≈Ÿ‚§ ∑’Ëæ∫®–·µ°µà“ß°—πµ“¡√–¬–°“√‡®√‘≠‡µ‘∫‚µ ‚¥¬æ∫πÈ”µ“≈°≈Ÿ‚§ √–¬– reproductive ¡“°°«à“√–¬–

vegetative ·≈– ripening (√Ÿª∑’Ë 3)  à«ππÈ”µ“≈°≈Ÿ‚§ „π “√À≈—Ëß√“°æ∫‡©æ“–„π√–¬– vegetative «—π∑’Ë 49 À≈—ß

¢â“«ßÕ°‡∑à“π—Èπ ´÷Ëß„π«—π¥—ß°≈à“«®–æ∫πÈ”µ“≈°≈Ÿ‚§ „πª√‘¡“≥„°≈â‡§’¬ß°—∫ª√‘¡“≥∑’Ëæ∫„π√“° Õ¬à“ß‰√°Áµ“¡ ®“°

°“√∑’Ë‰¡àæ∫πÈ”µ“≈°≈Ÿ‚§ „π√–¬–Õ◊ËπÊ ∑”„Àâ‰¡à “¡“√∂ √ÿª‰¥â«à“πÈ”µ“≈°≈Ÿ‚§ „π√“°¢â“«¡’§«“¡ —¡æ—π∏å°—∫

πÈ”µ“≈„π “√À≈—Ëß√“° ´÷ËßÕ“®‡ªìπ‰ª‰¥â«à“πÈ”µ“≈°≈Ÿ‚§ „π√“°¢â“«Õ“® —¡æ—π∏å°—∫§«“¡¬“«¢Õß√“° [11][12] ·µà

πÈ”µ“≈°≈Ÿ‚§ „π “√À≈—Ëß√“°Õ“®¡’§«“¡‡°’Ë¬«¢âÕß°—∫°‘®°√√¡¢Õß®ÿ≈‘π∑√’¬å∫√‘‡«≥√“°¢â“« [8] ∑’Ë “¡“√∂„™âπÈ”µ“≈

°≈Ÿ‚§ ‰ªÕ¬à“ß√«¥‡√Á« ·≈–„π«—π∑’Ë 49 À≈—ß¢â“«ßÕ°Õ“®‡ªìπ™à«ß∑’Ë«— ¥ÿª≈Ÿ°Õ¬Ÿà„π ¿“æ√’¥Õ°´å¡“°∑’Ë ÿ¥ (‰¡à‰¥â

· ¥ßº≈¢âÕ¡Ÿ≈) ∑”„Àâ®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂‡ª≈’Ë¬ππÈ”µ“≈°≈Ÿ‚§ ¡’°‘®°√√¡≈¥≈ß [6][8][13][14]

ª√‘¡“≥πÈ”µ“≈ø√ÿ§‚µ „π√“°¢â“«æ∫‡©æ“–„π√–¬– reproductive ·≈– ripening ·µà‰¡àæ∫„π√–¬– veg-

etative (√Ÿª∑’Ë 4) ∑’Ë‡ªìπ‡™àππ’ÈÕ“®‡π◊ËÕß¡“®“°πÈ”µ“≈™π‘¥π’È¡’§«“¡‡ ∂’¬√πâÕ¬ Õ“®‡ª≈’Ë¬π‰ªÕ¬Ÿà„π√Ÿª∑’Ë¡’§«“¡‡ ∂’¬√

¡“°°«à“ ‡™àπ Õ¬Ÿà„π√Ÿª¢ÕßπÈ”µ“≈°≈Ÿ‚§ ·≈–´Ÿ‚§√  [5][6][8][15] °“√∑’Ëæ∫πÈ”µ“≈ø√ÿµ‚µ „π√“°¢â“«√–¬– ripen-

ing ¡“° (√Ÿª∑’Ë 4) Õ“®‡π◊ËÕß¡“®“°√–¬–π’È‡ªìπ√–¬– ÿ°·°à¢Õß‡¡≈Á¥ ¢â“«Õ“®‰¡àµâÕß°“√Õ“À“√¡“° ª√–°Õ∫°—∫√“°‰¡à¡’

°“√‡®√‘≠‡µ‘∫‚µ (√Ÿª∑’Ë 2) ·≈–°“√ – ¡πÈ”µ“≈·≈–°“√„™âπÈ”µ“≈¢Õßæ◊™Õ“®‡√‘Ë¡‡ª≈’Ë¬π‰ªµ“¡°√–∫«π°“√¢Õß°“√

