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ABSTRACT

Calli of KDML105 were selected for glyphosate-tolerance on solidified 0.25% Phytagel-solidified MS

(Murashige and Skoog, 1962) selection medium (MS salts and vitamins, 1 mgl-1 kinetin, and 10-4 M glyphosate)

at 25±2 °C, 70±5 µmol m-2s-1 photosynthetic photon flux density (PPFD), and 16 hd-1 photoperiod. Calli fresh

weight were decreased in selection medium more than in glyphosate-free medium. The selected calli at 4 and

8 weeks (S4 and S8) could be regenerated on the glyphosate-free medium. Plantlets were propagated by tissue

culture technique and treated with 0, 10-5, 5×10-5 and 10-4 M glyphosate in vitro. The height of S4 and S8 plantlets

was decreased with increasing glyphosate concentrations in culture media. The number of tillers and number of

roots were increased in culture media supplemented with 10-5 M glyphosate. The S8 plantlets could survived on

the culture supplemented with 5×10-5 M glyphosate. Increasing the height of plantlets indicated high survival

percentage under glyphosate-stressed condition. Tolerant plants were transferred to pots and treated with 0, 250,

500, 1000 and 2000 mgl-1 glyphosate. The growth of plants was inhibited and phytotoxicity was observed when

treated with high glyphosate concentrations. Increasing glyphosate concentrations resulted in lesser toxicity in S8

plantlets than in S4 plantlets.
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∫∑§—¥¬àÕ

·§≈≈— ¢â“«¢“«¥Õ°¡–≈‘ 105 ∂Ÿ°π”¡“§—¥‡≈◊Õ°

„πÕ“À“√·¢Áß Ÿµ√ Murashige ·≈– Skoog (MS) ∑’Ë‡µ‘¡

kinetin 1 ¡‘≈≈‘°√—¡µàÕ≈‘µ√·≈– “√°”®—¥«—™æ◊™‰°≈øÕ

‡ ∑§«“¡‡¢â¡¢âπ 10-4 ‚¡≈≈“√å ‡æ“–‡≈’È¬ß„π ¿“æÕÿ≥À¿Ÿ¡‘

25±2 °C §«“¡‡¢â¡· ß 70±5 µmol m-2s-1 ‚¥¬„Àâ· ß

16 ™—Ë«‚¡ßµàÕ«—π  “√°”®—¥«—™æ◊™„πÕ“À“√‡æ“–‡≈’È¬ß¡’

º≈∑”„ÀâπÈ”Àπ—° ¥¢Õß·§≈≈— ≈¥≈ß ·§≈≈— ∑’Ëºà“π

°“√§—¥‡≈◊Õ°π“π 4 ·≈– 8  —ª¥“Àå ∂Ÿ°π”‰ª™—°π”„Àâ

‡°‘¥µâπ„πÕ“À“√∑’Ë‰¡à¡’ “√°”®—¥«—™æ◊™  “¡“√∂™—°π”

„Àâ‡°‘¥µâπ‰¥â µâπ¢â“«∑’Ë‰¥âπ”‰ª‡æ‘Ë¡®”π«π·≈–∑¥ Õ∫

√–¥—∫§«“¡∑π∑“πµàÕ “√°”®—¥«—™æ◊™„π ¿“æ°“√

‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™‚¥¬°“√‡µ‘¡ “√°”®—¥«—™æ◊™§«“¡

‡¢â¡¢âπ 0 10-5 5×10-5 ·≈– 10-4 M ≈ß„πÕ“À“√‡æ“–‡≈’È¬ß

µâπ¢â“«¡’§«“¡ Ÿß≈¥≈ßµ“¡§«“¡‡¢â¡¢âπ¢Õß “√°”®—¥

«—™æ◊™∑’Ë‡æ‘Ë¡¢÷Èπ„πÕ“À“√‡æ“–‡≈’È¬ß ·≈–„πÕ“À“√∑’Ë¡’

 “√°”®—¥«—™æ◊™ 10-5 M µâπ¢â“«¡’®”π«πÀπàÕ·≈–®”π«π

√“°‡æ‘Ë¡¢÷Èπ ·≈–µâπ¢â“«∑’Ë‰¥â®“°·§≈≈— ∑’Ëºà“π°“√§—¥‡≈◊Õ°

8  —ª¥“Àå  “¡“√∂√Õ¥™’«‘µ‰¥â„πÕ“À“√∑’Ë‡µ‘¡ “√°”®—¥

«—™æ◊™§«“¡‡¢â¡¢âπ 5×10-5 M ´÷Ëß°“√‡®√‘≠‡µ‘∫‚µ¥â“π

§«“¡ Ÿß∑’Ë‡æ‘Ë¡¢÷Èπ®–‡ªìπµ—«∫àß™’È‡ªÕ√å‡´Áπµå°“√√Õ¥™’«‘µ

¢Õßµâπæ◊™∑’Ë‡æ‘Ë¡ Ÿß¢÷Èπ µâπ¢â“«∑’Ë‰¥â®“°°“√‡æ‘Ë¡®”π«π

∂Ÿ°π”‰ªª≈Ÿ°„π°√–∂“ß ¿“æ¢—ßπÈ”·≈–∑”°“√©’¥æàπ

¥â«¬ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑§«“¡‡¢â¡¢âπ 0 250 500

1000 ·≈– 2000 ¡‘≈‘°√—¡µàÕ≈‘µ√  “√°”®—¥«—™æ◊™§«“¡

‡¢â¡¢âπ Ÿß¡’º≈∑”„Àâµâπ¢â“«‰¡à‡®√‘≠‡µ‘∫‚µ·≈–· ¥ß

Õ“°“√‡ªìπæ‘… ‡¡◊ËÕ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß “√°”®—¥«—™æ◊™

