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Abstract
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In Vitro callus formation from stem explants of Curcuma sp. No. 50
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The effects of some plant growth regulators and age of stem explants on callus induction of Curcuma
sp. No. 50 in vitro were determined. Stem explants 1.0 cm in size measured from the base of Curcuma sp.

plantlets could be induced to form calli when cultured on MS (Murashige and skoog, 1962) agar medium

having 2,4-D. When combinations of 2,4-D (0-0.5 mg/l) and BAP (0-0.25 mg/l) were tested, it showed that

2,4-D singly added was superior to 2,4-D combined with BAP in promoting callus induction.  The most

effective 2,4-D level was 0.125 mg/l, providing the highest callus formation. The inclusion of 2,4-D and BAP

or only BAP in the medium improved growth and development of shoot rather than callus growth. Explants

from plantlets cultured for 2 months were more suitable for callus induction than those from 1- and 3- month

old plantlets. From histological study, it was found that calli may have originated from parenchyma of initial

culture stem explants.
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«.  ß¢≈“π§√‘π∑√å «∑∑. 2548 27(3) : 487-498

„π°“√»÷°…“º≈¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∫“ß™π‘¥ ·≈–Õ“¬ÿ¢Õß™‘Èπ à«π≈”µâπ∑’Ëπ”¡“‡≈’È¬ßµàÕ°“√‡°‘¥

·§≈≈— ¢Õß°√–‡®’¬« (Curcuma sp.) ‡∫Õ√å 50 „π ¿“æª≈Õ¥‡™◊ÈÕ æ∫«à“™‘Èπ à«π√Õ¬µàÕ√–À«à“ß√“°°—∫≈”µâπ¢π“¥

1.0 ´¡ ¢ÕßµâπÕàÕπ°√–‡®’¬«∂Ÿ°™—°π”„Àâ‡°‘¥·§≈≈— ‰¥â‡¡◊ËÕ‡≈’È¬ß∫πÕ“À“√«ÿâπ Ÿµ√ MS (Murashige and skoog, 1962)

∑’Ë¡’ 2,4-D √à«¡Õ¬Ÿà¥â«¬ ‡¡◊ËÕ∑¥≈Õß„™â 2,4-D (0-0.5 ¡°/≈) √à«¡°—∫ BAP (0-0.25 ¡°/≈) „π§«“¡‡¢â¡¢âπ∑’Ë·µ°µà“ß°—π

æ∫«à“ 2,4-D Õ¬à“ß‡¥’¬«¡’§«“¡‡À¡“– ¡¡“°°«à“ 2,4-D √à«¡°—∫ BAP  ‚¥¬ 2,4-D 0.125 ¡°/≈ ‡ªìπ√–¥—∫§«“¡

‡¢â¡¢âπ∑’Ë¥’∑’Ë ÿ¥„π°“√™—°π”„Àâ‡°‘¥·§≈≈— ´÷Ëß¡’º≈∑”„Àâ¡’°“√‡°‘¥·§≈≈—  Ÿß ÿ¥   à«π°“√‡≈’È¬ß™‘Èπ à«π∫πÕ“À“√∑’Ë¡’

2,4-D √à«¡°—∫ BAP  À√◊Õ BAP ‡æ’¬ßÕ¬à“ß‡¥’¬«  ¡’º≈ àß‡ √‘¡°“√‡®√‘≠‡µ‘∫‚µ¢Õß¬Õ¥¡“°°«à“°“√‡°‘¥·§≈≈—   ‚¥¬

™‘Èπ à«π®“°µâπÕàÕπ∑’Ë¡’Õ“¬ÿ 2 ‡¥◊Õπ¡’§«“¡‡À¡“– ¡„π°“√™—°π”„Àâ‡°‘¥·§≈≈— ¡“°°«à“Õ“¬ÿ 1 ·≈– 3 ‡¥◊Õπ ®“°

°“√»÷°…“∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“æ∫«à“·§≈≈— ∑’Ë‡°‘¥¢÷ÈπÕ“®¡’®ÿ¥°”‡π‘¥¡“®“°æ“‡√ß§‘¡“¢Õß™‘Èπ à«π≈”µâπ‡√‘Ë¡‡≈’È¬ß

°√–‡®’¬«‡ªìπæ◊™∑’ËÕ¬Ÿà„π«ß§å  Zingiberaceae  ¡’
∂‘Ëπ°”‡π‘¥„π·∂∫‡Õ‡´’¬µ–«—πÕÕ°‡©’¬ß„µâ   æ◊™ °ÿ≈π’È¡’
ª√–¡“≥  100 ™π‘¥ æ∫„πª√–‡∑»‰∑¬ª√–¡“≥ 30 ™π‘¥
(‡ “«≈—°…≥å, 2538)  æ◊™ °ÿ≈π’È∂Ÿ°π”¡“„™âª√–‚¬™πå„π
¥â“πµà“ßÊ ¡“°¡“¬ ‡™àπ „™â‡ªìπÕ“À“√  ¡ÿπ‰æ√  ·≈–
ªí®®ÿ∫—ππ”¡“„™âª√–‚¬™πå¥â“π‰¡â¥Õ°‰¡âª√–¥—∫´÷Ëßπ—∫‰¥â«à“
‡ªìπ ‘π§â“ÕÕ°∑’Ë ”§—≠ ‡π◊ËÕß®“°¡’≈—°…≥–∑’Ë‚¥¥‡¥àπ ’ —π
 «¬ß“¡ ·≈–∑’Ë ”§—≠§◊Õ¡’Õ“¬ÿ°“√„™âß“ππ“π ∑—Èßπ’ÈÕ“®‡ªìπ
º≈¡“®“°≈—°…≥–æ‘‡»…¢Õß¥Õ°∑’Ë¡’°≈’∫¥Õ°§àÕπ¢â“ßÀπ“
·≈–¡’ “√ curcumin ‡ªìπÕß§åª√–°Õ∫´÷Ëß “√π’È¡’º≈µàÕ
°“√¬—∫¬—Èß°“√‡®√‘≠¢Õß·∫§∑’‡√’¬®÷ß∑”„Àâ “¡“√∂¬◊¥Õ“¬ÿ

°“√„™âß“π æ◊™°≈ÿà¡π’È∑’Ë‡ªìπ‰¡â¥Õ°‰¡âª√–¥—∫∑’Ë ”§—≠ ‰¥â·°à
ª∑ÿ¡¡“ °√–‡®’¬« ·≈–∫—«≈“¬ ‡ªìπµâπ  °“√»÷°…“„π§√—Èßπ’È
„™â°√–‡®’¬«‡∫Õ√å 50 (Figure 1)  ¡“‡ªìπæ◊™∑¥≈Õß ´÷Ëß
‡ªìπ°√–‡®’¬«Õ’°™π‘¥Àπ÷Ëß∑’Ë¡’»—°¬¿“æ Ÿß„π°“√º≈‘µ‡ªìπ
‰¡â¥Õ°‰¡âª√–¥—∫‡™‘ß°“√§â“ ∑—Èßπ’È‡π◊ËÕß®“°‡ªìπ°√–‡®’¬«∑’Ë
¡’≈—°…≥–™àÕ¥Õ°·≈– ’ —π «¬ß“¡¥Ÿ·ª≈°µ“ ‚¥¬™àÕ¥Õ°
 à«π‚§π¡’ ’‡¢’¬«ÕàÕπ®“ß≈ß®π∂÷ß™¡æŸ  ·≈–¡’ ’·¥ß§≈È”
∫√‘‡«≥ª≈“¬™àÕ¥Õ° ·µà¡’°â“π™àÕ¥Õ° —Èπ∑”„Àâ¡’¢âÕ®”°—¥
„π°“√„™âß“π´÷Ëß‡ªìπ≈—°…≥–¥âÕ¬Õ¬à“ßÀπ÷Ëß¢Õß°√–‡®’¬«
™π‘¥π’È ·≈–‡ªìπæ—π∏ÿåªÉ“´÷Ëß‰¡à‡§¬¡’°“√»÷°…“¡“°àÕπ ‡∑§π‘§
°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™‡ªìπ«‘∏’°“√Àπ÷Ëß∑’Ë “¡“√∂π”¡“„™â

Figure 1.  Stem and inflorescence of Curcuma sp. No. 50.
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ª√–‚¬™πå„π°“√ª√—∫ª√ÿßæ—π∏ÿå √«¡∑—Èß°“√ª√—∫ª√ÿßæ—π∏ÿå„Àâ
¡’≈—°…≥–∑’Ë¥’¢÷Èπ‚¥¬„™â‡∑§π‘§∑“ß¥â“πæ—π∏ÿ«‘»«°√√¡°Á‡ªìπ
Õ’°«‘∏’Àπ÷Ëß∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß  ªí®®ÿ∫—πª√– ∫§«“¡ ”‡√Á®
„πæ◊™À≈“¬™π‘¥·≈–π”‰ª„™âª√–‚¬™πå°—πÕ¬à“ß°«â“ß¢«“ß
´÷Ëß°“√»÷°…“°“√™—°π”„Àâ‡°‘¥·§≈≈—  °“√‡®√‘≠‡µ‘∫‚µ¢Õß
·§≈≈—  ·≈–°“√‡æ“–‡≈’È¬ß‡´≈≈å·¢«π≈Õ¬‡ªìπ¢—ÈπµÕπ∑’Ë
 ”§—≠·≈–®”‡ªìπ„π°“√ª√—∫ª√ÿßæ—π∏ÿå‚¥¬«‘∏’¥—ß°≈à“« ·µà∑’Ë
ºà“π¡“¡’°“√»÷°…“°“√™—°π”„Àâ‡°‘¥·§≈≈— „π°√–‡®’¬«À√◊Õ
æ◊™°≈ÿà¡°√–‡®’¬«πâÕ¬¡“° ‚¥¬ à«π„À≠à‡ªìπ°“√»÷°…“‡æ◊ËÕ
°“√¢¬“¬æ—π∏ÿå„π¢‘ß ¢¡‘Èπ ª∑ÿ¡¡“ ·≈–¥“À≈“  (Arimura

et al., 2000; Sharma and Singh, 1995; Huang, 1996;