 √â“ß “√™π‘¥Õ◊ËπÀ√◊Õ°“√ √â“ß·ªÑß ́ ÷ËßπÈ”µ“≈ø√ÿµ‚µ  ‡ªìπ√Ÿª¢ÕßπÈ”µ“≈∑’Ëæ∫¡“°„π°√–∫«π°“√ – ¡§“√å‚∫‰Œ‡¥√µ

„π√Ÿª¢Õß·ªÑß À√◊Õ°“√ √â“ß “√™π‘¥Õ◊Ëπ ‚¥¬Õ¬Ÿà„π√Ÿª¢Õß fructose 1, 6 bisphosphate [16] ¥—ßπ—Èπ®÷ßæ∫πÈ”µ“≈

√Ÿª∑’Ë 2  §«“¡¬“«¢Õß√“°¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1
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ø√ÿµ‚µ  – ¡„π√“°¡“°°«à“πÈ”µ“≈°≈Ÿ‚§ „π√–¬– ripening  ”À√—∫„π “√À≈—Ëß√“°ª√“°Ø«à“¡’πÈ”µ“≈ø√ÿ§‚µ 

‡©æ“–«—π∑’Ë 63 À≈—ß¢â“«ßÕ° À√◊ÕÕ¬Ÿà„π√–¬– reproductive (√Ÿª∑’Ë 4) º≈°“√»÷°…“π’È· ¥ß„Àâ‡ÀÁπ«à“ª√‘¡“≥ø√ÿ§‚µ 

„π√“°·≈– “√À≈—Ëß√“°‰¡à¡’§«“¡ —¡æ—π∏å°—π ‡™àπ‡¥’¬«°—∫πÈ”µ“≈°≈Ÿ‚§ ·≈–πÈ”µ“≈ø√ÿµ‚µ ∑’Ëæ∫∑—Èß„π√“°·≈– “√

À≈—Ëß√“°¢â“«°Á‰¡à Õ¥§≈âÕß°—∫ª√‘¡“≥πÈ”µ“≈°≈Ÿ‚§  ‚¥¬®–æ∫πÈ”µ“≈ø√ÿµ‚µ „π√“°¢â“«√–¬–‡¥’¬«°—∫∑’Ë‰¡àæ∫

πÈ”µ“≈°≈Ÿ‚§ „π√“° ·≈–æ∫πÈ”µ“≈ø√ÿµ‚µ „π “√À≈—Ëß√“°À≈—ß®“°æ∫πÈ”µ“≈°≈Ÿ‚§ „π “√À≈—Ëß√“°·≈â« 14 «—π

º≈°“√»÷°…“§√—Èßπ’È æ∫«à“„π√“°¢â“«¡’πÈ”µ“≈´Ÿ‚§√ „πª√‘¡“≥πâÕ¬°«à“πÈ”µ“≈Õ’° 2 ™π‘¥ ‚¥¬æ∫πÈ”µ“≈

´Ÿ‚§√ „π√“°¢â“«√–¬– ripening ¡“°°«à“ reproductive (√Ÿª∑’Ë 5) ∑’Ë‡ªìπ‡™àππ’ÈÕ“®‡π◊ËÕß¡“®“°πÈ”µ“≈™π‘¥π’È‡ªìπ

πÈ”µ“≈™π‘¥‡¥’¬«∑’Ë “¡“√∂‡§≈◊ËÕπ¬â“¬®“°·À≈àß √â“ß ®“°¬Õ¥‰ª¬—ß à«πµà“ßÊ ¢Õßæ◊™ ‡™àπ √“° ª√–°Õ∫°—∫„π√–¬–

ripening æ◊™¡’°“√‡®√‘≠‡µ‘∫‚µ∑“ß≈”µâπ·≈–√“°πâÕ¬ ¥—ßπ—Èπ§«“¡µâÕß°“√Õ“À“√®÷ß≈¥≈ß‰ª¥â«¬ ®÷ß‰¡à¡’§«“¡®”‡ªìπ

∑’Ë‡ª≈’Ë¬ππÈ”µ“≈´Ÿ‚§√ ·≈–ª≈¥ª≈àÕ¬„π√Ÿª “√À≈—Ëß√“° ®÷ßæ∫πÈ”µ“≈´Ÿ‚§√ „π√“°¢â“«„π√–¬–π’È [5][15]  ”À√—∫

