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Abstract
Sontikul, Y. and Te-chato, S.
Plantlet regeneration and somaclonal variation in Anthurium cv. Sultan
through embryogenesis
Songklanakarin J. Sci. Technol., May 2007, 29(Suppl. 2) : 237-246

Calli of anthurium cv. Sultan were cultured on liquid or solid MMS (modified Murashige and Skoog)
medium. The solid medium was supplemented with 1.0-4.0 mg/l 2,4-D (2,4-dichlorophenoxyacetic acid) in
combination with 0.5 and 1.0 mg/l kinetin or 0.5, 0.75 and 1.0 mg/l TDZ (thidiazuron) with 0.5 and 1.0 mg/l
BA (N6-benzyladenine) for 16 weeks. The result showed that a cluster of embryogenic callus (1.3-1.5 cm)
was formed on medium with 2.0 mg/l 2,4-D and 0.5 mg/l kinetin (90%) and developed into shoot and shoot
with root (83.3% and 100%, respectively). The solid medium with 1.0 mg/l TDZ and 1.0 mg/l BA gave
66.67% embryogenic callus formation after culturing for 12 months. Liquid medium supplemented with 3.0
mg/l 2,4-D and 0.5 mg/l BA gave the best fresh weight of embryogenic callus (3.33 g). Regenerants obtained
from  BA  and  TDZ  containing  solid  medium  produced  abnormal  lanceolate  leaves.  Isozyme  markers
revealed different pattern of esterase activity in normal and abnormal leaves.

Key words : embryogenic callus, anthurium, isozyme, sultan, abnormal leaf
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π”·§≈≈— ¢ÕßÀπâ“«—«æ—π∏ÿå ≈µà“π¡“™—°π”‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— „πÕ“À“√·¢Áß À√◊ÕÕ“À“√‡À≈« Ÿµ√ MMS

(modified Murashige and Skoog) ‚¥¬Õ“À“√·¢Áß‡µ‘¡ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ 2,4-D (2,4-dichlorophenoxyacetic

acid) §«“¡‡¢â¡¢âπ 1-4 ¡°./≈‘µ√ √à«¡¥â«¬ Kinetin §«“¡‡¢â¡¢âπ 0.5 ·≈– 1.0 ¡°./≈‘µ√ À√◊Õ “√§«∫§ÿ¡°“√‡®√‘≠

‡µ‘∫‚µ TDZ (thidiazuron)  §«“¡‡¢â¡¢âπ 0.5, 0.75 ·≈– 1.0 ¡°./≈‘µ√  √à«¡¥â«¬  B
 
A (N

6
-benzyladenine)  §«“¡

‡¢â¡¢âπ 0.5 ·≈– 1.0 ¡°./≈‘µ√ ‡ªìπ‡«≈“ 16  —ª¥“Àå æ∫«à“ 2,4-D §«“¡‡¢â¡¢âπ 2 ¡°./≈‘µ√ √à«¡¥â«¬ Kinetin §«“¡

‡¢â¡¢âπ 0.5 ¡°./≈‘µ√  “¡“√∂™—°π”„Àâ‡°‘¥°≈ÿà¡¢Õß‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— ¢π“¥ 1.3-1.5 ´¡ ‰¥â¥’ (90%) ·≈–

 “¡“√∂æ—≤π“‡ªìπ¬Õ¥ ·≈–µâπ∑’Ë¡’√“°‰¥â¥’ (83.3% ·≈– 100% µ“¡≈”¥—∫)  à«π°“√‡æ“–‡≈’È¬ß„πÕ“À“√∑’Ë‡µ‘¡ TDZ

√à«¡°—∫ BA §«“¡‡¢â¡¢âπ 1.0 ¡°./≈‘µ√ ‡∑à“°—π  “¡“√∂™—°π”„Àâ‡°‘¥‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈—  66.67% ‡¡◊ËÕ‡æ“–‡≈’È¬ß

‡ªìπ√–¬–‡«≈“ 12 ‡¥◊Õπ  à«π°“√‡æ“–‡≈’È¬ß„πÕ“À“√‡À≈«‡µ‘¡ 2,4-D ‡¢â¡¢âπ 3 ¡°./≈‘µ√ √à«¡¥â«¬ B
 
A ‡¢â¡¢âπ 0.5

¡°./≈‘µ√ ‡ªìπ‡«≈“ 8  —ª¥“Àå „ÀâπÈ”Àπ—° ¥¢Õß‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈—  Ÿß ÿ¥ 3.33 °√—¡ µâπ∑’Ëæ—≤π“„πÕ“À“√·¢Áß

‡µ‘¡ TDZ ·≈– B
 
A ¢â“ßµâπ„Àâ„∫º‘¥ª°µ‘‡°‘¥‡ªìπ„∫‡√’¬«  ‡¡◊ËÕµ√«® Õ∫¥â«¬‡∑§π‘§‰Õ‚´‰´¡åæ∫«à“·∂∫‡Õπ‰´¡å

