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∫∑§—¥¬àÕ Bacillus thuringiensis subsp. israelensis (Bti) ‡ªìπ·∫§∑’‡√’¬∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥≈Ÿ°πÈ”¬ÿß≈“¬

·μà°“√„™â Bti ‡ªìπ‡«≈“π“πÊ ®–¡’‚Õ°“ ∑”„Àâ≈Ÿ°πÈ” √â“ß§«“¡μâ“π∑“πμàÕ Bti ¢÷Èπ‰¥â °“√»÷°…“§√—Èßπ’È¡’

«—μ∂ÿª√– ß§å‡æ◊ËÕ«—¥√–¥—∫§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬ ‚¥¬„Àâ≈Ÿ°πÈ” —¡º— °—∫ Bti „π√–¥—∫∑’Ë¡’º≈∑”„Àâ¡’

Õ—μ√“√Õ¥√âÕ¬≈– 10 ‡æ◊ËÕ°√–μÿâπ„Àâ≈Ÿ°πÈ”¬ÿß≈“¬μâ“πμàÕ Bti „π√ÿàπμàÕ‰ª ·≈–«—¥√–¥—∫§«“¡μâ“π∑“π¢Õß

≈Ÿ°πÈ”¬ÿß≈“¬ “¬æ—π∏ÿå∑’Ë‰¥â®“°·À≈àß‡æ“–æ—π∏ÿå„πª√–‡∑»‰∑¬μàÕ Bti ‚¥¬„™â Standard Bti 2-06 ‡ªìπ

·∫§∑’‡√’¬¡“μ√∞“π æ∫«à“À≈—ß°√–μÿâπ¥â«¬ Bti ®”π«π 25 √ÿàπ≈Ÿ°πÈ” ·≈–«—¥§«“¡μâ“π∑“π®“°§à“§«“¡‡¢â¡

¢âπ∑’Ë∑”„Àâ‡°‘¥°“√μ“¬√âÕ¬≈– 50 ≈Ÿ°πÈ”¬ÿß≈“¬∫“ß√ÿàπ¡’√–¥—∫§«“¡μâ“π∑“π§ß∑’Ë ∫“ß√ÿàπ¡’§«“¡μâ“π∑“π‡æ‘Ë¡¢÷Èπ

‡¡◊ËÕ°√–μÿâπ∂÷ß√ÿàπ∑’Ë 25 ≈Ÿ°πÈ”¬ÿß≈“¬ √â“ß§«“¡μâ“π∑“πμàÕ Bti ‡æ‘Ë¡¢÷Èπ 5 ‡∑à“‡∑’¬∫°—∫°àÕπ°√–μÿâπ ÷́Ëß∂◊Õ«à“

‡ªìπ√–¥—∫§«“¡μâ“π∑“π∑’ËμË”  à«π°“√«—¥√–¥—∫§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬ “¬æ—π∏ÿå®“° 14 ®—ßÀ«—¥„π∑ÿ°

¿“§¢Õßª√–‡∑»‰∑¬ æ∫«à“≈Ÿ°πÈ”®“°∑ÿ°¿“§¡’√–¥—∫§«“¡μâ“π∑“πμàÕ Bti πâÕ¬¡“° ‚¥¬≈Ÿ°πÈ”®“°®—ßÀ«—¥ª∑ÿ¡∏“π’

¡’§à“√–¥—∫§«“¡μâ“π∑“π Ÿß ÿ¥∑’Ë 2.04 ·≈–≈Ÿ°πÈ”®“°®—ßÀ«—¥™≈∫ÿ√’¡’§à“√–¥—∫§«“¡μâ“π∑“πμË” ÿ¥∑’Ë 1.05 ®÷ß

 √ÿª‰¥â«à“ Bti ¬—ß¡’»—°¬¿“æ„π°“√§«∫§ÿ¡≈Ÿ°πÈ”¬ÿß≈“¬ ‡π◊ËÕß®“°‚Õ°“ ∑’Ë≈Ÿ°πÈ”®– √â“ß§«“¡μâ“π∑“πμàÕ

·∫§∑’‡√’¬™π‘¥π’È‡°‘¥¢÷ÈππâÕ¬¡“°

§” ”§—≠: ∫’∑’‰Õ, ≈Ÿ°πÈ”¬ÿß≈“¬, √–¥—∫§«“¡μâ“π∑“π, §à“§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâ‡°‘¥°“√μ“¬√âÕ¬≈– 50

°“√ √â“ß§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬
(Aedes aegypti) μàÕ·∫§∑’‡√’¬