„π “√À≈—Ëß√“°π—Èπ‰¡àæ∫πÈ”µ“≈´Ÿ‚§√ µ≈Õ¥√–¬–‡«≈“°“√∑¥≈Õß‡≈¬ (√Ÿª∑’Ë 5) Õ“®‡π◊ËÕß¡“®“°πÈ”µ“≈´Ÿ‚§√ ‡ªìπ

πÈ”µ“≈‚¡‡≈°ÿ≈§Ÿà∑’Ë¡’¢π“¥‚¡‡≈°ÿ≈„À≠à°«à“πÈ”µ“≈°≈Ÿ‚§ ·≈–ø√ÿ§‚µ  ∑”„Àâ¡’‚Õ°“ „π°“√·æ√àºà“π¢Õß√“°‰¥âπâÕ¬

°«à“πÈ”µ“≈Õ’° Õß™π‘¥ À√◊ÕÕ“®‡π◊ËÕß¡“®“°∂Ÿ°‡ª≈’Ë¬π‡ªìππÈ”µ“≈‚¡‡≈°ÿ≈‡¥’Ë¬«  ¥—ßπ—Èπ®÷ß‰¡àÕ¬Ÿà„π√Ÿª¢ÕßπÈ”µ“≈´Ÿ‚§√ 

‡≈¬„π “√∑’Ë√“°À≈—ËßÕÕ°¡“ [5][12][15]

√Ÿª∑’Ë 3  ª√‘¡“≥πÈ”µ“≈°≈Ÿ‚§ „π√“°¢â“«·≈– “√À≈—Ëß√“°¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1
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√Ÿª∑’Ë 4  ª√‘¡“≥πÈ”µ“≈ø√ÿ°‚µ „π√“°¢â“«·≈– “√À≈—Ëß√“°¢Õß¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1

√Ÿª∑’Ë 5  ª√‘¡“≥πÈ”µ“≈´Ÿ‚§√ „π√“°¢â“«·≈– “√À≈—Ëß√“°¢Õß¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1
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®“°√Ÿª∑’Ë 6 ®–‡ÀÁπ‰¥â«à“°“√ – ¡πÈ”µ“≈√«¡‡©≈’Ë¬„π√–¬– reproductive ·≈– ripening ∑’Ë√–¥—∫§«“¡

≈÷°¢Õß∑√“¬®“°º‘«∑√“¬ 0-5 ´¡. ¡’ª√‘¡“≥°“√ – ¡¡“°°«à“√–¥—∫§«“¡≈÷° 6-15 ·≈– 16-30 ´¡. µ“¡≈”¥—∫ · ¥ß

„Àâ‡ÀÁπ«à“√“°∑’Ë‡°‘¥„À¡à·≈–¬—ß¡’°“√‡®√‘≠‡µ‘∫‚µ®–Õ¬Ÿà∫√‘‡«≥™—Èπµ◊ÈπÊ  ”À√—∫√“°∑’ËÕ¬Ÿà≈÷°≈ß‰ªÕ“®‡ªìπ√“°∑’Ë∑”Àπâ“∑’Ë

§È”®ÿπ¡“°°«à“∑”Àπâ“∑’Ë¥Ÿ¥Õ“À“√‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ ·≈–°“√∑’Ëæ∫«à“√“°¡’°“√ – ¡πÈ”µ“≈√«¡‡©≈’Ë¬„π√–¬– repro-

ductive ¡“°°«à“√–¬– ripening Õ“®‡π◊ËÕß¡“®“°√–¬–π’Èæ◊™µâÕß°“√Õ“À“√®“°¥‘π‡æ◊ËÕ°“√‡®√‘≠‡µ‘∫‚µ ‚¥¬

‡©æ“–°“√ ◊∫æ—π∏ÿå‡ªìπ√–¬–∑’Ëæ◊™¡’°“√ √â“ß·≈– – ¡Õ“À“√¡“°∑’Ë ÿ¥ ®÷ß¡’°“√‡§≈◊ËÕπ¬â“¬Õ“À“√‰ª∑’Ëª≈“¬√“°‡®√‘≠