‡Õ ‡µÕ‡√ ∑’Ë‰¥âµà“ß°—∫„∫¢Õßµâπª°µ‘

‰¡âª√–¥—∫ °ÿ≈Àπâ“«—«‡ªìπ‰¡âµ—¥¥Õ°∑’Ë¡’√Ÿª√à“ß·ª≈°
µ“  ’ —π «¬ß“¡ ÕÕ°¥Õ°‰¥âµ≈Õ¥∑—Èßªï ¡’§«“¡∑π∑“πµàÕ
 ¿“æÕ“°“»∑’Ë√âÕπ™◊Èπ„πª√–‡∑»‰∑¬‡ªìπÕ¬à“ß¥’ ¥Õ°¡’§«“¡
·¢Áß·√ß¡’Õ“¬ÿ°“√„™âß“ππ“π°«à“ 10 «—π ®÷ß‡ªìπ∑’Ëπ‘¬¡¢Õß
µ≈“¥∑—Èß„π·≈–µà“ßª√–‡∑»   à«π„∫¢ÕßÀπâ“«—«¡’≈—°…≥–
·µ°µà“ß°—π‰ªÀ≈“¬·∫∫ ‡™àπ √ŸªÀ—«„® √Ÿª„∫ÀÕ° √Ÿª
 “¡‡À≈’Ë¬¡ À√◊Õ„∫ª√–°Õ∫·∫∫π‘È«¡◊Õ  π‘¬¡ª≈Ÿ°‡≈’È¬ß‡ªìπ
∑—Èßµ—¥¥Õ° ·≈–‰¡â°√–∂“ß («™‘√æß»å, 2545)  Àπâ“«—«
(Anthurium spp.) ¡’ 2 ™π‘¥„À≠àÊ ·µà≈–™π‘¥°Á¡’À≈“¬
æ—π∏ÿå §◊Õ A. andraeanum  à«π„À≠à„™âµ—¥¥Õ° ‡ªìπ∑’Ëπ‘¬¡
„πª√–‡∑»  ‚¥¬‡©æ“–æ—π∏ÿå∑’Ë¡’ ’ ¥  ‡™àπ  æ—π∏ÿå∑√Õªî§Õ≈
(Tropical)   à«π A. schzerianum ¡’®“π√Õß¥Õ° ’·µ°
µà“ß°—π  ·µà‰¡àπ‘¬¡ª≈Ÿ°‡≈’È¬ß„π‡¡◊Õß‰∑¬  ‡æ√“–µâÕß°“√
§«“¡‡¬Áπ·≈–§«“¡™◊Èπ Ÿß°«à“ A. andraeanum ´÷Ëß¡’ª≈’ßÕ
À√◊Õ‡ªìπ‡°≈’¬« ª≈Ÿ°‡ªìπ‰¡âµ—¥¥Õ° ·≈–‰¡â°√–∂“ß  ∑—Èßπ’È„π
·ºπæ—≤π“‡»√…∞°‘®·≈– —ß§¡·Ààß™“µ‘©∫—∫∑’Ë 7  ‰¥â¡’°“√
 àß‡ √‘¡„Àâª≈Ÿ°‰¡âª√–¥—∫ °ÿ≈Àπâ“«—«‡ªìπ‰¡âµ—¥¥Õ°‡æ’ËÕ°“√
 àßÕÕ° ( ÿ√«‘™, 2541) ‡æ√“–‰¡âª√–¥—∫ °ÿ≈Àπâ“«—«∑’Ë„™âµ—¥
¥Õ°°”≈—ß‡ªìπ∑’ËµâÕß°“√¢Õßµ≈“¥‚≈° ‚¥¬‡©æ“–µ≈“¥„À≠à
„π‡Õ‡™’¬  ‡™àπ  ª√–‡∑»≠’ËªÿÉπ  ¡’§«“¡µâÕß°“√π”‡¢â“¥Õ°

Àπâ“«—«®“°ª√–‡∑»‰∑¬„πª√‘¡“≥¡“°  æ—π∏ÿå∑’Ëπ‘¬¡ ‰¥â·°à
æ—π∏ÿå´‘¡∫“ (Simba)   ÿ≈µà“π (Sultan)  ·≈–·Õß‡®‘≈
(Angle)  ´÷Ëß‡πâπ ’ÕàÕπ  ‡™àπ  ’‡¢’¬«   ’™¡æŸ ‡ªìπ à«π„À≠à
„π®”π«ππ’Èæ—π∏ÿå ÿ≈µà“π‡ªìπæ—π∏ÿå∑’Ëπà“ π„®¡“°∑’Ë ÿ¥‡π◊ËÕß®“°
¥Õ°¡’≈—°…≥–‡ªìπ·∫∫‚Õ∫“‡°– (obake) ®“π√Õß¥Õ°√Ÿª
À—«„®¢π“¥„À≠à  ’™¡æŸÕàÕπ ¢Õ∫∑“ß¥â“π‚§π∫√‘‡«≥ÀŸ®“π
√Õß¥Õ°¡’ ’‡¢’¬« √àÕßπÈ”µ“µ◊Èπ ª≈’ ’‡À≈◊Õß ª≈“¬ ÿ¥·≈–™à«ß
‚§π¡’ ’‡¢’¬«™’Èµ—Èß¢÷Èπ √“§“µàÕ¥Õ° Ÿß°«à“æ—π∏ÿå∑’Ë‰¡à „™à‚Õ∫“‡°–
·µà°“√º≈‘µ¿“¬„πª√–‡∑»¢≥–π’È¬—ß¡’‰¡à‡æ’¬ßæÕ  ¥—ßπ—Èπ°“√
º≈‘µ‰¡â¥Õ°„π °ÿ≈π’Èπ—∫‡ªìπ∏ÿ√°‘®∑’Ëπà“ π„®