Bacillus thuringiensis subsp. israelensis

π‘μ¬“  ‡¡∏“«≥‘™æß»å

‡≈“®π“  ‡™“«π“¥‘»—¬

¡ß§≈  √‘¬–ª“π

∑‘æ¬åπ≈‘π  μ–‡æ’¬π∑Õß

 ∂“∫—π«‘®—¬«‘∑¬“»“ μ√å “∏“√≥ ÿ¢ °√¡«‘∑¬“»“ μ√å°“√·æ∑¬å

∫∑π”

°“√§«∫§ÿ¡¬ÿß≈“¬æ“À–π”‚√§‰¢â‡≈◊Õ¥ÕÕ°∑—Èß√–¬–

μ—«ÕàÕπ·≈–μ—«‡μÁ¡«—¬Õ“»—¬‡§¡’°”®—¥·¡≈ß‡ªìπÀ≈—°

‡ªìπ‡«≈“À≈“¬∑»«√√… Õ¬à“ß‰√°Áμ“¡°“√„™â “√‡§¡’

°”®—¥·¡≈ß∂Ÿ°μàÕμâ“πÕ¬à“ß¡“°‡π◊ËÕß®“°·¡≈ß¡’°“√

æ—≤π“„Àâ¥◊ÈÕμàÕ “√‡§¡’‡À≈à“π—Èπ ‡°‘¥ªí≠À“ ‘Ëß·«¥≈âÕ¡

‡ªìπæ‘…  “√‡§¡’ªπ‡ªóôÕπ ŸàÀà«ß‚´àÕ“À“√ ·≈–∑”≈“¬

·¡≈ßÕ◊Ëπ∑’Ë¡’ª√–‚¬™πå(12) ®÷ß®”‡ªìπ∑’ËμâÕßÀ“∑“ß‡≈◊Õ°∑’Ë

¡’ª√– ‘∑∏‘¿“æ·≈–‡ªìπ¡‘μ√°—∫ ‘Ëß·«¥≈âÕ¡„π°“√

§«∫§ÿ¡·¡≈ßÕ¬à“ß‡√àß¥à«π √–¬–À≈—ß‰¥âπ”«‘∏’°“√
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§«∫§ÿ¡·∫∫Õ◊Ëπ Ê ¡“‡ √‘¡‡æ◊ËÕ≈¥ª√‘¡“≥°“√„™â “√

‡§¡’≈ß ·∫§∑’‡√’¬°”®—¥≈Ÿ°πÈ”¬ÿß‡ªìπ‡§√◊ËÕß¡◊ÕÕ’°™π‘¥

Àπ÷Ëß∑’Ë “¡“√∂π”¡“„™â∑¥·∑π “√‡§¡’ ‰¥â ‡™àπ°—π

ª√‘¡“≥°“√„™âß“π‡æ◊ËÕº≈ ”‡√Á®¢Õß°“√§«∫§ÿ¡Õ“®

·μ°μà“ß°—π‰ª„π·μà≈–æ◊Èπ∑’Ë ´÷ËßÕ“®¢÷ÈπÕ¬Ÿà°—∫æ◊Èπ∞“π

°“√¥◊ÈÕÀ√◊Õ√–¥—∫§«“¡μâ“π∑“πμàÕ‡§¡’°”®—¥·¡≈ß¢Õß

¬ÿß≈“¬„π·μà≈–∑âÕß∂‘Ëπ °≈ÿà¡·∫§∑’‡√’¬´÷Ëß‡ªìπ‡™◊ÈÕ°àÕ

‚√§„π¬ÿß‰¥â√—∫°“√æ—≤π“‡æ◊ËÕ°“√§«∫§ÿ¡·¡≈ß‚¥¬¡’