‡æ◊ËÕ„™â„π°√–∫«π°“√·≈°¥Ÿ¥´—∫·≈–·≈°‡ª≈’Ë¬π∏“µÿÕ“À“√√–À«à“ß√“°‡®√‘≠·≈–«— ¥ÿª≈Ÿ° [3]-[6][11][12]

√Ÿª∑’Ë 6  ª√‘¡“≥πÈ”µ“≈√«¡‡©≈’Ë¬¢Õß√“°¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1 µ“¡≈”¥—∫§«“¡≈÷°¢Õß√“°®“°º‘«∑√“¬

4.  √ÿªº≈°“√∑¥≈Õß·≈–¢âÕ‡ πÕ·π–

®“°°“√»÷°…“ª√‘¡“≥πÈ”µ“≈ 3 ™π‘¥ §◊Õ πÈ”µ“≈°≈Ÿ‚§  ø√ÿµ‚µ  ·≈–´Ÿ‚§√  „π√“°·≈–„π “√À≈—Ëß

√“°¢Õß¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1 ∑’Ë„π∑√“¬‚¥¬‰¡à„™â¥‘π (sand-ponic) ‡æ◊ËÕ»÷°…“§«“¡ —¡æ—π∏å¢ÕßπÈ”µ“≈„π√“°¢â“«·≈–

 “√À≈—Ëß√“° ®–‡ÀÁπ‰¥â«à“æ∫ª√‘¡“≥πÈ”µ“≈°≈Ÿ‚§ „π√“°¢â“«µ≈Õ¥°“√∑¥≈Õß ·µàæ∫¡“°∑’Ë ÿ¥„π√–¬– reproductive

√Õß≈ß¡“‡ªìπ√–¬– vegetative ·≈– ripening µ“¡≈”¥—∫  à«ππÈ”µ“≈ø√ÿ§‚µ  ·≈–´Ÿ‚§√  æ∫¡“°„π√–¬– repro-

ductive ·≈– ripening  ”À√—∫πÈ”µ“≈√«¡‡©≈’Ë¬„π√“°æ∫„π√–¬– reproductive ¡“°°«à“√–¬– ripenning  ”À√—∫

ª√‘¡“≥πÈ”µ“≈„π “√À≈—Ëß√“° æ∫πÈ”µ“≈°≈Ÿ‚§ „π√–¬– vegetative ·≈–æ∫πÈ”µ“≈ø√ÿµ‚µ „π√–¬– reproductive

·µà‰¡àæ∫ πÈ”µ“≈´Ÿ‚§√ „π “√À≈—Ëß√“°‡≈¬ √«¡∑—Èß‰¡àæ∫«à“ª√‘¡“≥πÈ”µ“≈„π√“°¡’§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥πÈ”µ“≈

„π “√À≈—Ëß√“° ÷́Ëß¬—ß‰¡à “¡“√∂ √ÿª‰¥â«à“πÈ”µ“≈„π√“°¢â“«·≈– “√À≈—Ëß√“°¢â“«æ—π∏ÿå ÿæ√√≥∫ÿ√’ 1 ®–¡’§«“¡

 —¡æ—π∏åµàÕ°“√ª≈¥ª≈àÕ¬ °ä“´¡’‡∑π ·µàÕ¬à“ß‰√°Áµ“¡ ¡’√“¬ß“π«à“¢â“«æ—π∏ÿåπ’È¡’°“√ª≈¥ª≈àÕ¬°ä“´¡’‡∑π¡“°„π√–¬–

vegetative ´÷Ëßª√‘¡“≥ °“√ª≈¥ª≈àÕ¬°ä“´¡’‡∑ππ’È¬—ß —¡æ—π∏å°—∫§«“¡¬“«¢Õß√“°¢â“«Õ’°¥â«¬ [17]

¥—ßπ—Èπ°“√»÷°…“§«“¡ —¡æ—π∏å¢Õß “√À≈—Ëß√“°¢â“«Õ“®®–µâÕß»÷°…“§«“¡ —¡æ—π∏å‚¥¬µ√ß√–À«à“ßª√‘¡“≥

¢ÕßπÈ”µ“≈·µà≈–™π‘¥µàÕ°“√º≈‘µ°ä“´¡’‡∑π ·≈–Õ“®®–µâÕß»÷°…“ “√À≈—Ëß√“°„π√Ÿª “√™π‘¥Õ◊ËπÊ √«¡∑—Èß»÷°…“„π

¢â“«æ—π∏ÿåÕ◊ËπÊ Õ’°¥â«¬
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