Keshavachandran and Khader, 1991; Wanakrairoj,

1992; Õ¿‘™“µ‘, 2539)  à«π°“√»÷°…“„π°√–‡®’¬«∑’Ëºà“π¡“
‡ªìπ‡æ’¬ß»÷°…“™‘Èπ à«π∑’Ëπ”¡“‡≈’È¬ß·≈–ªí®®—¬∫“ßª√–°“√
∑’Ë‡À¡“– ¡„π°“√™—°π”„Àâ‡°‘¥¬Õ¥À√◊ÕµâπÕàÕπ®”π«π
¡“°‡æ◊ËÕ°“√¢¬“¬æ—π∏ÿå (®“¡®ÿ√’, 2533; ∑‘æ¬å ÿ¥“, 2540)

 “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ¢Õßæ◊™·≈–Õ“¬ÿ¢Õß™‘Èπ à«πæ◊™
∑’Ëπ”¡“‡≈’È¬ßπ—∫‡ªìπªí®®—¬ ”§—≠µàÕ°“√ª√– ∫§«“¡ ”‡√Á®
„π°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™ „π°“√∑¥≈Õß§√—Èßπ’È®÷ß‰¥â∑”
°“√»÷°…“º≈¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∫“ß™π‘¥·≈–
Õ“¬ÿ¢Õß™‘Èπ à«π∑’Ëπ”¡“‡≈’È¬ßµàÕ°“√™—°π”„Àâ‡°‘¥·§≈≈— ¢Õß
°√–‡®’¬«‡∫Õ√å 50 √«¡∑—Èß»÷°…“∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“∂÷ß°“√
‡°‘¥·§≈≈— ®“°™‘Èπ à«π∑’Ëπ”¡“‡≈’È¬ß„π§√—Èßπ’È º≈°“√∑¥≈Õß
∑’Ë‰¥âπ’Èπ—∫‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π∑’Ë¡’ª√–‚¬™πåµàÕ°“√ √â“ß
·§≈≈— ∑’Ë®–π”‰ª„™â„π¢—ÈπµÕπ°“√‡≈’È¬ß‡´≈≈å·¢«π≈Õ¬
‚ª√‚µæ≈“ µå À√◊Õ°“√™—°π”„Àâ‡°‘¥µâπ„À¡à‡æ◊ËÕ°“√ª√—∫ª√ÿß
æ—π∏ÿåµàÕ‰ª„πÕπ“§µ

«‘∏’°“√∑¥≈Õß

°“√‡µ√’¬¡µâπ°≈â“°√–‡®’¬«‡∫Õ√å 50

µâπæ◊™∑¥≈Õß∑’Ë„™â„π°“√»÷°…“π’È‰¥â®“°°“√¢¬“¬
æ—π∏ÿå„π ¿“æª≈Õ¥‡™◊ÈÕ ‚¥¬π”™‘Èπ à«π√Õ¬µàÕ√–À«à“ß√“°
°—∫≈”µâπ¢π“¥ 0.5 ´¡ ¢ÕßµâπÕàÕπ°√–‡®’¬« ∑’Ë¡’Õ“¬ÿ 1

‡¥◊Õπ  ¡“ºà“·∫àßµ“¡¬“«‡ªìπ 2  à«πµàÕµâπ  ·≈â«π”¡“
‡≈’È¬ß∫πÕ“À“√ Ÿµ√ MS ∑’Ë¡’ kinetin §«“¡‡¢â¡¢âπ 0.5

¡°/≈ ¿“¬„µâ ¿“æÕÿ≥À¿Ÿ¡‘ 25±2ºC ‰¥â√—∫· ß§«“¡‡¢â¡
2,000 ≈—°´å  16 ™—Ë«‚¡ß/«—π  ´÷Ëß¡’º≈∑”„Àâ™‘Èπ à«ππ’È¡’°“√

‡®√‘≠æ—≤π“„ÀâµâπÕàÕπ®”π«π¡“° ‡¡◊ËÕµâπÕàÕπ‡®√‘≠‡µ‘∫‚µ
¡’Õ“¬ÿ‰¥â 1  2 ·≈– 3 ‡¥◊Õπ ®÷ßπ”¡“„™â„π°“√∑¥≈Õß
‚¥¬°“√µ—¥ à«π√Õ¬µàÕ√–À«à“ß√“°°—∫≈”µâπ¢ÕßµâπÕàÕπ
°√–‡®’¬«∑’Ë¡’Õ“¬ÿµà“ßÊ ‡À≈à“π’È¢π“¥ª√–¡“≥ 1.0 ´¡ ¡“
‡≈’È¬ß∫πÕ“À“√ Ÿµ√µà“ßÊ „π¢—ÈπµÕπµàÕ‰ª

°“√™—°π”„Àâ‡°‘¥·§≈≈— 

π”™‘Èπ à«π√Õ¬µàÕ√–À«à“ß√“°°—∫≈”µâπ¢π“¥
ª√–¡“≥ 1.0 ´¡ ∑’Ëµ—¥®“°µâπÕàÕπ°√–‡®’¬«∑’Ë¡’Õ“¬ÿ 1 2

·≈– 3 ‡¥◊Õπ ∑’Ë‡µ√’¬¡‰«â¢â“ßµâπ¡“‡≈’È¬ß∫πÕ“À“√ Ÿµ√ MS

¥—¥·ª≈ß∑’Ë¡’ 2,4-D  5 √–¥—∫§«“¡‡¢â¡¢âπ§◊Õ  0   0.063

0.125 0.250 ·≈– 0.500 ¡°/≈ ·≈–/À√◊Õ BAP 3 √–¥—∫
§«“¡‡¢â¡¢âπ§◊Õ  0  0.125 ·≈– 0.250 ¡°/≈ √«¡ 15

°√√¡«‘∏’  ‡≈’È¬ß‰«â¿“¬„µâ ¿“æ∑’Ë¡’Õÿ≥À¿Ÿ¡‘ 25±2ºC ‰¥â√—∫
· ß∑’Ë¡’§«“¡‡¢â¡ 2,000 ≈—°´å  16 ™—Ë«‚¡ß/«—π  ‡ªìπ‡«≈“
5  —ª¥“Àå ‚¥¬∫—π∑÷°º≈∑ÿ° —ª¥“Àå ‡æ◊ËÕ»÷°…“º≈¢ÕßÕ“¬ÿ
™‘Èπ à«π·≈–√–¥—∫§«“¡‡¢â¡¢âπ¢Õß 2,4-D ·≈–/À√◊Õ BAP

µàÕ°“√™—°π”„Àâ‡°‘¥·§≈≈—   °“√∑¥≈Õßπ’È«“ß·ºπ°“√
∑¥≈Õß·∫∫ ÿà¡µ≈Õ¥ (Completely Randomized Design,

CRD) ∑”°“√∫—π∑÷°º≈°“√∑¥≈Õß„π‡√◊ËÕßµàÕ‰ªπ’È
1) ∫—π∑÷°¢âÕ¡Ÿ≈·≈–∫—π∑÷°¿“æ°“√‡®√‘≠‡µ‘∫‚µ

·≈–°“√‡ª≈’Ë¬π·ª≈ß∑—Ë«‰ª¢Õß™‘Èπ à«π ‰¥â·°à ≈—°…≥–°“√
‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èπ¢Õß™‘Èπ à«π‡π◊ÈÕ‡¬◊ËÕ  °“√‡°‘¥¬Õ¥
·≈–√“° ‡ªìπµâπ

2) ∫—π∑÷°‡ªÕ√å‡´Áπµå°“√‡°‘¥·§≈≈—  «—π∑’Ë‡√‘Ë¡‡°‘¥
·§≈≈— ·≈–≈—°…≥–·§≈≈—   ∑”°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈‡ªÕ√å‡´Áπµå
‡©≈’Ë¬°“√‡°‘¥·§≈≈—   ‚¥¬«‘‡§√“–Àå§«“¡·ª√ª√«π
(Analysis of Variance, ANOVA) ·≈–‡ª√’¬∫‡∑’¬∫§«“¡
·µ°µà“ß√–À«à“ß°√√¡«‘∏’¥â«¬ Least Significant Differ-

ence (LSD)

3) ∫—π∑÷°ª√‘¡“≥°“√‡°‘¥·§≈≈— ‚¥¬„Àâ‡ªìπ√–¥—∫
§–·ππ´÷Ëßæ‘®“√≥“®“°¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢Õß·§≈≈— 
¥—™π’∑’Ë„™â‡ªìπ‡°≥±å· ¥ßª√‘¡“≥·§≈≈— ‚¥¬°“√„Àâ√–¥—∫
§–·ππ∑’Ëª√–‡¡‘π®“°¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¢Õß·§≈≈— 
¥—ßπ’È

0 §–·ππ À¡“¬∂÷ß ‰¡à‡°‘¥·§≈≈— 
1 §–·ππ À¡“¬∂÷ß ·§≈≈— ¡’¢π“¥‡ âπºà“

»Ÿπ¬å°≈“ß 0.1-0.5 ´¡
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2 §–·ππ À¡“¬∂÷ß ·§≈≈— ¡’¢π“¥‡ âπºà“
»Ÿπ¬å°≈“ß 0.6-1.0 ´¡