µâπ¢â“«∑’Ë‰¥â®“°·§≈≈— ∑’Ëºà“π°“√§—¥‡≈◊Õ° 8  —ª¥“Àå

· ¥ßÕ“°“√‡ªìπæ‘…πâÕ¬°«à“·§≈≈— ∑’Ëºà“π°“√§—¥‡≈◊Õ° 4

 —ª¥“Àå

§”π”

°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™¡’∫∑∫“∑„π°“√ª√—∫ª√ÿß

æ—π∏ÿåæ◊™ ∑”„Àâæ◊™‡°‘¥§«“¡·ª√ª√«π∑“ßæ—π∏ÿ°√√¡ Ÿß

·≈– “¡“√∂„™â„π°“√§—¥‡≈◊Õ°≈—°…≥–°≈“¬æ—π∏ÿå∑’Ë

∑π∑“πµàÕ ¿“æ·«¥≈âÕ¡‰¡à‡À¡“– ¡ À√◊Õ∑π∑“πµàÕ

 “√°”®—¥«—™æ◊™ ‚¥¬°“√‡æ“–‡≈’È¬ß°≈ÿà¡‡´≈≈åÀ√◊Õ

‡π◊ÈÕ‡¬◊ËÕæ◊™∫πÕ“À“√∑’Ë‡µ‘¡ “√°”®—¥«—™æ◊™≈ß‰ª ‡¡◊ËÕ

°≈ÿà¡‡´≈≈åÀ√◊Õ‡π◊ÈÕ‡¬◊ËÕ “¡“√∂‡®√‘≠‡µ‘∫‚µ·≈–æ—≤π“

‡ªìπµâπ µâπæ◊™‡À≈à“π’Èπà“®–¡’≈—°…≥–∑’Ë∑π∑“π·≈–

 “¡“√∂∂à“¬∑Õ¥‰ª Ÿà√ÿàπ≈Ÿ°À≈“π‰¥â (Chu, 1983; Wang

et al., 1987) °“√§—¥‡≈◊Õ° “¬æ—π∏ÿåæ◊™∑π∑“πµàÕ “√

°”®—¥«—™æ◊™‚¥¬°“√§—¥‡≈◊Õ°‚¥¬µ√ß ‚¥¬∑”°“√‡≈’È¬ß

‡´≈≈å„πÕ“À“√∑’Ë¡’ “√°”®—¥«—™æ◊™ ‡´≈≈å∑’Ë‡®√‘≠‡µ‘∫‚µ

®–∂Ÿ°§—¥‡≈◊Õ°‰«â ·≈â«π”‰ª™—°π”„Àâ‡°‘¥µâπ·≈–

∑¥ Õ∫§«“¡∑π∑“πµàÕ‰ª ‡™àπ °“√§—¥‡≈◊Õ° “¬æ—π∏ÿå

¬“ Ÿ∫∑π∑“πµàÕ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑æ∫ “¬

æ—π∏ÿå∑π∑“π 17  “¬æ—π∏ÿå ·¡â«à“®–∑”°“√‡æ“–‡≈’È¬ßµàÕ

‰ªπ“π∂÷ß 1 ªï æ◊™¬—ß§ß¡’§«“¡∑π∑“πµàÕ‰°≈øÕ‡ ∑

(Dyer et al., 1988) À√◊Õ°“√§—¥‡≈◊Õ°‚¥¬«‘∏’™à«¬™’«‘µ ‚¥¬

‡≈’È¬ß‡´≈≈å„πÕ“À“√∑’Ë¡’ “√°”®—¥«—™æ◊™‡ªìπ√–¬–‡«≈“Àπ÷Ëß

·≈â«¬â“¬‡´≈≈å∑’Ë√Õ¥™’«‘µ≈ß„πÕ“À“√∑’Ë‰¡à¡’ “√°”®—¥

«—™æ◊™‡æ◊ËÕ„Àâ‡´≈≈å‡®√‘≠‡µ‘∫‚µµàÕ‰ª ‡™àπ °“√§—¥‡≈◊Õ°

‡´≈≈å∂—Ë«‡À≈◊Õß∑π∑“πµàÕ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑∑’Ë

§«“¡‡¢â¡¢âπ 10-2 ‚¡≈≈“√å ‡´≈≈å∑π∑“π‰¥â Ÿß ÿ¥ ·≈–

 “¡“√∂‡®√‘≠‡µ‘∫‚µ‰¥â (Suwanketnikom et al., 1992)