°“√º≈‘µ¥Õ°Àπâ“«—«„πª√–‡∑»‰∑¬¬—ßª√– ∫ªí≠À“
°“√≈ß∑ÿπ Ÿß ·≈–ªí≠À“‡√◊ËÕßµâπæ—π∏ÿå´÷Ëßµâπæ—π∏ÿå∑’Ë¢¬“¬æ—π∏ÿå
‚¥¬«‘∏’ª°µ‘®–„™â‡«≈“π“π   à«πµâπæ—π∏ÿå®“°°“√‡æ“–‡≈’È¬ß
‡π◊ÈÕ‡¬◊ËÕ®–„™â√–¬–‡«≈“∑’ËπâÕ¬°«à“ª√–¡“≥ 12-13 ‡¥◊Õπ
(Kuehnle and Sugii, 1992)  ·µà°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕ
‚¥¬ºà“π°“√æ—≤π“°√–∫«π°“√ÕÕ·°‚π‡®ππ‘´‘ ‰¡à “¡“√∂
º≈‘µµâπæ—π∏ÿå‰¥â∑—πµàÕ§«“¡µâÕß°“√ ®÷ß¡’°“√æ—≤π“°“√™—°π”
µâπÕàÕπ  (somatic  embryo)  ºà“π°√–∫«π°“√‡ÕÁ¡∫√‘‚Õ-
‡®ππ‘´‘   ´÷Ëß«‘∏’π’È®– “¡“√∂√àπ√–¬–‡«≈“‰¥âª√–¡“≥ 3-4
‡¥◊Õπ ‡π◊ËÕß®“°‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— ‡ªìπ·§≈≈— ∑’Ë¡’°“√
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‡®√‘≠∑—Èß 2 ∑“ß §≈â“¬°“√ßÕ°¢Õß‡¡≈Á¥ §◊Õ¡’°“√æ—≤π“¢Õß
¬Õ¥·≈–√“°æ√âÕ¡°—π‚¥¬¡’‚ª√·§¡‡∫’¬¡‡™◊ËÕ¡∂÷ß°—π (Geier,
1982; Kuehnle and Sugii, 1992)  ®“°§ÿ≥ ¡∫—µ‘
¥—ß°≈à“«®÷ß “¡“√∂π”‰ªº≈‘µ‡ªìπ‡¡≈Á¥‡∑’¬¡∑”„Àâ¢π àß‰¥â
 –¥«°¢÷Èπ ¡’°“√√“¬ß“π°“√™—°π”„Àâ‡°‘¥‡ªìπ‡ÕÁ¡∫√‘‚Õ‡®π
π‘§·§≈≈— ¢ÕßÀπâ“«—«‰¥â‡ªìπ§√—Èß·√°‚¥¬ Kuehnle ·≈–
Sugii (1991) „πÕ“À“√‡µ‘¡ BA (N6-benzyladenine)
·≈– 2,4-D (2,4-dichlorophenoxyacetic acid) ®“°π—Èπ
‰¥â¡’°“√æ—≤π“µàÕ¡“‚¥¬¡’°“√„™âŒÕ√å‚¡π„π°≈ÿà¡µà“ßÊ ‡™àπ
2,4-D √à«¡°—∫ Kinetin (Kuehnle and Sugii, 1992;
Hamidah et al., 1997)  ·≈–°“√„™â TDZ (thidiazuron)
√à«¡°—∫ BA (∏—≠≠“æ√, 2547)  πÕ°®“°π’È¬—ß¡’°“√»÷°…“
°“√™—°π”‡ÕÁ¡∫√‘ ‚Õ‡®ππ‘§·§≈≈— „πæ◊™À≈“¬™π‘¥ ‡™àπ
°ÿÀ≈“∫ (Hsia and Korban, 1996) Golden pothos
(Zhang et al., 2005)  ‡ªìπµâπ

„π°“√»÷°…“π’È‡ªìπ°“√√“¬ß“πº≈¢Õß “√§«∫§ÿ¡°“√
‡®√‘≠‡µ‘∫‚µ„π°“√™—°π”„Àâ¡’°“√æ—≤π“‡ªìπæ◊™µâπ„À¡à‚¥¬
°√–∫«π°“√‡ÕÁ¡∫√‘ ‚Õ‡®ππ‘´‘   ·≈–§«“¡·ª√ª√«π∑“ß
æ—π∏ÿ°√√¡∑’Ë‡°‘¥‚¥¬°√–∫«π°“√¥—ß°≈à“«

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

«— ¥ÿæ◊™

°“√»÷°…“π’È „™âÀπâ“«—« “¬æ—π∏ÿå ÿ≈µà“π´÷Ëß‡ªìπ™‘Èπ à«π
®“°À≈Õ¥∑¥≈Õß∑’Ë‡æ“–‡≈’È¬ß„πÕ“À“√·¢Áß Ÿµ√ MMS
(modified Murashige and Skoog) ‡µ‘¡ BA √à«¡°—∫
TDZ §«“¡‡¢â¡¢âπ‡∑à“°—π 0.5 ¡°./≈‘µ√  ‡æ“–‡≈’È¬ß∑’Ë§«“¡
‡¢â¡· ß 1,300 ≈—°´å  „Àâ· ß 14  ™—Ë«‚¡ß/«—π  Õÿ≥À¿Ÿ¡‘
26±2oC „™â™‘Èπ à«π¢Õß„∫·≈–¢âÕ ‡æ“–‡≈’È¬ß„πÕ“À“√‚¥¬
µ√ß  ·≈–„™â™‘Èπ à«π‡À≈à“π’È„π°“√»÷°…“™—°π”°“√‡°‘¥‡ÕÁ¡-
∫√‘‚Õ‡®ππ‘§·§≈≈— µàÕ‰ª

«‘∏’°“√∑¥≈Õß

1. »÷°…“º≈¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µµàÕ°“√™—°π”

·≈–‡æ‘Ë¡ª√‘¡“≥‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— 

‡æ“–‡≈’È¬ß·§≈≈— „πÕ“À“√ Ÿµ√ MMS √à«¡¥â«¬ “√
§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∑’Ë·µ°µà“ß°—π 4 ™π‘¥ §◊Õ

™π‘¥∑’Ë 1 2,4-D §«“¡‡¢â¡¢âπ 1-4 ¡°./≈‘µ√ ·≈–
Kinetin 0.5 ·≈– 1.0 ¡°./≈‘µ√

™π‘¥∑’Ë 2 TDZ §«“¡‡¢â¡¢âπ 0.75 ·≈– 1.0 ¡°./
≈‘µ√ ·≈– BA 0.5 ·≈–1.0 ¡°./≈‘µ√

‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3% ·≈–‰øµ“‡®≈ 0.17% ª√—∫
pH 5.7 ‡æ“–‡≈’È¬ß∑’Ë§«“¡‡¢â¡· ß 1,300 ≈—°´å „Àâ· ß 14
™—Ë«‚¡ß/«—π  Õÿ≥À¿Ÿ¡‘ 26±2oC  ∫—π∑÷°¢π“¥¢Õß·§≈≈— ∑’Ë
‡æ‘Ë¡¢÷Èπ  ·≈–°“√‡°‘¥‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈—   ®”π«π¬Õ¥
·≈–®”π«π√“°‡ª√’¬∫‡∑’¬∫°—π„π·µà≈–∑√’µ‡¡πµåÀ≈—ß°“√
‡æ“–‡≈’È¬ß 16  —ª¥“Àå  ‚¥¬„π·µà≈–∑√’µ‡¡πµå∑” 5 ´È”Ê
≈– 20 ™‘Èπ à«π

2. »÷°…“°“√™—°π”‡ÕÁ¡∫√‘‚Õ‡®ππ‘§´— ‡æπ™—Ëπ

π”‡ÕÁ¡∫√‘ ‚Õ‡®ππ‘§·§≈≈—  0.5 °√—¡ ‡æ“–‡≈’È¬ß„π
Õ“À“√‡À≈« Ÿµ√ MMS ‡µ‘¡ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∑’Ë
·µ°µà“ß°—π¥—ßπ’È§◊Õ