3 §–·ππ À¡“¬∂÷ß ·§≈≈— ¡’¢π“¥‡ âπºà“
»Ÿπ¬å°≈“ß 1.1-2.0 ´¡

4 §–·ππ À¡“¬∂÷ß ·§≈≈— ¡’¢π“¥‡ âπºà“
»Ÿπ¬å°≈“ß > 2.1 ´¡

‚¥¬π”¢âÕ¡Ÿ≈ª√‘¡“≥°“√‡°‘¥·§≈≈— „π·µà≈– —ª¥“Àå
¢Õß™‘Èπ à«π√Õ¬µàÕ√–À«à“ß√“°°—∫≈”µâπ¢ÕßµâπÕàÕπ
°√–‡®’¬«∑—Èß 3 Õ“¬ÿ‰ª«‘‡§√“–Àå§«“¡·µ°µà“ß√–À«à“ß
°√√¡«‘∏’¥â«¬ Kruskal Wallis and Mann Whitney

°“√»÷°…“∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õß°“√‡°‘¥·§≈≈— 

π”™‘Èπ à«π‡π◊ÈÕ‡¬◊ËÕ√Õ¬µàÕ√–À«à“ß√“°°—∫≈”µâπ¢Õß
µâπÕàÕπ°√–‡®’¬«Õ“¬ÿ 2 ‡¥◊Õπ  ∑’Ë‡≈’È¬ß∫πÕ“À“√«ÿâπ Ÿµ√
MS ∑’Ë¡’ 2,4-D §«“¡‡¢â¡¢âπ 0.125 ¡°/≈ ‡ªìπ‡«≈“π“π
5  —ª¥“Àå ¡“µ—¥‡π◊ÈÕ‡¬◊ËÕ∑ÿ°Ê  —ª¥“Àå‡æ◊ËÕ»÷°…“∑“ß‡π◊ÈÕ‡¬◊ËÕ
«‘∑¬“∂÷ß°“√‡°‘¥·§≈≈— ·≈–°“√‡ª≈’Ë¬π·ª≈ß¢Õß·§≈≈— 
µ“¡«‘∏’°“√¢Õß Johansen (1940) ·≈– Sass (1966) ‚¥¬
π”™‘Èπ à«π∑’ËµâÕß°“√»÷°…“·™à¡“„ππÈ”¬“√—°…“ ¿“æ‡´≈≈å

(FAA) π“π 18-24 ™—Ë«‚¡ß ∑”°“√¥÷ßπÈ”ÕÕ°®“°‡´≈≈å¥â«¬
 “√≈–≈“¬∑’Ë¥÷ßπÈ”ÕÕ°®“°‡´≈≈å (dehydrating reagents)

∑’Ëª√–°Õ∫¥â«¬‡Õ∑‘≈·Õ≈°ÕŒÕ≈å πÈ”°≈—Ëπ ·≈– TBA (ter-

tiary butyl alcohol) ∑’Ë§«“¡‡¢â¡¢âπ 50  70   85   95

·≈– 100 % π“π§«“¡‡¢â¡¢âπ≈– 24 ™—Ë«‚¡ß µ“¡≈”¥—∫
µ“¡¥â«¬°“√·™à„π TBA  100 % π“π 24 ™—Ë«‚¡ß ®“°π—Èπ
·™à„π TBA √à«¡°—∫æ“√“øîπ‡À≈« (1:1) π“π 24 ™—Ë«‚¡ß
·≈â«π”‰ª·™à„πæ“√“øîπ‡À≈«∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß‚¥¬‡°Á∫
µ—«Õ¬à“ß‰«â„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 58-60ºC  π“π 7 «—π
®“°π—Èππ”™‘Èπ à«πΩíß≈ß„πæ“√“øîπ ·≈â«π”™‘Èπ à«ππ’È‰ª
µ—¥¥â«¬‡§√◊ËÕßµ—¥æ“√“øîπ·∫∫À¡ÿπ (rotary microtome)

§«“¡Àπ“ 10 ‰¡§√Õπ π”™‘Èπ à«π∑’Ëµ—¥‰¥â (ribbon) ¬÷¥
°—∫·ºàπ ‰≈¥å¥â«¬πÈ”¬“¬÷¥·ºàπ ‰≈¥å (adhesive) ∑’Ë«“ß
∫π‡§√◊ËÕßÕÿàπ ‰≈¥å π“π 24 ™—Ë«‚¡ß‡æ◊ËÕ√–‡À¬πÈ”ÕÕ°·≈–
„Àâ·ºàπæ“√“øîπµ‘¥°—∫ ‰≈¥å‰¥â¥’¢÷Èπ π” ‰≈¥å∑’Ë‰¥â‰ª¬âÕ¡ ’
safranin O ·≈– fast green ∑”°“√ªî¥°√–®°ªî¥ ‰≈¥å
·≈â«π”‰ª»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πå ‡≈π åª√–°Õ∫
(compound microscope) µàÕ‰ª

Table 1. Effect of 2,4-D and BAP and explant age on callus induction of stem

explants of Curcuma sp. No.50 after cultured for 5 weeks.

Callus Induction (%) Callus Size (score)

2,4-D (mg/l) BAP (mg/l) Explant  Age (months) Explant Age (months)

1 2 3 1 2 3

0.0 0.0 0 0 0 0.0 0.0 0.0
0.063 0.0 60 80 60 1.3 1.6 0.7
0.125 0.0 60 100 90 1.7 3.3 2.8
0.250 0.0 50 100 80 1.4 3.0 2.1
0.500 0.0 40 50 50 0.5 0.6 0.6
0.0 0.125 0 0 0 0.0 0.0 0.0

0.063 0.125 20 40 70 0.2 0.4 0.8
0.125 0.125 20 60 40 0.5 0.6 0.5
0.250 0.125 50 70 50 0.8 1.0 0.9
0.500 0.125 60 60 30 0.7 0.8 0.4
0.0 0.250 0 0 0 0.0 0.0 0.0

0.063 0.250 20 30 10 0.2 0.3 0.2
0.125 0.250 40 50 20 0.6 1.1 0.2
0.250 0.250 50 60 30 0.7 1.4 0.3
0.500 0.250 40 60 30 1.1 1.2 0.3
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º≈°“√∑¥≈Õß

°“√™—°π”„Àâ‡°‘¥·§≈≈— 

√–¥—∫Õ“¬ÿ¢Õß™‘Èπ à«π∑’Ëπ”¡“‡≈’È¬ß ™π‘¥·≈–√–¥—∫
§«“¡‡¢â¡¢âπ¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ¡’º≈µàÕ°“√
™—°π”„Àâ‡°‘¥·§≈≈—  ‚¥¬‡ªÕ√å‡´Áπµå°“√‡°‘¥·§≈≈— ·≈–
ª√‘¡“≥·§≈≈— ∑’Ë‡°‘¥¢÷Èπ®“°°“√‡≈’È¬ß™‘Èπ à«π∫πÕ“À“√∑’Ë¡’
2,4-D ·≈–/À√◊Õ BAP ∑—Èß 15 °√√¡«‘∏’‡ªìπ‰ª„π∑”πÕß
‡¥’¬«°—π„π∑—Èß “¡Õ“¬ÿ (Table 1) ‚¥¬‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—π
√–À«à“ßÕ“¬ÿ¢Õß™‘Èπ à«π∑—Èß “¡Õ“¬ÿ∑’Ë‡≈’È¬ß∫πÕ“À“√√«¡
∑—ÈßÀ¡¥ 15 °√√¡«‘∏’  æ∫«à“™‘Èπ à«π®“°µâπÕàÕπ∑’Ë¡’Õ“¬ÿ
2 ‡¥◊Õπ ¡’§«“¡‡À¡“– ¡∑’Ë ÿ¥„π°“√™—°π”„Àâ‡°‘¥·§≈≈— 

´÷Ëß¡’‡ªÕ√å‡´Áπµå°“√‡°‘¥·§≈≈— ‡©≈’Ë¬¡“°∑’Ë ÿ¥§◊Õ 50.67%

·≈–¡’ª√‘¡“≥·§≈≈— ‡©≈’Ë¬ Ÿß ÿ¥§◊Õ 1.020 §–·ππ ‚¥¬¡’
§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘°—∫™‘Èπ à«π®“°
µâπÕàÕπÕ“¬ÿ 3 ·≈– 1 ‡¥◊Õπ  ´÷Ëß¡’‡ªÕ√å‡´Áπµå°“√‡°‘¥
·§≈≈— ‡©≈’Ë¬  ·≈–¡’ª√‘¡“≥·§≈≈— ‡©≈’Ë¬ 37.33%  ·≈–
0.653 §–·ππ °—∫ 34.00% ·≈– 0.647 §–·ππ µ“¡
≈”¥—∫ (Table 2 ·≈– Figure 2) ‚¥¬¡’√–¬–‡«≈“„π°“√
‡°‘¥·§≈≈— ·µ°µà“ß°—π‡≈Á°πâÕ¬ §◊Õ™‘Èπ à«π®“°≈”µâπÕàÕπ
∑’Ë¡’Õ“¬ÿ 2 ‡¥◊Õπ “¡“√∂ —ß‡°µ‡ÀÁπ·§≈≈— ‰¥âµ—Èß·µà —ª¥“Àå
∑’Ë 3 ‡™àπ‡¥’¬«°—∫™‘Èπ à«π®“°≈”µâπÕàÕπ∑’Ë¡’Õ“¬ÿ 1 ‡¥◊Õπ
´÷Ëß‡√Á«°«à“™‘Èπ à«π∑’Ë¡’Õ“¬ÿ 3 ‡¥◊Õπ 1  —ª¥“Àå  à«π≈—°…≥–
¢Õß·§≈≈— ∑’Ë‡°‘¥®“°™‘Èπ à«π∑—Èß “¡√–¥—∫Õ“¬ÿ‰¡à·µ°µà“ß

Figure 2. Callus formation from different age of stem explants of Curcuma sp. No. 50 after

cultured on MS medium having 2,4-D 0.125 mg/l  for 5 weeks: 1  month old (A)

2 month old  (B) and  3 month old (C).