À√◊Õ°“√§—¥‡≈◊Õ°‚¥¬«‘∏’‡ªìπ¢—ÈπµÕπ °“√§—¥‡≈◊Õ°‚¥¬

«‘∏’π’È‡ªìπ«‘∏’∑’Ë§àÕ¬ Ê ‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß “√°”®—¥

«—™æ◊™„π™à«ß‡«≈“µà“ß Ê °—π ‡™àπ °“√§—¥‡≈◊Õ°‡´≈≈å·§

√Õ∑∑π∑“πµàÕ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑ ‚¥¬„™â “√

§«“¡‡¢â¡¢âπ 0.25 ¡‘≈≈‘‚¡≈≈“√å ·≈â«∑”°“√‡ª≈’Ë¬πÕ“À“√

·≈–‡æ‘Ë¡§«“¡‡¢â¡¢âπ¢Õß “√°”®—¥«—™æ◊™¢÷Èπ‡√◊ËÕ¬ Ê ®π

 Ÿß∂÷ß 25 ¡‘≈≈‘‚¡≈≈“√å ‡´≈≈å¡’§«“¡∑π∑“π‡æ‘Ë¡¢÷Èπ 52

‡∑à“¢Õß‡´≈≈åª°µ‘ (Shyr and Widholm, 1990)

‰°≈øÕ‡ ∑‡ªìπ “√°”®—¥«—™æ◊™™π‘¥‰¡à‡≈◊Õ°

∑”≈“¬ ¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥«—™æ◊™‰¥âÕ¬à“ß

°«â“ß¢«“ß ‰¡à¡’º≈µ°§â“ß„π¥‘π‡π◊ËÕß®“° “√π’È∂Ÿ°®—∫

‚¥¬Õπÿ¿“§¥‘π·≈–¬àÕ¬ ≈“¬‚¥¬®ÿ≈‘π∑√’¬å„π¥‘π ‡ªìπ

Õ—πµ√“¬µàÕ —µ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡ π° ª≈“ ·¡≈ß ·≈–

·∫§∑’‡√’¬πâÕ¬¡“° ®÷ßª≈Õ¥¿—¬µàÕ ‘Ëß·«¥≈âÕ¡ (Franz,

1984) ·µà¬—ß‰¡à¡’°“√√“¬ß“π°“√„™â„ππ“¢â“« ‡π◊ËÕß®“°

 “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑ “¡“√∂∑”≈“¬µâπ¢â“«‰¥â¥â«¬
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¥—ßπ—Èπ°“√§—¥‡≈◊Õ°æ—π∏ÿå¢â“«‚¥¬«‘∏’°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕ

®÷ß‡ªìπ·π«∑“ßÀπ÷Ëß„π°“√ √â“ß “¬æ—π∏ÿå¢â“«∑π∑“π

µàÕ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑∑’Ë®–π”¡“„™â„ππ“¢â“«

µàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√

°“√§—¥‡≈◊Õ°·§≈≈— ∑π∑“πµàÕ “√°”®—¥«—™æ◊™

π”·§≈≈— ¢â“«¢“«¥Õ°¡–≈‘ 105 ∑’Ë‰¥â®“°°“√‡æ“–

‡≈’È¬ß§—¿æ–∫πÕ“À“√·¢Áß Ÿµ√ MS (Murashige and Skoog,

1962) ∑’Ë¡’ 2,4-dichlorophenoxyaceticacid (2,4-D) 2

¡‘≈≈‘°√—¡µàÕ≈‘µ√„π ¿“æ¡◊¥ (Cha-um et al., 1997)

À≈—ß®“°π—Èπ 2  —ª¥“Àå ·§≈≈— ´÷Ëß¡’πÈ”Àπ—°‡√‘Ë¡µâπª√–¡“≥

78 ¡‘≈≈‘°√—¡ π”‰ª‡æ“–‡≈’È¬ß∫πÕ“À“√ Ÿµ√ MS ∑’Ë¡’

kinetin 1 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ·≈– “√°”®—¥«—™æ◊™‰°≈øÕ

‡ ∑§«“¡‡¢â¡¢âπ 10-4 ‚¡≈≈“√å (Cha-um et al., 1996)

‡ª√’¬∫‡∑’¬∫°—∫·§≈≈— ∑’Ë‡≈’È¬ß∫πÕ“À“√ª°µ‘ «“ß·ºπ

°“√∑¥≈Õß·∫∫ Completely Randomized Design (CRD)

®”π«π 10 ´È” ‡≈’È¬ß„πÀâÕß‡æ“–‡≈’È¬ßÕÿ≥À¿Ÿ¡‘ 25±2

Õß»“‡´≈‡´’¬  §«“¡™◊Èπ —¡æ—∑∏å 60±5 ‡ªÕ√å‡ Á́πµå ‰¥â√—∫

· ß§«“¡‡¢â¡ 70±5 µmol m-2s-1 16 ™—Ë«‚¡ß  ≈—∫°—∫™à«ß

¡◊¥ 8 ™—Ë«‚¡ßµàÕ«—π ∫—π∑÷°πÈ”Àπ—° ¥·§≈≈— ∑ÿ° Ê 2

 —ª¥“Àå

°“√™—°π”·§≈≈— ∑π∑“π„Àâ‡°‘¥µâπ

·§≈≈— ∑’Ë√Õ¥™’«‘µ∫πÕ“À“√∑’Ë‡µ‘¡‰°≈øÕ‡ ∑„π

 —ª¥“Àå∑’Ë 4 ·≈– 8 ∂Ÿ°π”¡“∑”„Àâ·Àâß∫π®“π·°â«π“π

3 «—π ·≈â«π”¡“‡æ“–‡≈’È¬ß∫πÕ“À“√™—°π”„Àâ‡°‘¥µâπ Ÿµ√

MS ∑’Ë¡’ kinetin 1 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ (Cha-um et al., 1997)