™π‘¥∑’Ë 1 2,4-D ‡¢â¡¢âπ 1-4 ¡°./≈‘µ√ ·≈– Kinetin
0.1, 0.5 ·≈– 1.0 ¡°./≈‘µ√

™π‘¥∑’Ë 2 2,4-D ‡¢â¡¢âπ 1-4 ¡°./≈‘µ√ ·≈– BA
0.5 ·≈– 1.0 ¡°./≈‘µ√

Õ“À“√∑ÿ° Ÿµ√‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3% ·≈–ª√—∫ pH
5.7 ‡æ“–‡≈’È¬ß„πø≈“ °å ¢π“¥ 125 ¡≈ ∫√√®ÿÕ“À“√ 15
¡≈ «“ß‡≈’È¬ß∫π‡§√◊ËÕß‡¢¬à“¥â«¬§«“¡‡√Á«§ß∑’Ë 80 √Õ∫/π“∑’
∑’Ë§«“¡‡¢â¡· ß 1,300 ≈—°´å „Àâ· ß 14 ™—Ë«‚¡ß/«—π Õÿ≥À¿Ÿ¡‘
26±2oC ¬â“¬‡≈’È¬ß∑ÿ° 4  —ª¥“Àå ‡ªìπ‡«≈“ 8  —ª¥“Àå ™—Ëß
πÈ”Àπ—° ¥·§≈≈—  ‡ª√’¬∫‡∑’¬∫°—π„π·µà≈–§«“¡‡¢â¡¢âπ¢Õß
 “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ ‚¥¬„π·µà≈– ‘Ëß∑¥≈Õß∑” 5 ́ È”Ê
≈– 10 ™‘Èπ

3. »÷°…“°“√ßÕ°¢Õß‚´¡“µ‘°‡ÕÁ¡∫√‘‚Õ

π”™‘Èπ à«π‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— ‡æ“–‡≈’È¬ß„πÕ“À“√
2 ™π‘¥ §◊Õ

™π‘¥∑’Ë 1 MS À√◊Õ 1/2 MS ª√“»®“° “√§«∫§ÿ¡
°“√‡®√‘≠‡µ‘∫‚µ

™π‘¥∑’Ë 2 MS À√◊Õ 1/2 MS ‡µ‘¡ IBA À√◊Õ NAA
§«“¡‡¢â¡¢âπ 0.5-1.0 ¡°./≈‘µ√

Õ“À“√∑ÿ° Ÿµ√‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3% «ÿâπ Agar-agar
§«“¡‡¢â¡¢âπ 0.75% ·≈–ª√—∫ pH 5.7 ‡æ“–‡≈’È¬ß„π¢«¥
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4 ÕÕπ´å ∫√√®ÿÕ“À“√ 15 ¡≈ ¿“¬„µâ§«“¡‡¢â¡· ß 1,300
≈—°´å „Àâ· ß 14 ™—Ë«‚¡ß/«—πÕÿ≥À¿Ÿ¡‘ 26±2oC ¬â“¬‡≈’È¬ß∑ÿ°
4  —ª¥“Àå ‡ªìπ‡«≈“ 8  —ª¥“Àå ∫—π∑÷°®”π«π¬Õ¥ §«“¡
¬“«¬Õ¥ ®”π«π√“° ‡ª√’¬∫‡∑’¬∫°—π„π·µà≈– Ÿµ√Õ“À“√·≈–
 “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ

4. »÷°…“º≈¢Õß√–¬–‡«≈“°“√¬â“¬‡≈’È¬ßµàÕ°“√‡°‘¥

‚´¡“µ‘°‡ÕÁ¡∫√‘‚Õ ·≈–≈—°…≥–º‘¥ª°µ‘

π”‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— «“ß‡≈’È¬ß„πÕ“À“√·¢Áß Ÿµ√
MMS ‡µ‘¡ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ TDZ √à«¡¥â«¬ BA
§«“¡‡¢â¡¢âπ‡∑à“°—π 1.0 ¡°./≈‘µ√ ‡µ‘¡πÈ”µ“≈´Ÿ‚§√  3%
·≈–‰øµ“‡®≈ 0.17% ª√—∫ pH 5.7 ‡æ“–‡≈’È¬ß∑’Ë§«“¡‡¢â¡
· ß 1,300 ≈—°´å „Àâ· ß 14 ™—Ë«‚¡ß/«—π Õÿ≥À¿Ÿ¡‘ 26±2oC
¬â“¬‡≈’È¬ß∑ÿ° 4  —ª¥“Àå ∫—π∑÷°Õ—µ√“°“√‡°‘¥‚´¡“µ‘°‡ÕÁ¡∫√‘‚Õ
≈—°…≥–∑“ß —≥∞“π¢Õßµâπº‘¥ª°µ‘∑’Ë‡°‘¥¢÷Èπ À≈—ß‡æ“–‡≈’È¬ß
1, 3, 6, 9, 12, 15 ·≈– 18 ‡¥◊Õπ  µ√«® Õ∫≈—°…≥–
º‘¥ª°µ‘¥â«¬‡∑§π‘§‰Õ‚´‰´¡å‚¥¬‡°Á∫„∫¢ÕßµâπÀπâ“«—«∑’Ë¡’
≈—°…≥–º‘¥ª°µ‘  ·≈–„∫®“°µâπ∑’Ëª°µ‘·¬°µâπ  ¡“ °—¥
‡Õπ‰´¡å¥â«¬∫—ø‡øÕ√å ª√‘¡“µ√ 5 ‡∑à“¢ÕßπÈ”Àπ—°„∫æ◊™
„π‚°√àß‡¬Áπ®π≈–‡Õ’¬¥ ·≈â«®÷ßπ”¢Õß‡À≈«∑’Ë‰¥â‡∑„ àÀ≈Õ¥
‡Õø‡æπ¥Õ√åøªíòπ‡À«’Ë¬ß¥â«¬‰¡‚§√‡´πµ√‘øî«°å∑’Ë 12,000
√Õ∫/π“∑’  π“π 15 π“∑’  ∑’ËÕÿ≥À¿Ÿ¡‘ 4oC  ¥Ÿ¥ “√≈–≈“¬
 à«π„ „ àÀ≈Õ¥‡Õø‡æπ¥Õ√åø∑’Ë –Õ“¥ ·≈â«·¬°‡ÕÁπ‰´¡å