Figure 3. Callus formation from 2 month old stem explants of Curcuma sp. No. 50 after

cultured on MS medium having 2,4-D 0.063 (A) 0.125 (B) 0.250 (C) and 0.50 mg/l

(D) for 5 weeks.



Songklanakarin J. Sci. Technol.

Vol.27  No.3  May - Jun. 2005 492

In Vitro callus formation from Curcuma sp. No. 50

Sarathum, S. and Saengnil, K.

Figure 4. Callus  formation from 2 month  old  stem explants of Curcuma sp. No. 50 after

cultured on MS medium having 2,4-D alone (A) 2,4-D plus BAP (B) and BAP

alone (C) for 5 weeks.

Figure 5. Cross (A-D, F and H) and longitudinal (E and G) sections through stem explants

of Curcuma sp. No. 50 showing callus formation after cultured on MS medium

having 0.125  mg/l  2,4-D for 1 week (A), 2 weeks (B), 3 weeks (C), 4  weeks (D and

E) and 5 weeks  (F-H): stem (ST), leaf sheath (LS), epidermis (EP), ground tissue

(GT), mesophyll (MS), vascular bundle (VB) and callus (C).
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 ÿæ—µ√“   √–∏√√¡ ·≈– °Õ∫‡°’¬√µ‘  · ßπ‘≈493

°—π¡“°„π·µà≈–°√√¡«‘∏’  ‚¥¬·§≈≈— ∑’Ë‡°‘¥¡’ ’¢“«π«≈√à«π
(friable callus) ‡°‘¥¢÷Èπ∫√‘‡«≥„∫∑’Ë‡√‘Ë¡¡’¢π“¥„À≠à·≈–
‡æ‘Ë¡¢π“¥„À≠à¡“°¢÷Èπ„π —ª¥“Àå∑’Ë 4 ·≈– 5 ‡æ’¬ß·µà™‘Èπ
 à«π®“°µâπÕàÕπ∑’Ë¡’Õ“¬ÿ 3 ‡¥◊Õπ¡’°“√‡®√‘≠‡µ‘∫‚µ¢Õß
¬Õ¥√à«¡°—∫°“√‡°‘¥·§≈≈— 

πÕ°®“°π’È  ¬—ßæ∫«à“™π‘¥·≈–√–¥—∫§«“¡‡¢â¡¢âπ
¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ¡’º≈µàÕ‡ªÕ√å‡´Áπµå°“√‡°‘¥
·§≈≈— ·≈–ª√‘¡“≥·§≈≈— ‰¥â·µ°µà“ß°—π  °“√‡≈’È¬ß∫π
Õ“À“√«ÿâπ∑’Ë¡’ 2,4-D ‡æ’¬ßÕ¬à“ß‡¥’¬« “¡“√∂™—°π”„Àâ‡°‘¥
·§≈≈— ¥’°«à“°“√‡≈’È¬ß∫πÕ“À“√∑’Ë¡’ 2,4-D √à«¡°—∫ BAP

À√◊Õ¡’‡æ’¬ß BAP  ·≈–§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡∑’Ë ÿ¥¢Õß
2,4-D §◊Õ 0.125 ¡°/≈ ´÷Ëß¡’‡ªÕ√å‡´Áπµå°“√‡°‘¥·§≈≈— 
‡©≈’Ë¬∑ÿ°√–¥—∫Õ“¬ÿ¢Õß™‘Èπ à«π 83.33% (Table 3) ‚¥¬
™‘Èπ à«π„π —ª¥“Àå·√°¬—ß§ß¡’ ’‡¢’¬«·≈–¡’¬Õ¥‡®√‘≠¬◊¥¬“«
¢÷Èπ¡“‡≈Á°πâÕ¬¡’§«“¡¬“«ª√–¡“≥ 0.1-0.5 ´¡ µàÕ¡“„π

 —ª¥“Àå∑’Ë 2 ∫√‘‡«≥‚§π¢Õß™‘Èπ à«π‡√‘Ë¡¡’¢π“¥„À≠à¢÷Èπ
‚¥¬‡©æ“– à«π°“∫„∫∑’Ë —¡º— °—∫Õ“À“√«ÿâπ´÷Ëß¡’¢π“¥„À≠à
¢÷Èπ¡’ ’®“ß≈ß‡¡◊ËÕ‡∑’¬∫°—∫∫√‘‡«≥Õ◊Ëπ  ·≈–æ∫«à“¢π“¥∑’Ë
„À≠à¢÷Èπ¢Õß™‘Èπ à«π¡’§«“¡ —¡æ—π∏å„π∑“ß∫«°°—∫§«“¡
‡¢â¡¢âπ¢Õß 2,4-D ∑’Ë Ÿß¢÷Èπ ·µà¡’§«“¡ —¡æ—π∏å„π∑“ß≈∫
°—∫°“√‡®√‘≠‡µ‘∫‚µ¢Õß¬Õ¥·≈–√“°  „π —ª¥“Àå∑’Ë 3 °“∫
„∫·µà≈–°“∫¡’¢π“¥„À≠à¢÷Èπ·≈–¢¬“¬µ—«ÕÕ°   —ß‡°µæ∫
·§≈≈— ¡’≈—°…≥–‡ªìπ°âÕπ‡≈Á°Ê  ’¢“«π«≈√à«π (friable

callus) ‡°‘¥¢÷Èπ∫√‘‡«≥ à«π‚§π¢Õß°“∫„∫∑’Ë¡’¢π“¥„À≠à
´÷Ëß —¡º— °—∫Õ“À“√ ®“°π—Èπ·§≈≈— ¡’°“√‡µ‘∫‚µ·≈–‡æ‘Ë¡
ª√‘¡“≥¡“°¢÷Èπ‡√◊ËÕ¬Ê „π —ª¥“Àå∑’Ë 4 ·≈– 5 (Figure 3 B)

Õ¬à“ß‰√°Áµ“¡ ™‘Èπ à«π¡’°“√‡°‘¥·≈–°“√‡µ‘∫‚µ¢Õß·§≈≈— 
≈¥≈ß‡¡◊ËÕ„™â 2,4-D ∑’Ë¡’§«“¡‡¢â¡¢âπµË”·≈– Ÿß°«à“ 0.125

¡°/≈ ‚¥¬æ∫«à“¡’°“√‡®√‘≠‡µ‘∫‚µ¢Õß¬Õ¥·≈–„∫√à«¡°—∫
°“√‡°‘¥·§≈≈— ‡¡◊ËÕ„™â 2,4-D §«“¡‡¢â¡¢âπµË” (0.063 ¡°/

Table 2. Effect of different age of stem on callus induction and

callus size of stem explants of Curcuma sp. No.50 after

cultured for 5 weeks.

Explant  Age (months) Callus  induction (%)* Callus  Size (score)*

1 34.00 b 0.647 b
2 50.67 a 1.020 a
3 37.33 b 0.653 b

* Data presents an average of % callus induction and callus size from  all  culture

medium tested. Values in each column followed by different letters are sig-

nificant differences (P = 0.95).

Table 3. Effect of 2,4-D and BAP on callus induction of stem explants of

Curcuma sp. No. 50 after cultured for 5 weeks

Callus Induction (%)*

BAP (mg/l) 2,4-D (mg/l) Average

0.000 0.063 0.125 0.250 0.500

0.000 0.00 f 66.67 abc 83.33 a 76.67 ab 46.67 cd 69.00
0.125 0.00 f 43.33 de 40.00 cd 56.67 bcd 50.00 cd 38.00
0.250 0.00 f 20.00 e 36.67 de 46.67 cd 43.33 cd 29.33

0.00 43.33 53.33 60.00 46.67

* Data presents an average of % callus induction from all age of stem explants tested.

Different letters denote significant differences (P = 0.95).
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≈) (Figure 3 A)  ™‘Èπ à«π¡’ ’‡À≈◊Õß‡¢â¡‡¡◊ËÕ„™â∑’Ë§«“¡
‡¢â¡¢âπ Ÿß¢÷Èπ∑’Ë 0.25 ¡°/≈ (Figure 3 C)  ·≈–™‘Èπ à«π¡’
 ’πÈ”µ“≈‰À¡â‡¡◊ËÕ„™â§«“¡‡¢â¡¢âπ 0.50 ¡°/≈ (Figure 3 D)

Õ¬à“ß‰√°Áµ“¡ ‡ªÕ√å‡´Áπµå°“√‡°‘¥·§≈≈— ‡©≈’Ë¬∑ÿ°Õ“¬ÿ¢Õß
™‘Èπ à«π∑’Ë§«“¡‡¢â¡¢âπ 0.125 ¡°/≈ °Á‰¡à·µ°µà“ß°—πÕ¬à“ß
¡’π—¬ ”§—≠∑“ß ∂‘µ‘°—∫™‘Èπ à«π∑’Ë‡≈’È¬ß∫πÕ“À“√∑’Ë¡’ 2,4-D