«“ß·ºπ°“√∑¥≈Õß‡™àπ‡¥’¬«°—∫°“√§—¥‡≈◊Õ°·§≈≈— 

∑π∑“πµàÕ “√°”®—¥«—™æ◊™ ∫—π∑÷°‡ªÕ√å‡ Á́πµå°“√‡°‘¥µâπ

·≈–®”π«πµâπµàÕ·§≈≈— 

°“√∑¥ Õ∫µâπ¢â“«∑π∑“π„π ¿“æ°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕ

æ◊™

µâπ¢â“«∑’Ë‰¥â®“°°“√™—°π”„Àâ‡°‘¥µâπ®“°·§≈≈— ∑’Ë

ºà“π°“√§—¥‡≈◊Õ°π“π 4  —ª¥“Àå (S4) ·≈– 8  —ª¥“Àå (S8)

∂Ÿ°π”¡“™—°π”„Àâ‡°‘¥µâπ®”π«π¡“° ∑”°“√µ—¥·∫àßµâπ

¢â“«§«“¡ Ÿßª√–¡“≥ 1.5 ‡´πµ‘‡¡µ√ ·≈â«π”‰ª

∑¥ Õ∫√–¥—∫§«“¡∑π∑“πµàÕ “√°”®—¥«—™æ◊™„π

Õ“À“√ Ÿµ√ MS ∑’Ë‡µ‘¡ “√°”®—¥«—™æ◊™§«“¡‡¢â¡¢âπ 0

10-5, 5×10-5 ·≈– 10-4 ‚¡≈≈“√å ‚¥¬«“ß·ºπ°“√∑¥≈Õß

·∫∫ CRD ®”π«π 10 ´È” Ê ≈– 2 µâπ ‡æ“–‡≈’È¬ß„π

 ¿“æ‡™àπ‡¥’¬«°—∫°“√™—°π”„Àâ‡°‘¥µâπ®“°·§≈≈—  À≈—ß

°“√‡æ“–‡≈’È¬ßπ“π 4  —ª¥“Àå ∫—π∑÷°‡ªÕ√å‡´Áπµå°“√√Õ¥™’«‘µ

§«“¡ Ÿß¢Õßµâπ ®”π«πÀπàÕ ·≈–®”π«π√“°

°“√∑¥ Õ∫µâπ¢â“«∑π∑“π„π°√–∂“ß ¿“æ∏√√¡™“µ‘

µâπ¢â“« S4 ·≈– S8 ∂Ÿ°π”¡“™—°π”„Àâ‡°‘¥µâπ

®”π«π¡“° ∑”°“√µ—¥·∫àßµâπ¢â“«≈ß‡≈’È¬ß∫πÕ“À“√

 Ÿµ√™—°π”„Àâ‡°‘¥√“° ¬â“¬ª≈Ÿ°„π°√–∂“ß∑’Ë¡’¥‘πª≈Ÿ°Õ¬Ÿà

„π ¿“æπÈ”¢—ß ‡¡◊ËÕµâπ¢â“«Õ“¬ÿ§√∫ 1 ‡¥◊Õπ ∑¥ Õ∫

√–¥—∫§«“¡∑π∑“πµàÕ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑§«“¡

‡¢â¡¢âπ 0 250 500 1000 ·≈– 2000 ¡‘≈≈‘°√—¡µàÕ≈‘µ√

‚¥¬«“ß·ºπ°“√∑¥≈Õß·∫∫ CRD ®”π«π 9 ́ È”Ê ≈– 2

µâπ À≈—ß°“√∑¥ Õ∫π“π 4  —ª¥“Àå ∫—π∑÷°§«“¡ Ÿß

¢Õßµâπ ®”π«πÀπàÕ ·≈–√–¥—∫§«“¡‡ªìπæ‘…¢Õß “√

°”®—¥«—™æ◊™

√–¥—∫§«“¡‡ªìπæ‘…

1 = µâπ¢â“«ª°µ‘‰¡à· ¥ßÕ“°“√‰¥â√—∫æ‘…

2 = µâπ¢â“«‡°‘¥Õ“°“√„∫‰À¡â 1/3 ¢Õß„∫∑—Èß

µâπ

3 = µâπ¢â“«‡°‘¥Õ“°“√„∫‰À¡â 2/3 ¢Õß„∫∑—Èß

µâπ

4 = µâπ¢â“«‡°‘¥Õ“°“√„∫‰À¡â∑—Èßµâπ

5 = æ‘… Ÿß¡“°µâπ¢â“«µ“¬∑—Èßµâπ·≈–„∫

º≈

°“√§—¥‡≈◊Õ°·§≈≈— ∑π∑“πµàÕ “√°”®—¥«—™æ◊™

·§≈≈— ¢Õß¢â“«æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105 ∑’Ë¡’Õ“¬ÿ 2