¥â«¬‡§√◊ËÕßÕ‘‡≈Á°‚µ√‚ø√‘´‘ ·π«µ—Èß „™âµ—«°≈“ß‡ªìπ‡®≈‚æ≈’
Õ–§√‘≈“‰¡¥å·∫∫‰¡àµàÕ‡π◊ËÕß ¿“¬„µâ°√–· ‰øøÑ“§ß∑’Ë 100
‚«≈µå  ‡ªìπ‡«≈“ 90 π“∑’  µ√«® Õ∫‡ÕÁπ‰´¡å„π√–∫∫
·Õ≈ø“‡Õ ‡µÕ‡√   (α-esterase; EST)  ¬âÕ¡ ’„π∑’Ë¡◊¥ ∫π
‡§√◊ËÕß‡¢¬à“∑’Ë§«“¡‡√Á« 80 √Õ∫/π“∑’ ®π‡ÀÁπ·∂∫‰´‚¡·°√¡
™—¥‡®π  ‰¡à‡ª≈’Ë¬π·ª≈ß  ·≈â«®÷ß≈â“ß¥â«¬πÈ”°≈—Ëπ 2-3 §√—Èß
∫—π∑÷°º≈∑”°“√‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß¢Õß‰´‚¡·°√¡

º≈°“√∑¥≈Õß

1. º≈¢Õß “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µµàÕ°“√™—°π”  ·≈–

°“√‡æ‘Ë¡ª√‘¡“≥‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— 

®“°°“√‡æ“–‡≈’È¬ß·§≈≈— Àπâ“«—«„πÕ“À“√·¢Áß Ÿµ√
MMS √à«¡¥â«¬ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∑’Ë·µ°µà“ß°—π
‡ªìπ‡«≈“ 16  —ª¥“Àå æ∫«à“ °“√„™â 2,4-D §«“¡‡¢â¡¢âπ
2 ¡°./≈‘µ√ √à«¡¥â«¬ Kinetin §«“¡‡¢â¡¢âπ 0.5 ¡°./≈‘µ√
™—°π”„Àâ‡°‘¥°≈ÿà¡¢Õß‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— ¢π“¥ 1.3-1.5
´¡ ‰¥â¥’ (90%) ·≈– “¡“√∂æ—≤π“‡ªìπ¬Õ¥ ·≈–µâπ∑’Ë¡’
√“°‰¥â¥’ (83.3% ·≈– 100% µ“¡≈”¥—∫) (Table 1)  à«π
Õ“À“√‡µ‘¡ TDZ √à«¡°—∫ BA §«“¡‡¢â¡¢âπ‡∑à“°—π 1.0
¡°./≈‘µ√ ¡’°“√æ—≤π“ √â“ß‡ªìπ‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈—  Ÿß
(66.67%) (Table 2) ·≈–æ∫«à“¡’°≈ÿà¡¢Õß‡ÕÁ¡∫√‘‚Õ™ÿ¥∑’Ë
 Õß (secondary embryo) ‡°‘¥¢÷Èπ (Figure 1)

Table 1. Effect of 2,4-D and kinetin on shoot and somatic embryo formation from calli initiated from
nodal explants after 16 weeks of culture.

2,4-D Kinetin Calli producing Mean no. of Calli Mean no. of Calli Size of Size of
-- (mg/l) -- shoots with shoots with root producing shoots (per producing embryo callus

root (%) (per callus) ± SD shoots (%) callus) ± SD embryos (%) callus * (cm) ± SD

1 0.5 100 6.8±1.3 22 0.4±0.5 60 2 1.15±0.12
1 1.0 100 8.7±1.9 87.5 3.0±1.2 50 1 1.29±0.05
2 0.5 100 7.4±2.7 83.3 2.0±1.1 90 5 1.37±0.11
2 1.0 100 8.0±4.0 83.3 3.3±3.8 40 3 1.51±0.14
3 0.5 100 7.65±2.4 50 1.3±1.6 100 6 1.45±0.14
3 1.0 80 4.9±2.7 40 2.0±2.1 70 4 1.49±0.13
4 0.5 77 5.65±3.2 55.5 1.4±1.0 60 3 1.28±0.11
4 1.0 100 8.05±4.9 50 0.8±0.3 100 6 1.35±0.22

* Size of embryogenic callus
Score 0 1 2 3 4 5 6
Size (mm) 0  1- 3  4-6  7-9 10-12 13-15 16-18
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2. °“√™—°π”‡ÕÁ¡∫√‘‚Õ‡®ππ‘§ —́ ‡æπ™—Ëπ

®“°°“√‡æ“–‡≈’È¬ß‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— „πÕ“À“√
‡À≈« Ÿµ√ MMS ‡µ‘¡ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∑’Ëµà“ß°—π
‡ªìπ‡«≈“ 8  —ª¥“Àå æ∫«à“ °“√‡µ‘¡ 2,4-D ‡¢â¡¢âπ 1 ¡°./
≈‘µ√ √à«¡°—∫ Kinetin 0.5 ¡°./≈‘µ√ ·≈–°“√‡µ‘¡ 2,4-D
‡¢â¡¢âπ 3 ¡°./≈‘µ√ √à«¡°—∫ BA ‡¢â¡¢âπ 0.5 ¡°./≈‘µ√ „Àâ
πÈ”Àπ—° ¥¢Õß‡ÕÁ¡∫√‘ ‚Õ‡®ππ‘§·§≈≈—  Ÿß ÿ¥ 2.71 °√—¡
(Table 3) ·≈– 3.33 °√—¡ (Table 4) µ“¡≈”¥—∫ ‡ÕÁ¡∫√‘‚Õ
‡®ππ‘§·§≈≈— ¡’°“√‡æ‘Ë¡ª√‘¡“≥„π —ª¥“Àå∑’Ë 8 À≈—ß°“√‡æ“–
‡≈’È¬ß ·≈–‡√‘Ë¡ √â“ß¬Õ¥√«¡„π —ª¥“Àå∑’Ë 12 À≈—ß°“√‡æ“–
‡≈’È¬ß (Figure 2)