§«“¡‡¢â¡¢âπ 0.250 ¡°/≈ (Table 3) ·§≈≈— ∑’Ë‡°‘¥¢÷Èπ¡’
≈—°…≥–·µ°µà“ß°—π‡≈Á°πâÕ¬ ‚¥¬æ∫«à“·§≈≈— ∑’Ë‡≈’È¬ß∫π
Õ“À“√∑’Ë¡’ 2,4-D Õ¬à“ß‡¥’¬«∑’Ë§«“¡‡¢â¡¢âπ Ÿß¡’≈—°…≥–
√à«π·Àâß·≈–¡’ ’‡À≈◊Õß‡¢â¡°«à“  ·µà¡’®”π«π√“°πâÕ¬°«à“
·§≈≈— ∑’Ë‡≈’È¬ß∫πÕ“À“√∑’Ë¡’ 2,4-D µË”

™‘Èπ à«π∑’Ë‡≈’È¬ß∫πÕ“À“√∑’Ë¡’∑—Èß 2,4-D ·≈– BAP

‡°‘¥·§≈≈— √Õß≈ß¡“‡¡◊ËÕ‡∑’¬∫°—∫°“√„™â 2,4-D ‡æ’¬ßÕ¬à“ß
‡¥’¬« (Figure 4 A) ‚¥¬·§≈≈— ‡°‘¥„π≈—°…≥–‡¥’¬«°—π
·µà‡°‘¥·§≈≈— ™â“°«à“´÷Ëß —ß‡°µæ∫·§≈≈— „π —ª¥“Àå∑’Ë 4

À√◊Õ 5 ‚¥¬™‘Èπ à«π∑’Ë‡≈’È¬ß∫πÕ“À“√∑’Ë¡’ 2,4-D ∑’Ë√–¥—∫
§«“¡‡¢â¡¢âπµË”√à«¡°—∫ BAP ∑ÿ°§«“¡‡¢â¡¢âπ¡’°“√‡®√‘≠
‡µ‘∫‚µ¢Õß¬Õ¥ ·≈–/À√◊Õ√“°‰ªæ√âÕ¡°—∫°“√‡°‘¥·§≈≈— 
¥â«¬·≈–·§≈≈— ∑’Ë‰¥â¡’ ’‡À≈◊ÕßÕàÕπÊ (Figure 4 B)  ´÷Ëß
µ√ß¢â“¡°—∫™‘Èπ à«π∑’Ë‡≈’È¬ß∫πÕ“À“√∑’Ë¡’ 2,4-D ∑’Ë§«“¡
‡¢â¡¢âπ ŸßÊ √à«¡°—∫ BAP ∑’Ë¡’°“√‡®√‘≠‡µ‘∫‚µ¢Õß¬Õ¥
πâÕ¬°«à“ ·µà¡’°“√‡°‘¥·§≈≈— ¡“°°«à“·≈–·§≈≈— ∑’Ë‰¥â¡’ ’
‡À≈◊Õß‡¢â¡  ´÷Ëß°“√‡°‘¥·§≈≈— π’È¢÷ÈπÕ¬Ÿà°—∫ —¥ à«π§«“¡
‡¢â¡¢âπ¢Õß 2,4-D ·≈–/À√◊Õ BAP

       à«π™‘Èπ à«π∑’Ë‡≈’È¬ß∫πÕ“À“√∑’Ë¡’ BAP ‡æ’¬ßÕ¬à“ß
‡¥’¬«·≈–Õ“À“√∑’Ë‰¡à¡’ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ‰¡àæ∫
°“√‡°‘¥·§≈≈—   ¡’‡æ’¬ß°“√‡®√‘≠‡µ‘∫‚µ¢Õß¬Õ¥·≈–√“°
‡∑à“π—Èπ  ‚¥¬√“°·≈–¬Õ¥¡’°“√‡®√‘≠¬◊¥¬“«‡æ‘Ë¡¢÷Èπµ“¡
§«“¡‡¢â¡¢âπ¢Õß BAP ∑’Ë Ÿß¢÷Èπ (Figure 4 C)

°“√»÷°…“∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õß°“√‡°‘¥·§≈≈— 

®“°°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß¢Õß‡π◊ÈÕ‡¬◊ËÕ à«π
√Õ¬µàÕ√–À«à“ß√“°°—∫≈”µâπ¢ÕßµâπÕàÕπ°√–‡®’¬«∑’Ë™—°π”
„Àâ‡°‘¥·§≈≈— ‡¡◊ËÕ‡≈’È¬ß∫πÕ“À“√«ÿâπ Ÿµ√ MS ∑’Ë¡’ 2,4-D

§«“¡‡¢â¡¢âπ 0.125 ¡°/≈ ´÷Ëß‡ªìπÕ“À“√∑’Ë‡À¡“– ¡∑’Ë ÿ¥
„π°“√™—°π”„Àâ‡°‘¥·§≈≈—    æ∫«à“‡π◊ÈÕ‡¬◊ËÕ à«π√Õ¬µàÕ
√–À«à“ß√“°°—∫≈”µâπ„π√–¬–‡√‘Ë¡°“√∑¥≈Õß (Figure 5 A)

ª√–°Õ∫¥â«¬ 2  à«π   à«π·√°§◊Õ  à«π¢Õß≈”µâπ (stem,

ST) ¡’≈—°…≥–‡ªìπ«ß√Ÿª‰¢à¿“¬„πª√–°Õ∫¥â«¬™—Èπ‡π◊ÈÕ‡¬◊ËÕ
∑’ËÕ¬Ÿà√Õ∫πÕ°‡√’¬°‡π◊ÈÕ‡¬◊ËÕ™—Èπº‘« (epidermis, EP) ∂—¥‡¢â“
¡“‡ªìπ™—Èπ‡π◊ÈÕ‡¬◊ËÕæ◊Èπ (ground tissue, GT) ∑’Ë à«π„À≠à
ª√–°Õ∫¥â«¬æ“‡√ß§‘¡“ (parenchyma, PR) ·≈–¡’°≈ÿà¡
¡—¥∑àÕ≈”‡≈’¬ß (vascular bundle, VB) °√–®“¬·∑√°Õ¬Ÿà
‚¥¬ VB ‡ªìπ‡π◊ÈÕ‡¬◊ËÕ≈”‡≈’¬ßª√–°Õ∫¥â«¬‚æ≈‡ÕÁ¡ (phloem)

·≈–‰´‡≈Á¡ (xylem) ∑’Ë¡’·§¡‡∫’¬¡„π¡—¥∑àÕ≈”‡≈’¬ß
(fascicular cambium) °—Èπ°≈“ß  Õ’° à«πÀπ÷Ëß§◊Õ  à«π
¢Õß°“∫„∫ (leaf sheath, LS) ¡’≈—°…≥–‡ªìπ«ß√’ à«π
°≈“ßÀπ“·≈–‡√’¬«‰ª∑“ß¥â“πª≈“¬·≈–‰¡à‡™◊ËÕ¡µ‘¥°—π·µà
ÀàÕÀÿâ¡≈”µâπ‰«â ª√–°Õ∫¥â«¬‡π◊ÈÕ‡¬◊ËÕÀ≈“¬ à«π ‰¥â·°à ™—Èπ
πÕ° ÿ¥§◊Õ EP ∂—¥‡¢â“¡“‡ªìπ™—Èπ¡’‚´øî≈≈å (mesophyll,

MS) ´÷Ëß‰¡à·¬°‡ªìπ™—Èπ·æ≈‘‡´¥ (palisade) ·≈– ªÕß®’
(spongy) Õ¬à“ß™—¥‡®π ·≈–¡’°≈ÿà¡ VB °√–®“¬„π™—Èπ MS