 —ª¥“Àå ∂Ÿ°π”¡“§—¥‡≈◊Õ°§«“¡∑π∑“πµàÕ “√°”®—¥

«—™æ◊™‰°≈øÕ‡ ∑ ‚¥¬°“√‡æ“–‡≈’È¬ß∫πÕ“À“√·¢Áß∑’Ë¡’

 “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑§«“¡‡¢â¡¢âπ 10-4 ‚¡≈≈“√å
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æ∫«à“√–¬–‡«≈“„π°“√‡æ“–‡≈’È¬ß·§≈≈— ·≈–°“√‡ª≈’Ë¬π

∂à“¬Õ“À“√∑ÿ° Ê 2  —ª¥“Àå ¡’º≈∑”„ÀâπÈ”Àπ—° ¥¢Õß

·§≈≈— ≈¥≈ß ·≈–„πÕ“À“√∑’Ë¡’ “√°”®—¥«—™æ◊™®–

∑”„Àâ·§≈≈— ¡’πÈ”Àπ—° ¥≈¥≈ßµ“¡√–¬–‡«≈“„π°“√

‡ª≈’Ë¬π∂à“¬Õ“À“√ ·≈–≈¥≈ß¡“°°«à“·§≈≈— ∑’Ë‡≈’È¬ß„π

Õ“À“√ª°µ‘ (Figure 1)

°“√™—°π”·§≈≈— ∑’Ë∑π∑“πµàÕ “√°”®—¥«—™æ◊™„Àâ‡°‘¥µâπ

·§≈≈— ¢â“«∑’Ëºà“π°“√§—¥‡≈◊Õ°„πÕ“À“√∑’Ë¡’ “√

°”®—¥«—™æ◊™‰°≈øÕ‡ ∑§«“¡‡¢â¡¢âπ 10-4 ‚¡≈≈“√å π“π

4 ·≈– 8  —ª¥“Àå π”¡“‡æ“–‡≈’È¬ß∫πÕ“À“√ Ÿµ√™—°π”

„Àâ‡°‘¥µâπ ¡’‡ªÕ√å‡´Áπµå°“√‡°‘¥µâπ 6 ·≈– 8 ‡ªÕ√å‡ Á́πµå

·≈– “¡“√∂‡°‘¥µâπ‰¥â 1 ·≈– 2 µâπµàÕ·§≈≈— µ“¡≈”¥—∫

(Figure 2) ·§≈≈— ∑π∑“πµàÕ “√°”®—¥«—™æ◊™ “¡“√∂

™—°π”„Àâ‡°‘¥‡ªìπµâπæ◊™∑π∑“πµàÕ “√°”®—¥«—™æ◊™

‰°≈øÕ‡ ∑‰¥â (Figure 3) §«“¡ “¡“√∂„π°“√‡°‘¥µâπ

¢Õß·§≈≈— ¢â“«„π ¿“æ∑’Ëºà“π°“√§—¥‡≈◊Õ°§«“¡

∑π∑“πµàÕ “√°”®—¥«—™æ◊™µË”°«à“·§≈≈— ∑’Ë ‡®√‘≠„π

 ¿“æª°µ‘

°“√∑¥ Õ∫µâπ¢â“«∑π∑“πµàÕ “√°”®—¥«—™æ◊™„π ¿“æ

°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™

µâπ¢â“«∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß·§≈≈— ∑’Ë∑π∑“π

µàÕ “√°”®—¥«—™æ◊™ ∂Ÿ°π”‰ª‡æ‘Ë¡®”π«πÀπàÕ‡æ◊ËÕπ”‰ª

Figure 1 Comparisons of percent decrease in fresh

weight of rice calli cultured on medium

supplemented with glyphosate and con-

trol (without glyphosate).

Figure 2 Regeneration of glyphosate-tolerant calli

and control after cultured on MS medium

supplemented with 1 mgl-1 kinetin at 1

month.

Figure 3 Plantlets regeneration of glyphosate-tolerant calli on MS medium supplemented with 1 mgl-1

kinetin after culture for 4 weeks.
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∑¥ Õ∫√–¥—∫§«“¡∑π∑“πµàÕ “√°”®—¥«—™æ◊™„π ¿“æ

°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™ æ∫«à“ “√°”®—¥«—™æ◊™„π√–¥—∫