3. °“√ßÕ°¢Õß‚´¡“µ‘°‡ÕÁ¡∫√‘‚Õ

®“°°“√™—°π”°“√ßÕ°¢Õß‚´¡“µ‘°‡ÕÁ¡∫√‘‚Õ‚¥¬‡æ“–

‡≈’È¬ß„πÕ“À“√ Ÿµ√ 1/2 MS ·≈– MS ·µà≈– Ÿµ√Õ“À“√‡µ‘¡
NAA ·≈– IBA æ∫«à“‚´¡“µ‘°‡ÕÁ¡∫√‘‚Õ¡’°“√æ—≤π“®“°
√–¬–√Ÿª°≈¡  À—«„®  ∑Õ√åªî‚¥ ·≈– √â“ß„∫‡≈’È¬ß (Figure 2)
‚´¡“µ‘°‡ÕÁ¡∫√‘‚Õ„πÕ“À“√ Ÿµ√ MS  “¡“√∂ √â“ß¬Õ¥·≈–
√“°‰¥â 100%  ¡’®”π«π√“°‡©≈’Ë¬ 5 √“°  ¬“« 1.5 ´¡.
·≈–„∫¡’§«“¡¬“«‡©≈’Ë¬ 1.35 ´¡ (Table 3, Figure 3)

4. º≈¢Õß√–¬–‡«≈“„π°“√¬â“¬‡≈’È¬ßµàÕ°“√‡°‘¥‚´¡“µ‘°

‡ÕÁ¡∫√‘‚Õ ·≈–≈—°…≥–º‘¥ª°µ‘

·§≈≈— Àπâ“«—«æ—π∏ÿå ÿ≈µà“π∑’Ë‡æ“–‡≈’È¬ß„πÕ“À“√·¢Áß
 Ÿµ√ MMS ‡µ‘¡ TDZ √à«¡¥â«¬ BA §«“¡‡¢â¡¢âπ‡∑à“°—π
1.0 ¡°./≈‘µ√ ∑”°“√¬â“¬‡≈’È¬ß„πÕ“À“√ Ÿµ√‡¥‘¡∑ÿ° 4  —ª¥“Àå
‡ªìπ‡«≈“ 18 ‡¥◊Õπ  √â“ß‚´¡“µ‘°‡ÕÁ¡∫√‘‚Õ Ÿß„π™à«ß‡¥◊Õπ∑’Ë
3 (66.67%) ‡ÕÁ¡∫√‘‚Õ‡√‘Ë¡ßÕ°„π‡¥◊Õπ∑’Ë 6 À≈—ß°“√‡æ“–

Table 2. Effect of TDZ and BA on shoot and somatic embryo formation from calli initiated from nodal
explants after 16 weeks of culture.

 TDZ   BA Calli producing Mean no. of Calli Mean no. of Calli Size of
-- (mg/l) -- shoots with shoots with root producing shoots (per producing callus (cm)

root (%) (per callus) ± SD shoots (%) callus) ± SD embryos (%) ± SD

0.5 0.5 40 6.6 100 17±2.9 0 2.02±0.1
0.75 0.5 45 6.0 75 13±3.4 25 2.01±0.2
1.0 0.5 0 0 55 13±2.4 45 1.74±0.2
1.0 1.0 0 0 33.33 17±2.2 66.67 2.00±0.1

Table 3. Effect of 2,4-D and kinetin on shoot and somatic embryo formation from
embryogenic callus after 8 week of culture in liquid MMS medium.

2,4-D Kinetin Fresh weight of embryogenic callus (g) Remarks
     -------mg/l-------

1 0.1 2.26 -
1 0.5 2.71 -
1 1 0.99 -
2 0.1 2.32 -
2 0.5 2.42 -
2 1 1.59 -
3 0.1 1.35 -
3 0.5 1.80 -
3 1 1.25 -
4 0.1 1.02 -
4 0.5 1.5 -
4 1 0.65 Browning
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Figure 1. Somatic embryos (SE) germinated and developed into shoots subsequent to
production of secondary somatic embryo (SSE) at the basal part.

Figure 2. Somatic embryo obtained in suspension culture after (A) 4 weeks (B) 8 weeks and
(C) 12 weeks.

Figure 3. Anthurium somatic embryogenesis at various stage. A: torpedo embryo, B: heart
shape with root (R) and C: mature embryo forming shoot (S)

[Color figure can be viewed in the electronic version]

‡≈’È¬ß ·≈–æ∫Õ“°“√º‘¥ª°µ‘∑’Ë à«π¢Õß„∫„π‡¥◊Õπ∑’Ë 12 ¢Õß
°“√‡æ“–‡≈’È¬ß (Table 4) „∫¢Õßµâπ∑’Ë‡®√‘≠¡’≈—°…≥–‡√’¬«
‡≈Á°§≈â“¬√ŸªÀÕ° (Figure 4) ‡¡◊ËÕµ√«® Õ∫‡ÕÁπ‰´¡å„π
√–∫∫·Õ≈ø“‡Õ ‡µÕ‡√ ®“°µâπ∑’Ë≈—°…≥–„∫‡√’¬«¬“«°—∫„∫
ª°µ‘ æ∫«à“ „∫‡√’¬«∑’Ë‰¥â¡’√Ÿª·∫∫¢Õß‰´‚¡·°√¡∑’Ë·µ°µà“ß
°—∫„∫¢Õßµâπª°µ‘ (Figure 5)