‡¡◊ËÕ‡≈’È¬ß™‘Èπ à«ππ“π 1  —ª¥“Àå (Figure 5 A) æ∫
«à“‡π◊ÈÕ‡¬◊ËÕ„π à«π¢Õß≈”µâπ·≈–°“∫„∫¡’°“√‡ª≈’Ë¬π·ª≈ß
‡æ’¬ß‡≈Á°πâÕ¬‰¡à·µ°µà“ß®“°‡¡◊ËÕ‡√‘Ë¡‡≈’È¬ß ‚¥¬™‘Èπ à«π‡√‘Ë¡
¡’¢π“¥‚µ¢÷Èπ‡≈Á°πâÕ¬∫√‘‡«≥‚§π°“∫„∫  ·µà‡¡◊ËÕ‡≈’È¬ß™‘Èπ
 à«ππ“π 2  —ª¥“Àå (Figure 5 B) ®–‡ÀÁπ«à“°“∫„∫ à«π
πÕ° ÿ¥¡’°“√¢¬“¬¢π“¥„À≠à¡“°¢÷Èπ·µà¬—ß‰¡àæ∫°“√‡°‘¥
·§≈≈—   µàÕ¡“„π —ª¥“Àå∑’Ë 3 (Figure 5 C) ‡¡◊ËÕ —ß‡°µ
®“°¿“¬πÕ°æ∫«à“¡’·§≈≈—  (C) ≈—°…≥–‡ªìπ°âÕπ‡≈Á°Ê
 ’‡À≈◊ÕßÕàÕπ·¬°ÕÕ°¡“®“° à«π°“∫„∫∫√‘‡«≥∑’Ë¡’¢π“¥
„À≠à¢÷Èπ®π‡π◊ÈÕ‡¬◊ËÕ∑’Ë‡≈’È¬ß·¬°ÕÕ°®“°°—π  ‡ªìπº≈∑”„Àâ
°âÕπ·§≈≈— ∫“ß à«π∑’ËÕ¬Ÿà¿“¬„πÀ≈ÿ¥ÕÕ°¡“ ·≈–‡¡◊ËÕπ”
™‘Èπ à«π¥—ß°≈à“«π’È¡“ section  “¡“√∂‡ÀÁπ°“√‡°‘¥·§≈≈— 
∑’Ë™—¥‡®π¡“°¢÷Èπ ‚¥¬æ∫«à“°âÕπ·§≈≈— ∑’Ë‡°‘¥¡’≈—°…≥–
°≈¡À√◊Õ√’¢π“¥„°≈â‡§’¬ß°—πª√–°Õ∫¥â«¬‡´≈≈åæ“‡√ß§‘¡“
‡≈Á°Ê À≈“¬‡´≈≈å¬âÕ¡µ‘¥ ’‡¢â¡™—¥‡®π ·µà≈–°≈ÿà¡°âÕπ‡´≈≈å
¡’¢Õ∫‡¢µ∑’Ë·πàπÕπ ·≈–·µà≈–°≈ÿà¡ “¡“√∂À≈ÿ¥·¬°ÕÕ°
®“°°—π‚¥¬Õ‘ √–  ·§≈≈— ‡°‘¥¢÷Èπ‰¥â®“°∑—Èß‡π◊ÈÕ‡¬◊ËÕ¢Õß
≈”µâπ·≈–°“∫„∫ ‚¥¬ —ππ‘…∞“π«à“·§≈≈— ¡’®ÿ¥°”‡π‘¥¡“
®“°‡´≈≈åæ“‡√ß§‘¡“„π™—Èπ GT ∫√‘‡«≥„°≈âÊ ™—Èπ EP ¢Õß
≈”µâπ·≈–‡´≈≈åæ“‡√ß§‘¡“„π™—Èπ MS ¢Õß°“∫„∫∑’Ë¡’°“√
‡ª≈’Ë¬π ¿“æ°≈—∫ (redifferentiation) ‰ª‡ªìπ‡π◊ÈÕ‡¬◊ËÕ
‡®√‘≠  ®“°π—Èπ¡’°“√·∫àß‡´≈≈å‡æ‘Ë¡®”π«π‡ªìπ°≈ÿà¡‡´≈≈å
æ“‡√ß§‘¡“ ·≈â«æ—≤π“‰ª‡ªìπ·§≈≈—  ®“°¿“æ®–‡ÀÁπ‰¥â«à“
°âÕπ·§≈≈— ‡°‘¥¢÷Èπ°√–®“¬∫“ßµ”·Àπàß¢Õß‡π◊ÈÕ‡¬◊ËÕ¢Õß
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≈”µâπ·≈–°“∫„∫ ª√‘¡“≥¢Õß·§≈≈— ‡æ‘Ë¡¡“°¢÷Èπ‡¡◊ËÕ‡≈’È¬ß
µàÕ‰ª„π —ª¥“Àå∑’Ë 4  (Figure 5 D) ‚¥¬·§≈≈— ∫“ßµ”·Àπàß
·¬°µ—«À≈ÿ¥ÕÕ°¡“®“°√Õ¬·¬°‡π◊ÈÕ‡¬◊ËÕ°“∫„∫∑’Ë¢¬“¬
¢π“¥„À≠à¢÷Èπ ®“° Figure 5 E ´÷Ëß‡ªìπ¿“æµ—¥µ“¡¬“«
¢Õß™‘Èπ à«π‡¡◊ËÕ‡≈’È¬ß∫πÕ“À“√π“π 4  —ª¥“Àå  ®–‡ÀÁπ«à“
∫√‘‡«≥∑’Ë‡Àπ◊Õ¢÷Èπ¡“®“° à«π‚§πÀ√◊Õ∫√‘‡«≥„°≈â¬Õ¥°Á
 “¡“√∂‡°‘¥·§≈≈— ‰¥â‡™àπ°—π ‚¥¬·§≈≈— ‡°‘¥µ√ßµ”·Àπàß
µ“¢â“ß¢Õß≈”µâπ  ·≈–„π —ª¥“Àå∑’Ë 5 (Figure 5 F, G)

°âÕπ·§≈≈— ∑’Ë‡°‘¥¢÷Èπ¡’¢π“¥„À≠à‡ÀÁπ‰¥â™—¥‡®π  ·≈–‡¡◊ËÕ
¢¬“¬¿“æµ—¥µ“¡¢«“ßµ”·Àπàß∑’Ë·§≈≈— ‡°‘¥¢÷Èπ∑’Ë°“∫„∫
(Figure 5 H) æ∫«à“°âÕπ·§≈≈— ∑’Ë‡°‘¥¢÷Èπª√–°Õ∫¥â«¬
°≈ÿà¡‡´≈≈å¢π“¥‡≈Á°‡∑à“Ê °—π®”π«π¡“°∑’Ë¡’≈—°…≥–º‘«¡—π
 ’¢“«-‡À≈◊Õß‡À¡◊Õπ°—π   ·µà≈–°âÕπ·§≈≈— ¡’¢Õ∫‡¢µ
™—¥‡®π·≈–¬—ß‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ßÀ√◊Õ‡®√‘≠·µàÕ¬à“ß„¥
¡’‡æ’¬ß°“√¢¬“¬¢π“¥‡æ‘Ë¡¡“°¢÷Èπ„π —ª¥“Àå∑’Ë 5 ´÷Ëß§“¥
«à“¡’‚Õ°“ ∑’Ë®–æ—≤π“‰ª‡ªìπ¬Õ¥À√◊Õµâπ∑’Ë ¡∫Ÿ√≥å‰¥â∂â“
¬â“¬‰ª‡≈’È¬ß∫πÕ“À“√·≈– ¿“æ∑’Ë‡À¡“– ¡„π°“√‡≈’È¬ß
µàÕ‰ª

«‘®“√≥åº≈°“√∑¥≈Õß

°“√™—°π”„Àâ‡°‘¥·§≈≈— 

®“°º≈°“√∑¥≈Õß®–‡ÀÁπ‰¥â«à“™‘Èπ à«πµâπÕàÕπ∑’Ë
¡’Õ“¬ÿ 2 ‡¥◊Õπ ¡’‡ªÕ√å‡´Áπµå°“√‡°‘¥·§≈≈— ·≈–ª√‘¡“≥
·§≈≈—  Ÿß°«à“µâπÕàÕπ∑’Ë¡’Õ“¬ÿ 1 ·≈– 3 ‡¥◊Õπ ´÷Ëß· ¥ß
„Àâ‡ÀÁπ«à“Õ“¬ÿ¢Õß™‘Èπ à«πæ◊™∑’Ëπ”¡“‡≈’È¬ß∫πÕ“À“√¡’º≈
µàÕ°“√‡®√‘≠æ—≤π“·≈–°“√‡°‘¥·§≈≈—   Õ¥§≈âÕß°—∫°“√
∑¥≈Õß¢Õß Remotti ·≈– Loffler (1995) ∑’Ëæ∫«à“°“√
‡≈’È¬ß™‘Èπ à«π®“°À—«·¢πß (cormel) ¢Õß·°≈¥‘‚Õ≈— ∑’ËÕ“¬ÿ
6 ·≈– 9 ‡¥◊Õπ ∫πÕ“À“√«ÿâπ Ÿµ√ MS ∑’Ë¡’ 2,4-D §«“¡
‡¢â¡¢âπ 9.0 ¡‘≈≈‘‚¡≈“√å ¡’°“√™—°π”„Àâ‡°‘¥·§≈≈— ‰¥â¥’°«à“
™‘Èπ à«π∑’Ë¡’Õ“¬ÿ 12 ‡¥◊Õπ   à«π Green (1977) °Áæ∫«à“
°“√‡≈’È¬ß‡ÕÁ¡∫√‘‚Õ¢Õß¢â“«‚æ¥∑’Ë¡’¢π“¥ 0.75-1.50 ¡¡
∫πÕ“À“√«ÿâπ Ÿµ√ MS ∑’Ë¡’ 2,4-D §«“¡‡¢â¡¢âπ 0.25

¡°/≈  “¡“√∂™—°π”„Àâ‡°‘¥·§≈≈— ‰¥â¡“°°«à“‡ÕÁ¡∫√‘‚Õ∑’Ë¡’
¢π“¥ 1.60-2.50, 2.60-2.90 ·≈– 3.00 ¡¡ µ“¡≈”¥—∫
‚¥¬¢π“¥¢Õß‡ÕÁ¡∫√‘‚Õ·ª√º—π‚¥¬µ√ß°—∫Õ“¬ÿ¢Õß‡ÕÁ¡∫√‘‚Õ
„π∑”πÕß‡¥’¬«°—π Te-chato ·≈– Chartikul (1993) °Á

√“¬ß“π«à“°“√‡≈’È¬ß‡ÕÁ¡∫√‘‚Õ¢Õß¬“ßæ“√“∑’Ë¡’Õ“¬ÿ 8  —ª¥“Àå
∫πÕ“À“√«ÿâπ Ÿµ√ MS ∑’Ë¡’ 2,4-D §«“¡‡¢â¡¢âπ 2.0 ¡°/≈
√à«¡°—∫ BAP §«“¡‡¢â¡¢âπ 2.0 ¡°/≈  “¡“√∂™—°π”„Àâ
‡°‘¥·§≈≈— ‰¥â¡“°°«à“™‘Èπ à«π∑’Ë¡’Õ“¬ÿ  6  7   9  ·≈– 10

 —ª¥“Àå µ“¡≈”¥—∫  πÕ°®“°ªí®®—¬‡√◊ËÕß™π‘¥æ◊™·≈–Õ“¬ÿ
¢Õß™‘Èπ à«πæ◊™∑’Ëπ”¡“‡≈’È¬ß·≈â« ™‘Èπ à«π¢Õßæ◊™·µà≈– à«π
°Á¡’º≈µàÕ°“√™—°π”„Àâ‡°‘¥·§≈≈— ·µ°µà“ß°—π¥â«¬ ‚¥¬
Stefaniak (1994) æ∫«à“™‘Èπ à«π®“°À—«·¢πß¢Õß·°≈¥‘
‚Õ≈— ∂Ÿ°™—°π”„Àâ‡°‘¥·§≈≈— ‰¥â¥’°«à“™‘Èπ à«π‚§π„∫·≈–
·ºàπ„∫∑—ÈßÀ¡¥ ‡¡◊ËÕ‡≈’È¬ß∫πÕ“À“√«ÿâπ Ÿµ√ MS ∑’Ë¡’ 2,4-D