§«“¡‡¢â¡¢âπ 10-5 ‚¡≈≈“√å ¡’º≈∑”„Àâ®”π«πÀπàÕ·≈–

®”π«π√“°¢Õßµâπ¢â“«‡æ‘Ë¡¢÷Èπ ·≈–∑’Ë§«“¡‡¢â¡¢âπ 10-4

‚¡≈≈“√å ∑”„Àâµâπ¢â“«µ“¬  à«π∑’Ë§«“¡‡¢â¡¢âπ 5×10-5

‚¡≈≈“√å µâπ¢â“«∑’Ë‰¥â®“°·§≈≈— ∑π∑“πµàÕ “√°”®—¥

«—™æ◊™‰°≈øÕ‡ ∑π“π 8  —ª¥“Àå (S8)  “¡“√∂Õ¬Ÿà√Õ¥

‰¥â ·µà‰¡à‡°‘¥√“°·≈–ÀπàÕ (Table 1) §«“¡ Ÿß¢Õßµâπ

¢â“« S4 ·≈– S8 ≈¥≈ßµ“¡§«“¡‡¢â¡¢âπ¢Õß “√°”®—¥

«—™æ◊™ ·≈–¡’§«“¡ —¡æ—π∏å°—∫‡ªÕ√å‡ Á́πµå°“√√Õ¥™’«‘µ

¢Õßµâπ¢â“« (Figure 4) ‚¥¬µâπ¢â“«∑’Ë√Õ¥™’«‘µ®–¡’°“√

‡®√‘≠‡µ‘∫‚µ∑“ß¥â“π§«“¡ Ÿß¢Õßµâπ‡æ‘Ë¡¢÷Èπ

°“√∑¥ Õ∫µâπ¢â“«∑’Ë∑π∑“πµàÕ “√°”®—¥«—™æ◊™„π

°√–∂“ß ¿“æ∏√√¡™“µ‘

µâπ¢â“«∑’Ë‰¥â®“°°“√‡≈’È¬ß·§≈≈— ∑π∑“πµàÕ “√

°”®—¥«—™æ◊™∂Ÿ°π”‰ª‡æ‘Ë¡®”π«πÀπàÕ·≈–™—°π”„Àâ‡°‘¥√“°

·≈â«¬â“¬≈ß ª≈Ÿ°„π°√–∂“ß ¿“æ∏√√¡™“µ‘‡¡◊ËÕµâπ¢â“«Õ“¬ÿ

1 ‡¥◊Õπ ∑”°“√©’¥æàπ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑§«“¡

‡¢â¡¢âπµà“ß Ê æ∫«à“ “√°”®—¥«—™æ◊™§«“¡‡¢â¡¢âπ 2000

¡‘≈≈‘°√—¡µàÕ≈‘µ√ ¡’º≈∑”„Àâ®”π«πÀπàÕ·≈–§«“¡ Ÿß

¢Õßµâπ¢â“« S4 ·≈– S8 ≈¥≈ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫µâπ

¢â“«∑’Ë‰¡à‰¥â©’¥æàπ¥â«¬ “√°”®—¥«—™æ◊™ ´÷Ëß§«“¡ Ÿß¢Õß

µâπ¢â“«≈¥≈ßµ“¡§«“¡‡¢â¡¢âπ¢Õß “√°”®—¥«—™æ◊™∑’Ë‡æ‘Ë¡

¢÷Èπ (Table 2) §«“¡‡¢â¡¢âπ¢Õß “√°”®—¥«—™æ◊™∑’Ë‡æ‘Ë¡

¢÷Èπ∑”„Àâµâπæ◊™· ¥ßÕ“°“√‰¥â√—∫æ‘… Ÿß¢÷Èπ ‚¥¬µâπ¢â“«

S4 · ¥ßÕ“°“√‰¥â√—∫æ‘… Ÿß°«à“µâπ¢â“« S8 (Figure 5)

«‘®“√≥å

·§≈≈— ¢Õß¢â“«æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105 ∑’Ë‡æ“–

‡≈’È¬ß∫πÕ“À“√·¢Áß∑’Ë‡µ‘¡ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑

Table 1 Effect of glyphosate on number of tillers and number of roots of glyphosate-tolerant plants in vitro.

Glyphosate S4 plant S8 plant

(M) No. of tillers No. of roots No. of tillers No. of roots

0  1.4b** 12b** 2.6b** 8b**

10-5 5.0a 25a 4.1a 17a

5 × 10-5 0.0c 0c 0.2c 0c

10-4 0.0c 0c 0.0c 0c

1 Values followed by the same letter are not significantly different at P<0.01 (DMRTûs test)

Table 2 Effect of glyphosate on number of tillers and plant height of glyphosate-tolerant plants in vivo.

Glyphosate S4 plant S8 plant

(mgl-1) No. of tillers Plant height (cm) No. of tillers Plant height (cm)

0 2ab** 53a** 3NS 53a**

250 3a 53a 2 44ab

500 3a 40b 2 40b

1000 2ab 32c 2 31b

2000 1b 30c 2 32b

** Values followed by the same letter are not significantly different at P<0.01 (DMRT’s test)
NS Not significant according to F-test
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§«“¡‡¢â¡¢âπ 10-4 ‚¡≈≈“√å ¡’°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß ·≈–

∑”°“√§—¥‡≈◊Õ°·§≈≈— ∑’Ë√Õ¥™’«‘µ¡“‡æ“–‡≈’È¬ß∫πÕ“À“√

 Ÿµ√‡¥‘¡ À≈—ß®“°‡æ“–‡≈’È¬ßπ“π 4 ·≈– 8  —ª¥“Àå π”

·§≈≈— ¡“™—°π”„Àâ‡°‘¥µâπ ‰¥âµâπ¢â“«∑π∑“π S4 ®”π«π

1 µâπ ·≈– S8 ®”π«π 2 µâπ °“√™—°π”·§≈≈— ∑’Ë∑π∑“π

µàÕ “√°”®—¥«—™æ◊™„Àâ‡°‘¥µâπ¡’°“√∑¥≈Õß„π¡–‡¢◊Õ‡∑»