«‘®“√≥åº≈

°“√»÷°…“°“√„™â “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ„π°“√
™—°π”°“√‡°‘¥‡ÕÁ¡∫√‘ ‚Õ‡®ππ‘§·§≈≈—  ‚¥¬°“√„™â 2,4-D
§«“¡‡¢â¡¢âπ 2 ¡°./≈‘µ√ ·≈– kinetin §«“¡‡¢â¡¢âπ 0.5
¡°./≈‘µ√   “¡“√∂™—°π”„Àâ‡°‘¥°≈ÿà¡¢Õß‡ÕÁ¡∫√‘‚Õ‡®ππ‘§-
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·§≈≈— ¢π“¥ 1.3-1.5 ´¡. ‰¥â¥’∑’Ë ÿ¥ 90% ·≈– “¡“√∂
æ—≤π“‡ªìπ¬Õ¥ (83.3%) ·≈–µâπ∑’Ë¡’√“°‰¥â¥’ (100%) „π
¢≥–∑’Ë Hamidah ·≈–§≥– (1997) ‰¥â√“¬ß“π°“√™—°π”
‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— „πÀπâ“«—« A. scherzerianum ‚¥¬
µâÕß„™â 2,4-D ∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß°«à“°“√»÷°…“π’È∂÷ß 2 ‡∑à“
(4 ¡°./≈‘µ√)   à«π°“√„™â “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ„π°≈ÿà¡
‰´‚µ‰§π‘π§◊Õ TDZ √à«¡°—∫ BA π—Èπ¡’√“¬ß“π«à“°“√„™â∑’Ë
§«“¡‡¢â¡¢âπ‡∑à“°—π 0.5 ¡°./≈‘µ√  “¡“√∂™—°π”„Àâ‡°‘¥ MNC
(meristematic nodular callus) (∏—≠≠“æ√, 2547) ‡¡◊ËÕ
‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß TDZ ·≈– BA §«“¡‡¢â¡¢âπ‡∑à“°—π
1.0 ¡°./≈‘µ√  „π°“√»÷°…“π’È “¡“√∂™—°π”„Àâ‡°‘¥‚´¡“µ‘§

‡ÕÁ¡∫√‘‚Õ ‚¥¬¡’Õ—µ√“°“√‡°‘¥‡ÕÁ¡∫√‘‚Õ Ÿß ÿ¥∑’Ë 66.67% ‡π◊ËÕß
®“° TDZ ·≈– BA ‡ªìπ “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ„π
°≈ÿà¡‰´‚µ‰§π‘π ´÷Ëß®– àß‡ √‘¡°“√ —ß‡§√“–Àå‚ª√µ’π  àß‡ √‘¡
°“√·∫àß‡´≈≈åÕ¬à“ß√«¥‡√Á« ( ¡æ√, 2541; Houssa et al.,
1990)   ™π‘¥¢Õß‰´‚µ‰§π‘π∑’Ë „™â√à«¡°—π°Á¡’º≈µàÕ§«“¡
 “¡“√∂„π°“√™—°π”À√◊Õ°“√‡æ‘Ë¡ª√‘¡“≥·§≈≈—  À≈—ß°“√
¬â“¬‡≈’È¬ß„πÕ“À“√ Ÿµ√‡¥‘¡‡ªìπ√–¬–‡«≈“ 6 ‡¥◊Õπ ‚´¡“µ‘§
‡ÕÁ¡∫√‘ ‚Õ¡’°“√æ—≤π“‡ªìπµâπ∑’Ëª°µ‘·≈– “¡“√∂æ∫µâπ∑’Ë
· ¥ß≈—°…≥–„∫º‘¥ª°µ‘‡°‘¥‡ªìπ„∫‡√’¬«‰¥â„π‡¥◊Õπ∑’Ë 12
À≈—ß°“√‡æ“–‡≈’È¬ß ‡¡◊ËÕµ√«® Õ∫¥â«¬‡∑§π‘§‰Õ‚´‰´¡å æ∫«à“
·∂∫‡Õπ‰´¡å∑’Ë ‰¥âµà“ß°—∫µâπª°µ‘ ´÷Ëß≈—°…≥–¥—ß°≈à“«Õ“®

Table 4. Effect of 2,4-D and BA on shoot and somatic embryo formation from
culturing embryogenic callus in liquid MMS medium for 8 weeks.

2,4-D BA Fresh weight of embryogenic callus (g) Remarks
     ------mg/l------

1 0.5 1.94 -
1 1 1.36 -
2 0.5 2.14 -
2 1 1.44 -
3 0.5 3.33 -
3 1 1.42 -
4 0.5 2.18 -
4 1 1.21 Browning

Figure 4. Shoots  developed  into  plantlets  with
roots on MMS medium supplemented
with different kinds of auxins after 8
weeks of culture.

Figure 5. Lanceolate leaves botained from germ-
inated embryo after culturing for 12
months on MMS medium with 1.0 mg/l
TDZ and 1.0 mg/l BA.

[Color figure can be viewed in the electronic version]
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Figure 6. Zymogram of esterase obtained from lanceolated and normal leaves (lane 1,2:
lanceolaated leaves, lane 3,4: normal leaves) (Arrows show different position of
zymogram).

[Color figure can be viewed in the electronic version]

Table 5. Development of embryogenic callus culturing on 1/2 MS and MS medium supplemented with
different kinds of auxin  for 8 weeks.

   Culture Avg. no. of Avg root Avg. no. of Avg leaf Chlorosis Calli Size of
   medium roots/shoot length (cm) leafs/shoot length (cm) (%) Producing callus (cm)

± SD ± SD ± SD ± SD embryos (%) ± SD

1/2 MS 3.8±1.0 1.95±0.47     4.3±0.82 0.97±0.27 0 0 0
1/2 MS1IBA  5.7±1.57 1.26±0.35     4.7±1.34   1.2±0.25 20 20 0.08±0.19
1/2 MS1NAA     3±0.67 1.41±0.35 2.95±0.5      1±0.25 90 60 0.35±0.34
MS     5±1.56 1.51±0.44        5±0.67 1.35±0.35 0 0 0
MS1IBA  4.5±1.18 1.04±0.56     4.8±0.63 1.08±0.32 30 0 0
MS1NAA  2.2±0.63 0.83±0.20   2.32±0.82 0.73±0.18 80 0 0

Table 6. Percentage of somatic embryo formation and leaf morphology at different
subculturing times.