§«“¡‡¢â¡¢âπ 2.0 ¡°/≈
°“√∑’Ë™‘Èπ à«π¢Õßæ◊™∑’Ë¡’Õ“¬ÿ·µ°µà“ß°—π∂Ÿ°™—°π”

„Àâ‡°‘¥·§≈≈— ‰¥â¥’¡“°πâÕ¬µà“ß°—ππ—Èπ  Õ“®‡π◊ËÕß¡“®“°
ªí®®—¬∑’Ë ”§—≠§◊Õ§«“¡‡¢â¡¢âπ¢ÕßŒÕ√å‚¡π∑’Ë¡’„π™‘Èπ à«πæ◊™
´÷Ëß§«“¡‡¢â¡¢âπ¢ÕßŒÕ√å‚¡π∑’Ë¡’„π™‘Èπ à«π√Õ¬µàÕ√–À«à“ß
√“°°—∫≈”µâπ¢ÕßµâπÕàÕπ°√–‡®’¬«∑’Ë¡’Õ“¬ÿ 2 ‡¥◊Õπ Õ“®Õ¬Ÿà
„π√–¥—∫∑’Ë‡¡◊ËÕ√«¡°—∫ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∑’Ë‰¥â√—∫
®“°„πÕ“À“√·≈â«  ¡’§«“¡‡À¡“– ¡µàÕ°“√™—°π”„Àâ‡°‘¥
·§≈≈— ¥’°«à“™‘Èπ à«π∑’Ë¡’Õ“¬ÿ 1 ·≈– 3 ‡¥◊Õπ √«¡∑—Èß™π‘¥
·≈–ª√‘¡“≥¢Õß‡´≈≈å∑’Ë ‡ªìπÕß§åª√–°Õ∫¢Õß‡π◊ÈÕ‡¬◊ËÕ
™‘Èπ à«πæ◊™¡’§«“¡·µ°µà“ß°—π ‚¥¬‡©æ“–‡´≈≈åæ“‡√ß§‘¡“
·≈–‡´≈≈å‡®√‘≠ (meristematic cell) ∑’Ë “¡“√∂·∫àß‡´≈≈å
·≈–æ—≤π“„Àâ·§≈≈— ‰¥â (®”πß§å, 2538)

‡¡◊ËÕæ‘®“√≥“ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¡’Õ¬Ÿà„π
Õ“À“√∑’Ë„™â‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕ°√–‡®’¬« æ∫«à“°“√‡≈’È¬ß™‘Èπ à«π
∫πÕ“À“√∑’Ë¡’‡æ’¬ß 2,4-D  “¡“√∂™—°π”„Àâ‡°‘¥·§≈≈— ‰¥â
¥’·≈–‰¥âª√‘¡“≥¡“°∑’Ë ÿ¥ ¢≥–∑’Ë™‘Èπ à«π‡≈’È¬ß∫πÕ“À“√∑’Ë
¡’∑—Èß 2,4-D ·≈– BAP ¡’°“√‡°‘¥·§≈≈— ‰¥âπâÕ¬√Õß≈ß¡“
·µà¡’°“√‡®√‘≠‡µ‘∫‚µ¢Õß¬Õ¥·≈–√“°‡°‘¥¢÷Èπ¥’   à«π°“√
‡≈’È¬ß™‘Èπ à«π∫πÕ“À“√∑’Ë¡’ BAP ‡æ’¬ßÕ¬à“ß‡¥’¬«À√◊Õ‰¡à¡’
 “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ‰¡à “¡“√∂™—°π”„Àâ‡°‘¥·§≈≈— 
‰¥â ·µà¡’°“√‡®√‘≠‡µ‘∫‚µ¢Õß√“°·≈–¬Õ¥¥’ ‡π◊ËÕß®“°¡’®ÿ¥
‡®√‘≠À√◊Õ‡π◊ÈÕ‡¬◊ËÕ‡®√‘≠ à«π¬Õ¥À√◊Õ√“° ·µàÕ“®¡’™π‘¥·≈–
√–¥—∫¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∑’Ë‰¡à ¡¥ÿ≈ ”À√—∫
°“√·∫àß‡´≈≈åµ≈Õ¥‡«≈“ ·µà‡¡◊ËÕ‡µ‘¡ “√§«∫§ÿ¡°“√‡®√‘≠
‡µ‘∫‚µ∑—Èß™π‘¥·≈–√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡≈ß‰ª ®÷ß¡’
º≈ àß‡ √‘¡°“√·∫àß‡´≈≈å·≈–°“√æ—≤π“¢Õß™‘Èπ à«π‡π◊ÈÕ‡¬◊ËÕ
¢÷Èπ ́ ÷Ëßº≈°“√∑¥≈Õßπ’È Õ¥§≈âÕß°—∫°“√»÷°…“°“√™—°π”„Àâ
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‡°‘¥·§≈≈— „πæ◊™™π‘¥µà“ßÊ ‡™àπ ¢‘ß (Babu  et al., 1993)

·°≈¥‘‚Õ≈—  (Stefaniak, 1994) ·≈–‰Œ¬“´’π (Bae et al.,

1984) ´÷Ëß≈â«π·µàæ∫«à“ 2,4-D ‡æ’¬ßÕ¬à“ß‡¥’¬«¡’º≈µàÕ
°“√™—°π”„Àâ‡°‘¥·§≈≈— ‰¥â¥’°«à“ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ
™π‘¥Õ◊ËπÊ ∑—Èßπ’È‡æ√“–«à“ 2,4-D ‡ªìπ “√§«∫§ÿ¡°“√‡®√‘≠
‡µ‘∫‚µ°≈ÿà¡ÕÕ°´‘π (auxin) µ—«Àπ÷Ëß∑’Ë¡’º≈¥’„π°“√°√–µÿâπ
·≈– àß‡ √‘¡°“√·∫àß‡´≈≈å (Leopold and Kriedemann,

1975)  °“√‡≈’È¬ß™‘Èπ à«πæ◊™∫πÕ“À“√∑’Ë¡’∑—Èß  2,4-D ·≈–
BAP ∑”„Àâ‡°‘¥·§≈≈— ·≈–¡’°“√‡®√‘≠‡µ‘∫‚µ¢Õß¬Õ¥√à«¡
¥â«¬ ‚¥¬¢÷ÈπÕ¬Ÿà°—∫ —¥ à«π¢Õß 2,4-D ·≈– BAP  ∑—Èßπ’È
‡π◊ËÕß®“°º≈√à«¡¢Õß 2,4-D °—∫ BAP ´÷Ëß BAP ‡ªìπ “√
§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ„π°≈ÿà¡‰´‚∑‰§π‘π (cytokinin) ∑’Ë
¡’º≈ àß‡ √‘¡°“√·∫àß‡´≈≈å·≈– àß‡ √‘¡°“√‡®√‘≠‡µ‘∫‚µ∑“ß
µâπ (®”πß§å, 2538) ¥—ßπ—Èπ°“√‡≈’È¬ß™‘Èπ à«πæ◊™∫πÕ“À“√
∑’Ë¡’‡æ’¬ß BAP ®÷ß¡’º≈ àß‡ √‘¡°“√‡®√‘≠‡µ‘∫‚µ¢Õß¬Õ¥‰¥â
¥’ ®“°°“√∑¥≈Õß§√—Èßπ’È¬—ßæ∫«à“ 2,4-D  ∑’Ë§«“¡‡¢â¡¢âπ
0.125 ¡°/≈ ‡À¡“– ¡∑’Ë ÿ¥µàÕ°“√™—°π”„Àâ‡°‘¥·§≈≈— ®“°
™‘Èπ à«π°√–‡®’¬« ·µà°“√„™â 2,4-D  ∑’Ë§«“¡‡¢â¡¢âπ ŸßÀ√◊Õ
µË”°«à“π’È¡’º≈∑”„Àâ‡°‘¥·§≈≈— πâÕ¬≈ß ‚¥¬‡©æ“–Õ“À“√∑’Ë¡’
2,4-D §«“¡‡¢â¡¢âπ 0.50 ¡°/≈ ¡’º≈∑”„Àâ™‘Èπ à«π‡®√‘≠
‡µ‘∫‚µ™â“·≈–¡’ ’‡À≈◊Õß‡¢â¡∂÷ßπÈ”µ“≈ ∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°
™‘Èπ à«π‰¥â√—∫ÕÕ°´‘π„πª√‘¡“≥¡“°‡°‘π‰ª®÷ß¡’º≈„π°“√
¬—∫¬—Èß°“√·∫àß‡´≈≈åÀ√◊Õ¡’º≈∑”≈“¬‡π◊ÈÕ‡¬◊ËÕ‰¥â (Thimann,