 “¡“√∂™—°π”„Àâ‡°‘¥µâπ‰¥â·µà‰¥âµâπº‘¥ª°µ‘ (Smith et

al., 1986) ·§≈≈— ¢Õß Cichorium inytbus L.  “¡“√∂

™—°π”„Àâ‡°‘¥µâπ‰¥â ·µàµâπæ◊™∑’Ë‰¥âÕàÕπ·ÕµàÕ‰°≈øÕ‡ ∑

(Sellin et al., 1992) ·≈–°“√§—¥‡≈◊Õ°‡´≈≈å¢Õß¬“ Ÿ∫

 “¡“√∂™—°π”„Àâ‡°‘¥µâπ‰¥â ·≈–µâπæ◊™¬—ß§ß¡’§«“¡

∑π∑“πµàÕ‰°≈øÕ‡ ∑ (Singer and McDaniel, 1985)

§«“¡∑π∑“π∑’Ë‡°‘¥¢÷Èπ¡’‰¥âÀ≈“¬√–¥—∫¥—ßπ’È §«“¡

∑π∑“π “¡“√∂· ¥ßÕÕ°‰¥â∑—Èß„π√–¥—∫‡´≈≈å·≈–

√–¥—∫µâπæ◊™ ÷́Ëß “¡“√∂∂à“¬∑Õ¥‰¥â (Dyer et al., 1988)

§«“¡∑π∑“πÕ¬Ÿà„π√–¥—∫‡´≈≈å “¡“√∂· ¥ßÕÕ°‰¥â„π

√–¥—∫‡´≈≈å·µà‰¡à· ¥ßÕÕ°„π√–¥—∫µâπæ◊™ ‡¡◊ËÕπ”æ◊™

π—Èπ‰ª™—°π”„Àâ‡ªìπ·§≈≈— À√◊Õ‡æ“–‡≈’È¬ß‡´≈≈å°Á¬—ß§ß¡’

§«“¡∑π∑“π (Smith et al., 1986) ‡¡◊ËÕπ”‰ªº ¡¢â“¡°—∫

æ◊™ª°µ‘·≈â«‰¡à “¡“√∂∂à“¬∑Õ¥§«“¡∑π∑“π‰¥â (Sellin

et al., 1992) ·≈–§«“¡∑π∑“π· ¥ßÕÕ°„π√–¥—∫‡´≈≈å

·µà‰¡à “¡“√∂™—°π”„Àâ‡°‘¥µâπ‰¥â (Suwanwong et al.,

1991; Suwanketnikom et al., 1992)

µâπ¢â“«∑’Ë‰¥â®“°°“√‡æ“–‡≈’È¬ß·§≈≈— ∑’Ë∑π∑“πµàÕ

 “√°”®—¥«—™æ◊™ π”¡“‡æ‘Ë¡®”π«πµâπ·≈–∑¥ Õ∫√–¥—∫

§«“¡∑π∑“π„π ¿“æ°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™ ·≈–„π

°√–∂“ß¢—ßπÈ” ¿“æ∏√√¡™“µ‘ µâπæ◊™∑’Ë‰¥â®“°°“√‡æ“–

‡≈’È¬ß·§≈≈— ∑’Ëºà“π°“√§—¥‡≈◊Õ°‡ªìπ√–¬–‡«≈“π“π¡’

§«“¡∑π∑“π‰¥â Ÿß°«à“µâπ¢â“«∑’Ë‰¥â®“°·§≈≈— ∑’Ëºà“π

°“√§—¥‡≈◊Õ°‡ªìπ√–¬–‡«≈“πâÕ¬°«à“·≈–µâπ¢â“«∑’Ë‰¥â®“°

Figure 4 Correlation between plant height and survival percentage of glyphosate-tolerant plants after treated

with glyphosate for 4 weeks in vitro.

Figure 5 Effect of glyphosate on plants toxic level

after treated with glyphosate for 4 weeks

in vivo.
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·§≈≈— ª°µ‘‡ªìπ°“√‡æ‘Ë¡√–¥—∫§«“¡∑π∑“π¢Õß‡´≈≈å

æ◊™µàÕ “√°”®—¥«—™æ◊™ ÷́Ëß¡’°≈‰°„π°“√∑π∑“π/

µâ“π∑“πµàÕ “√°”®—¥«—™æ◊™‚¥¬°“√≈¥°“√¥Ÿ¥´÷¡ “√

‡¢â“ Ÿàæ◊™À√◊Õ°“√‡§≈◊ËÕπ¬â“¬ “√°”®—¥«—™æ◊™ °“√≈¥

§«“¡‡ªìπæ‘…¢Õß “√ ·≈–°“√∑’Ë‡Õπ‰´¡å‡ªÑ“À¡“¬‰¡à

ÕàÕπ·ÕµàÕ “√°”®—¥«—™æ◊™ (Mazur and Falco, 1989)

„π ¿“æ°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™µâπ¢â“«∂Ÿ°¬—∫¬—Èß°“√