Observation

Somatic embryo (%) Lanceolated leaves (%) Normal leaves (%)

1 - - -
3 66.67 - -
6 50 - 100
9 25 - 100
12 - 30 70
15 - 50 50
18 - 100 -

Time of culture
(months)
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ªï∑’Ë 29 (©∫—∫æ‘‡»… 2) æƒ…¿“§¡ 2550 : ∫—≥±‘µ»÷°…“
Õ‘∑∏‘æ≈¢ÕßÕ“À“√·≈– “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ¢ÕßÀπâ“«—«æ—π∏ÿå ÿ≈µà“π

‡¬“«æ√√≥   π∏‘°ÿ≈ ·≈–  ¡ªÕß  ‡µ™–‚µ245

º—π·ª√‡π◊ËÕß®“°ªØ‘°‘√‘¬“√à«¡°—π√–À«à“ßæ—π∏ÿ°√√¡¢Õßæ◊™
·≈–°“√„™â “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ∑’Ë¡’§«“¡‡¢â¡¢âπ ŸßµàÕ
‡π◊ËÕß°—π‡ªìπ‡«≈“π“π  Kuehnel ·≈–§≥– (1992) √“¬ß“π
«à“„π√–¬–·√°¢Õß°“√™—°π”‡ÕÁ¡∫√‘‚Õ‡®ππ‘´‘ „πÀπâ“«—« A.
andraeanum ≈Ÿ°º ¡®–‡°‘¥‰¥â‡√Á«À“°„™âÕÕ°´‘π§«“¡
‡¢â¡¢âπ Ÿß ·µàÀ≈—ß®“°™—°π”·≈â«§«√≈¥§«“¡‡¢â¡¢âπ„ÀâµË”≈ß
À√◊Õ‰¡à„™â‡≈¬ πÕ°®“°π’È™π‘¥¢Õß‰´‚µ‰§π‘π∑’Ë„™â√à«¡°Á¡’º≈
µàÕ§«“¡ “¡“√∂„π°“√™—°π”À√◊Õ°“√‡æ‘Ë¡ª√‘¡“≥·§≈≈—  ·≈–
≈—°…≥–∑“ß —≥∞“π¢Õß‚´¡“µ‘°‡ÕÁ¡∫√‘‚Õ∑’Ë‰¥â (Bhansali
et al., 1990) ‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— ¡’°“√‡æ‘Ë¡ª√‘¡“≥‰¥â¥’
‚¥¬°“√‡æ“–‡≈’È¬ß„πÕ“À“√‡À≈« Ÿµ√ MMS ‡µ‘¡ 2,4-D
‡¢â¡¢âπ 1 ¡°./≈‘µ√ √à«¡°—∫ kinetin ‡¢â¡¢âπ 0.5 ¡°./≈‘µ√
À√◊Õ 2,4-D ‡¢â¡¢âπ 3 ¡°./≈‘µ√ √à«¡°—∫ BA ‡¢â¡¢âπ 0.5
¡°./≈‘µ√  ‡æ“–‡≈’È¬ß‡ªìπ‡«≈“ 8  —ª¥“Àå  „ÀâπÈ”Àπ—° ¥
‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈—  Ÿß ÿ¥ 2.71 ·≈– 3.33 °√—¡ µ“¡
≈”¥—∫ °“√‡æ“–‡≈’È¬ß‡ÕÁ¡∫√‘‚Õ‡®ππ‘§·§≈≈— „πÕ“À“√‡À≈«
¿“¬„µâ°“√‡¢¬à“‡≈’È¬ß ∑”„Àâ‡´≈≈å¡’°“√°√–®“¬µ—«  “¡“√∂√—∫
∏“µÿÕ“À“√·≈–Õ“°“»Õ¬à“ß‡æ’¬ßæÕ  ∑”„Àâ‚´¡“µ‘§‡ÕÁ¡∫√‘‚Õ
∑’Ë‰¥â¡’§«“¡·¢Áß·√ß ·≈–¡’°“√‡®√‘≠‡µ‘∫‚µ‰¥â‡√Á«°«à“°“√‡≈’È¬ß
„πÕ“À“√·¢Áß  πÕ°®“°π’È·≈â«¬—ß “¡“√∂‡ÕÁ¡∫√‘‚Õ‡®ππ‘§
·§≈≈— ‰¥âÕ¬à“ßµàÕ‡π◊ËÕß‡ªìπ√–¬–‡«≈“π“π ( ¡ªÕß, 2539;
Finer and Nagasawa, 1998)   °“√ßÕ°¢Õß‚´¡“µ‘§
‡ÕÁ¡∫√‘ ‚Õ‡ªìπ‰ª‰¥â¥’ „πÕ“À“√ Ÿµ√ MS ∑’Ëª√“»®“° “√
§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ  “¡“√∂ √â“ß¬Õ¥·≈–√“°‰¥â 100%
 Õ¥§≈âÕß°—∫°“√™—°π”°“√‡°‘¥æ◊™µâπ„À¡à„πæ≈Ÿπ“ßøÑ“ ·≈–
 —∫ª–√¥ (Zhang et al., 2005; Sripaoraya et al., 2003)
µâπÀπâ“«—«∑’Ë‰¥â¡’®”π«π√“°‡©≈’Ë¬ 5 √“°  ¬“« 1.5 ´¡  ·≈–
„∫¡’§«“¡¬“«‡©≈’Ë¬ 1.35 ´¡. „π¢≥–∑’ËÀπâ“«—«∫“ß “¬æ—π∏ÿå
 “¡“√∂æ—≤π“‰¥â¥’„πÕ“À“√ Ÿµ√ 1/2 MS ∑—Èßπ’È¢÷Èπ°—∫æ—π∏ÿå
(Martin et al., 2003)  ¥—ßπ—Èπ°“√™—°π”‡ÕÁ¡∫√‘‚Õ‡®ππ‘§
·§≈≈— „πÀπâ“«—«®÷ß§«√‡æ“–‡≈’È¬ß∫πÕ“À“√ Ÿµ√  MMS  „™â
 “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ 2,4-D §«“¡‡¢â¡¢âπ 2 ¡°./≈‘µ√
√à«¡°—∫ kinetin §«“¡‡¢â¡¢âπ 0.5 ¡°./≈‘µ√ À√◊Õ°“√‡µ‘¡
TDZ  √à«¡°—∫  BA  §«“¡‡¢â¡¢âπ 1.0 ¡°./≈‘µ√ ‡∑à“°—π
‡ªìπ‡«≈“ 8  —ª¥“Àå ·≈–∑”°“√‡æ‘Ë¡ª√‘¡“≥„πÕ“À“√‡À≈«
 Ÿµ√ MMS ‡µ‘¡ 2,4-D §«“¡‡¢â¡¢âπ 3 ¡°./≈‘µ√ √à«¡¥â«¬
BA §«“¡‡¢â¡¢âπ 0.5 ¡°./≈‘µ√ ‡ªìπ‡«≈“ 8  —ª¥“Àå ·≈–
‡æ“–‡≈’È¬ß‡ÕÁ¡∫√‘ ‚Õ‡®ππ‘§·§≈≈— ∫πÕ“À“√ Ÿµ√ MS ∑’Ë
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