1963) ´÷Ëß§«“¡‡¢â¡¢âπ¢Õß 2,4-D ∑’Ë‡À¡“– ¡µàÕ°“√
™—°π”„Àâ‡°‘¥·§≈≈— ·µ°µà“ß°—π„π™‘Èπ à«πæ◊™·µà≈–™π‘¥
‡™àπ °“√™—°π”„Àâ‡°‘¥·§≈≈— ¢Õß≈‘≈≈’Ë‰¥â¥’∑’Ë ÿ¥‡¡◊ËÕ„™â
2,4-D §«“¡‡¢â¡¢âπ 4.0 ¡°/≈ (Stimart et al., 1980) „π
¢≥–∑’Ë·°≈¥‘‚Õ≈—  „™â 2,4-D ∑’Ë§«“¡‡¢â¡¢âπ 2.0 ¡°/≈
(Stefaniak, 1994) ·≈–ø√’‡´’¬„™â 2,4-D §«“¡‡¢â¡¢âπ
0.5 ¡°/≈ (Tamura, 1978) ‡ªìπµâπ   ∑’Ë‡ªìπ‡™àππ’ÈÕ“®
‡π◊ËÕß¡“®“°‡π◊ÈÕ‡¬◊ËÕ·µà≈– à«π¢Õßæ◊™·µà≈–™π‘¥µÕ∫ πÕß
µàÕ√–¥—∫§«“¡‡¢â¡¢âπ¢Õß 2,4-D „π°“√™—°π”„Àâ‡°‘¥
·§≈≈— ‰¥â¥’·µ°µà“ß°—π‰ª  Õ¬à“ß‰√°Áµ“¡ „πæ◊™∫“ß™π‘¥
æ∫«à“°“√‡µ‘¡ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ°≈ÿà¡‰´‚∑‰§π‘π
√à«¡°—∫ÕÕ°´‘π¡’º≈µàÕ°“√‡°‘¥·§≈≈— ‰¥â¥’°«à“°“√¡’‡©æ“–
ÕÕ°´‘π‡æ’¬ßÕ¬à“ß‡¥’¬«  ‡™àπ  °“√∑¥≈Õß„π·°≈¥‘‚Õ≈— 
æ∫«à“ “¡“√∂™—°π”„Àâ‡°‘¥·§≈≈— ®“° à«πª≈“¬¬Õ¥‰¥â¥’
∑’Ë ÿ¥‡¡◊ËÕ‡≈’È¬ß„πÕ“À“√‡À≈« Ÿµ√ MS ∑’Ë¡’ NAA §«“¡

‡¢â¡¢âπ 5.0 ¡°/≈ √à«¡°—∫‰§‡πµ‘π (kinetin) §«“¡‡¢â¡¢âπ
0.5 ¡°/≈ (Ziv et al., 1970)  πÕ°®“°π’È ¬—ß¡’°“√»÷°…“
„π‰Õ√‘ æ∫«à“°“√„™â 2,4-D §«“¡‡¢â¡¢âπ 0.1 ¡°/≈ √à«¡
°—∫‰§‡πµ‘π §«“¡‡¢â¡¢âπ 1.0 ¡°/≈  “¡“√∂™—°π”„Àâ‡°‘¥
‡ÕÁ¡∫√‘‚Õ®’π‘§·§≈≈— ®“° à«π„∫·≈–¥Õ°ÕàÕπ‰¥â¥’∑’Ë ÿ¥
(Jehan et al., 1994) ·≈– Malamug ·≈–§≥– (1991)

æ∫«à“ “¡“√∂™—°π”„Àâ‡°‘¥·§≈≈— ®“°™‘Èπ à«πª≈“¬¬Õ¥
¢Õß¢‘ß‰¥â¥’∑’Ë ÿ¥‡¡◊ËÕ‡≈’È¬ß∫πÕ“À“√«ÿâπ Ÿµ√ MS ∑’Ë¡’ 2,4-D

§«“¡‡¢â¡¢âπ 1.0 ¡°/≈ √à«¡°—∫ BA §«“¡‡¢â¡¢âπ 0.5 ¡°/
≈  À√◊Õ 2,4-D §«“¡‡¢â¡¢âπ 0.5 ¡°/≈ √à«¡°—∫ BA §«“¡
‡¢â¡¢âπ 1.0 ¡°/≈ ∑—Èßπ’È‡π◊ËÕß¡“®“° —¥ à«π¢ÕßÕÕ°´‘π
·≈–‰´‚∑‰§π‘π¡’§«“¡‡À¡“– ¡µàÕ°“√™—°π”„Àâ‡°‘¥·§≈≈— 
√«¡∑—Èß “√°≈ÿà¡‰´‚∑‰§π‘π¡’º≈ àß‡ √‘¡°“√·∫àß‡´≈≈å‡¡◊ËÕ
„™â„π√–¥—∫∑’Ë‡À¡“– ¡

°“√»÷°…“∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õß°“√‡°‘¥·§≈≈— 

°“√»÷°…“∑“ß‡π◊ÈÕ‡¬◊ËÕ«‘∑¬“¢Õß°“√‡°‘¥·§≈≈— 
®“°™‘Èπ à«π√Õ¬µàÕ√–À«à“ß√“°°—∫≈”µâπ¢Õß°√–‡®’¬«
 —ππ‘…∞“π«à“·§≈≈— ‡°‘¥®“°°“√·∫àß‡´≈≈å¢Õß‡π◊ÈÕ‡¬◊ËÕ
‡®√‘≠∑’ËÕ¬Ÿà√–À«à“ß‰´‡≈Á¡·≈–‚ø≈‡ÕÁ¡¢Õß≈”µâπ·≈–°“∫„∫
·≈–·§≈≈— ‡°‘¥®“°°≈ÿà¡‡´≈≈åæ“‡√ß§‘¡“„π™—Èπ GT ∫√‘‡«≥
„°≈â™—Èπ EP ¢Õß≈”µâπ·≈–„π™—Èπ MS ¢Õß°“∫„∫∑’Ë¡’°“√
‡ª≈’Ë¬π ¿“æ°≈—∫‰ª‡ªìπ‡π◊ÈÕ‡¬◊ËÕ‡®√‘≠ ´÷Ëß‡¡◊ËÕ‡π◊ÈÕ‡¬◊ËÕ
‡®√‘≠‡À≈à“π’È‰¥â√—∫Õ“À“√·≈–°“√°√–µÿâπ‚¥¬ÕÕ°´‘π®“°
¿“¬πÕ°„π√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¡’º≈™—°π”„Àâ‡°‘¥
°“√·∫àß‡´≈≈åÕ¬à“ß√«¥‡√Á« ‚¥¬¡’°“√·∫àß‡´≈≈å‡æ‘Ë¡¢÷Èπ
‡√◊ËÕ¬Ê ®π‡ªìπ°âÕπ·§≈≈—  ÷́Ëßª√–°Õ∫¥â«¬‡´≈≈åæ“‡√ß§‘¡“
√«¡°≈ÿà¡°—π  ‚¥¬∑—Ë«‰ª ‡π◊ÈÕ‡¬◊ËÕ¢Õßæ◊™∑’Ë “¡“√∂™—°π”„Àâ
‡°‘¥·§≈≈— ‰¥â ‰¥â·°à ·§¡‡∫’¬¡ §Õ√å‡∑°´å ¡—¥∑àÕ≈”‡≈’¬ß
·≈–æ‘∏ ‡ªìπµâπ  ‡π◊ËÕß®“°ª√–°Õ∫¥â«¬‡π◊ÈÕ‡¬◊ËÕ‡®√‘≠∑’Ë¬—ß
¡’™’«‘µ·≈– “¡“√∂·∫àß‡´≈≈å‡æ‘Ë¡®”π«π‰¥â ´÷Ëß¡’°“√»÷°…“
„π¢â“« æ∫«à“ “¡“√∂™—°π”„Àâ‡°‘¥·§≈≈— ®“° à«π≈”µâπ
·≈–ª≈“¬√“°‰¥â ‚¥¬¡’°“√·∫àß‡´≈≈åÕ¬à“ß√«¥‡√Á«„π
‡π◊ÈÕ‡¬◊ËÕ™—Èπ§Õ√å‡∑°´å¢Õß≈”µâπ·≈–√“°´÷Ëßª√–°Õ∫¥â«¬
‡´≈≈åæ“‡√ß§‘¡“·≈–‡´≈≈å‡®√‘≠®π “¡“√∂™—°π”„Àâ‡°‘¥
·§≈≈— ‰¥â (ª√–»“ µ√å, 2536)   πÕ°®“°π’È ¬—ß„Àâº≈„π
∑”πÕß‡¥’¬«°—∫ß“π∑¥≈Õß¢Õß ÿ∏‘¥“ (2534) ·≈– Dekker

·≈–§≥– (1991) ´÷Ëßæ∫«à“„π°“√‡°‘¥·§≈≈— ®“° à«π
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æ—≤π“‰ª‡ªìπ·§≈≈— ‡¡◊ËÕ‰¥â√—∫ÕÕ°´‘π®“°¿“¬πÕ°∑’Ë
‡À¡“– ¡

 √ÿªº≈°“√∑¥≈Õß

™‘Èπ à«π√Õ¬µàÕ√–À«à“ß√“°°—∫≈”µâπ¢Õß°√–‡®’¬«
 “¡“√∂™—°π”„Àâ‡°‘¥·§≈≈— ∫πÕ“À“√«ÿâπ Ÿµ√ MS ∑’Ë¡’
2,4-D Õ¬à“ß‡¥’¬«À√◊Õ 2,4-D √à«¡°—∫ BAP ‚¥¬Õ“À“√
∑’Ë¡’ 2,4-D ‡æ’¬ßÕ¬à“ß‡¥’¬«∑’Ë√–¥—∫§«“¡‡¢â¡ 0.125 ¡°/≈
¡’§«“¡‡À¡“– ¡∑’Ë ÿ¥ ·≈–™‘Èπ à«π∑’Ë¡’Õ“¬ÿ 2 ‡¥◊Õπ¡’§«“¡
‡À¡“– ¡„π°“√‡°‘¥·§≈≈— ¡“°°«à“Õ“¬ÿ 3 ·≈– 1 ‡¥◊Õπ
‚¥¬ —ππ‘…∞“π«à“·§≈≈— ¡’®ÿ¥°”‡π‘¥¡“®“°æ“‡√ß§‘¡“„π
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