‡®√‘≠‡µ‘∫‚µ·≈–· ¥ßÕ“°“√‡ªìπæ‘…µàÕ “√°”®—¥«—™æ◊™

‰¥â¡“°°«à“„π°√–∂“ß„π ¿“æ∏√√¡™“µ‘ ‡π◊ËÕß®“°„π

 ¿“æ°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑

 “¡“√∂¥Ÿ¥ ÷́¡·≈–‡§≈◊ËÕπ¬â“¬‰ª∑”≈“¬µâπæ◊™‰¥â¥’

 à«π„π ¿“æ∏√√¡™“µ‘®–¡’ ‡©æ“– à«π∑’Ë¡’ ’ ‡¢’¬«

‡∑à“π—Èπ∑’Ë¥Ÿ¥´÷¡ “√°”®—¥«—™æ◊™·≈â«®÷ß‡§≈◊ËÕπ¬â“¬‰ª

∑”≈“¬æ◊™∑—Èßµâπ (Franz, 1984)  “√°”®—¥«—™æ◊™

‰°≈øÕ‡ ∑‡¡◊ËÕ‡¢â“ Ÿàæ◊™®–¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å 5-

enol-pyruvyl-shikimate-3-phosphate synthase (EPSP

synthase) µâπæ◊™‰¡à “¡“√∂ —ß‡§√“–Àå aromatic amino

acid 3 ™π‘¥ §◊Õ tryptophane phenylalanine ·≈– tyrosine

¡’º≈∑”„Àâ‰¡à “¡“√∂ —ß‡§√“–Àå‚ª√µ’π Õ—≈§“≈Õ¬¥å

«‘µ“¡‘π ·≈– “√§«∫§ÿ¡°“√‡®√‘≠‡µ‘∫‚µ¢Õßæ◊™‰¥â

∑”„Àâµâπæ◊™µ“¬„π∑’Ë ÿ¥ (Wells and Appleby, 1992)

 √ÿª

°“√§—¥‡≈◊Õ°·§≈≈— ¢Õß¢â“«æ—π∏ÿå¢“«¥Õ°¡–≈‘ 105

„πÕ“À“√∑’Ë‡µ‘¡ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑ 10-4 ‚¡≈≈“√å

·§≈≈— ¡’°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ß À≈—ß®“°§—¥‡≈◊Õ°

·§≈≈— ‡ªìπ‡«≈“ 4  —ª¥“Àå (S4) ·≈– 8  —ª¥“Àå (S8)

 “¡“√∂™—°π”„Àâ·§≈≈— ‡°‘¥µâπ¢â“«∑’Ë∑π∑“πµàÕ “√

°”®—¥«—™æ◊™‰¥â µâπ¢â“« S4 ·≈– S8 ∂Ÿ°¬—∫¬—Èß°“√‡®√‘≠

‡µ‘∫‚µ·≈–µ“¬„πÕ“À“√∑’Ë‡µ‘¡‰°≈øÕ‡ ∑§«“¡‡¢â¡¢âπ Ÿß

·≈–„πÕ“À“√∑’Ë‡µ‘¡‰°≈øÕ‡ ∑§«“¡‡¢â¡¢âπ 10-5 ‚¡≈≈“√å

µâπ¢â“«¡’°“√·µ°ÀπàÕ·≈–√“°®”π«π¡“° ·≈–µâπ¢â“« S8

¡’§«“¡∑π∑“πµàÕ‰°≈øÕ‡ ∑‰¥â Ÿß°«à“µâπ¢â“« S4 „π

 ¿“æ°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™ ´÷Ëß§«“¡ Ÿß¢Õßµâπ¢â“«¡’

§«“¡ —¡æ—π∏å°—∫‡ªÕ√å‡´Áπµå°“√√Õ¥™’«‘µ¢Õßµâπ¢â“«„π

 ¿“æ°“√‡æ“–‡≈’È¬ß‡π◊ÈÕ‡¬◊ËÕæ◊™ µâπ¢â“« S4 ·≈– S8 ‡¡◊ËÕ

∑¥ Õ∫§«“¡∑π∑“πµàÕ‰°≈øÕ‡ ∑„π°√–∂“ß¢—ßπÈ”

 ¿“æ∏√√¡™“µ‘µâπ¢â“« “¡“√∂‡®√‘≠‡µ‘∫‚µ‰¥â ·≈–‰¡à

· ¥ß§«“¡‡ªìπæ‘…À≈—ß°“√©’¥æàπ¥â«¬‰°≈øÕ‡ ∑§«“¡

‡¢â¡¢âπµË” ·µà∑’Ë§«“¡‡¢â¡¢âπ Ÿßµâπ¢â“«∂Ÿ°¬—∫¬—Èß°“√‡®√‘≠

‡µ‘∫‚µ ·≈–· ¥ßÕ“°“√‡ªìπæ‘… ‚¥¬µâπ¢â“« S8 ¡’§«“¡

∑π∑“πµàÕ “√°”®—¥«—™æ◊™‰°≈øÕ‡ ∑‰¥â¡“°°«à“µâπ¢â“«

S4 „π°√–∂“ß¢—ßπÈ” ¿“æ∏√√¡™“µ‘
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