«—μ∂ÿª√– ß§å‡æ◊ËÕ·°âªí≠À“·¡≈ß¥◊ÈÕ¬“ ‡π◊ËÕß®“°

°√–∫«π°“√∑”≈“¬·¡≈ß¢Õß·∫§∑’‡√’¬·μ°μà“ß®“°

 “√‡§¡’(13) Bacillus thuringiensis subsp. israelensis

‡ªìπ·∫§∑’‡√’¬∑’Ë¡’ª√– ‘∑∏‘¿“æ°”®—¥≈Ÿ°πÈ”¬ÿß≈“¬·≈–√‘Èπ

¥”(1,3) ·≈–‰¥âπ”¡“„™â„π°“√§«∫§ÿ¡·¡≈ßæ“À–π”‚√§

„πÀ≈“¬ª√–‡∑»„π∑«’ªÕ‡¡√‘°“ ¬ÿ‚√ª ·≈–·Õø√‘°“

‡ªìπ√–¬–‡«≈“μàÕ‡π◊ËÕßπ“π°«à“ 20 ªï(11,12) °≈à“«°—π«à“

‚Õ°“ °“√ √â“ß§«“¡μâ“π∑“π¢Õß·¡≈ß‡ªÑ“À¡“¬μàÕ

·∫§∑’‡√’¬¥—ß°≈à“«Õ“®‡°‘¥¢÷Èπ‰¥â·μà„™â√–¬–‡«≈“¬“«π“π

¡“°(2) À“°®–‡ª√’¬∫‡∑’¬∫°—∫°“√ √â“ß§«“¡μâ“π∑“π

¢Õß·¡≈ßμàÕ‡§¡’°”®—¥·¡≈ßª√–‡¿∑ÕÕ√å°“‚π§≈Õ√’π

ÕÕ√å°“‚πøÕ øÕ√—  §“√å∫“‡¡∑ ·≈–‰æ√’∑√Õ¬¥å

 —ß‡§√“–Àå ·μà°“√„™â·∫§∑’‡√’¬®–‰¡à‰¥âº≈‡≈¬∂â“„™â¥â«¬

Õ—μ√“∑’Ë‰¡à∂Ÿ°μâÕß √«¡∑—ÈßÀ“°¡’·π«‚πâ¡∑’Ë≈Ÿ°πÈ”¬ÿß≈“¬

 √â“ß§«“¡μâ“π∑“π‰¥â·≈â«®–∑”„Àâ°“√§«∫§ÿ¡¬ÿß≈“¬

‰¡à¡’ª√– ‘∑∏‘¿“æ‡∑à“∑’Ë§«√ ®÷ß§«√»÷°…“„Àâ™—¥‡®π∂÷ß

‚Õ°“ ·≈–√–¬–‡«≈“„π°“√ √â“ß§«“¡μâ“π∑“πμàÕ

·∫§∑’‡√’¬¢Õß≈Ÿ°πÈ”¬ÿß≈“¬

§≥–ºŸâ«‘®—¬®÷ß‰¥âμ‘¥μ“¡°“√ √â“ß§«“¡μâ“π∑“πμàÕ

Bti ‡π◊ËÕß®“°ªí®®ÿ∫—π®ÿ≈‘π∑√’¬åπ’È¬—ß§ß‡ªìπ “√™’«¿“æ

°”®—¥≈Ÿ°πÈ”∑’Ë„™â‡ªìπ¡“μ√°“√‡ √‘¡„π°“√ªÑÕß°—π°”®—¥

¬ÿß≈“¬„πª√–‡∑»‰∑¬ ‡æ◊ËÕ„ÀâÀπà«¬ß“π§«∫§ÿ¡·¡≈ß

æ“À–‰¥â∑√“∫∂÷ßæ—≤π“°“√ √â“ß§«“¡μâ“π∑“πμàÕ Bti

¢Õß≈Ÿ°πÈ”¬ÿß≈“¬ ÷́Ëß®– “¡“√∂„™â‡ªìπ¢âÕ¡Ÿ≈„π°“√

æ‘®“√≥“‡≈◊Õ°„™â«‘∏’°”®—¥·¡≈ßμ“¡§«“¡‡À¡“– ¡

∑—Èßπ’È‡æ◊ËÕ„Àâ°“√„™â®ÿ≈‘π∑√’¬å™π‘¥π’È¡’ª√– ‘∑∏‘¿“æ Ÿß„π

ß“π§«∫§ÿ¡¬ÿßæ“À–√–¥—∫ª√–‡∑»

«‘∏’°“√»÷°…“

√Ÿª·∫∫°“√»÷°…“

‡ªìπ°“√»÷°…“‡™‘ß∑¥≈Õß (experimental study)

‚¥¬∑¥ Õ∫À“√–¥—∫§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬

 “¬æ—π∏ÿå¡“μ√∞“π∑’Ë∂Ÿ°°√–μÿâπ¥â«¬·∫§∑’‡√’¬°”®—¥

≈Ÿ°πÈ”®”π«π 25 √ÿàπ ·≈–À“√–¥—∫§«“¡μâ“π∑“π¢Õß

≈Ÿ°πÈ”∑’Ë‡°Á∫®“°æ◊Èπ∑’Ë»÷°…“∑—ÈßÀ¡¥ 14 ®—ßÀ«—¥®“°∑ÿ°

¿“§¢Õßª√–‡∑»

«‘∏’°“√∑¥ Õ∫À“√–¥—∫§«“¡μâ“π∑“π

1. √–¥—∫§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬·μà≈–√ÿàπ

∑’Ë∂Ÿ°°√–μÿâπ¥â«¬ Bti

»÷°…“‚¥¬«‘∏’ selective pressure ‚¥¬°“√„Àâ

≈Ÿ°πÈ”¬ÿß≈“¬ Ae. aegypti √ÿàπæàÕ·¡à ´÷Ëß‡ªìπ “¬æ—π∏ÿå

¡“μ√∞“π¢Õß°√¡«‘∑¬“»“ μ√å°“√·æ∑¬å  —¡º— °—∫

Standard Bti 2-06 ∑’Ë¡’√–¥—∫§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâ

≈Ÿ°πÈ”¡’Õ—μ√“μ“¬√âÕ¬≈– 90 (LC90) ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß

‡æ◊ËÕ°√–μÿâπ„Àâ≈Ÿ°πÈ” √â“ß§«“¡μâ“π∑“πμàÕ Bti ·≈â«π”

≈Ÿ°πÈ”∑’Ë√Õ¥™’«‘μ‰ª‡≈’È¬ßμàÕ®π‡ªìπ¬ÿßμ—«‡μÁ¡«—¬ ‡æ“–

‡≈’È¬ß®π¬ÿß«“ß‰¢à·≈–øí°‡ªìπ≈Ÿ°πÈ”√ÿàπ∑’Ë 1 π”≈Ÿ°πÈ”‰ª

∑¥ Õ∫À“√–¥—∫§«“¡μâ“π∑“πμàÕ Bti ∑”‡™àππ’È∑ÿ°√ÿàπ

μàÕ Ê °—π‡√◊ËÕ¬‰ª®π°√–∑—Ëß≈Ÿ°πÈ” √â“ß§«“¡μâ“π∑“πμàÕ

Bti Õ¬à“ßπâÕ¬ 5 ‡∑à“ ®÷ß¬ÿμ‘°“√∑¥ Õ∫ °“√ √â“ß§«“¡

μâ“π∑“π °“√À“§à“§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâ≈Ÿ°πÈ”μ“¬√âÕ¬≈–

50 (LC50) ·≈–‡ª√’¬∫‡∑’¬∫§à“ LC50 √–À«à“ß≈Ÿ°πÈ”√ÿàπ

μà“ß Ê °—∫≈Ÿ°πÈ”√ÿàπæàÕ·¡à ‡æ◊ËÕ„Àâ ‰¥â§à“√–¥—∫§«“¡

μâ“π∑“π (Resistance ratio; RR) ¥—ß ¡°“√

Resistance ratio = LC50 ¢Õß≈Ÿ°πÈ”√ÿàπμà“ß Ê

LC50 ¢Õß≈Ÿ°πÈ”√ÿàπæàÕ·¡à

2. √–¥—∫§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬®“°·À≈àß

‡æ“–æ—π∏ÿå„πª√–‡∑»

 ÿà¡‡≈◊Õ° 1-2 ®—ßÀ«—¥„π·μà≈–¿“§¢Õßª√–‡∑»

‡ªìπμ—«·∑π¢Õßæ◊Èπ∑’Ë ‡°Á∫μ—«Õ¬à“ß≈Ÿ°πÈ”¬ÿß≈“¬®“°



°“√ √â“ß§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬ (Aedes aegypti) μàÕ·∫§∑’‡√’¬ Bacillus thuringiensis subsp. israelensis

«“√ “√«‘™“°“√ “∏“√≥ ÿ¢ Úııı ªï∑’Ë ÚÒ ©∫—∫∑’Ë Ò Úı

·À≈àß‡æ“–æ—π∏ÿåμ“¡∫â“π‡√◊Õπ π”¡“‡æ“–‡≈’È¬ß®π¬ÿß

«“ß‰¢à·≈–øí°‡ªìπ≈Ÿ°πÈ” ®÷ßπ”‰ª∑¥ Õ∫°—∫ Standard

Bti 2-06 ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫≈Ÿ°πÈ” “¬æ—π∏ÿå¡“μ√∞“π

¢Õß°√¡«‘∑¬“»“ μ√å°“√·æ∑¬å ‡æ◊ËÕ„Àâ∑√“∫§à“√–¥—∫

§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”®“°·μà≈–æ◊Èπ∑’Ë ¥—ß ¡°“√

Resistance ratio = LC50 ¢Õß≈Ÿ°πÈ”·μà≈–æ◊Èπ∑’Ë

LC50 ¢Õß≈Ÿ°πÈ” “¬æ—π∏ÿå¡“μ√∞“π

«— ¥ÿ

1. ·∫§‡√’¬°”®—¥≈Ÿ°πÈ”¬ÿß≈“¬ “¬æ—π∏ÿå¡“μ√∞“π ∑’Ë

¡’™◊ËÕ«à“ Standard Bti 2-06

2. ≈Ÿ°πÈ”¬ÿß≈“¬ ®“° 2 ·À≈àß§◊Õ

2.1 ≈Ÿ°πÈ” “¬æ—π∏ÿå¡“μ√∞“π®“°ÀâÕßªØ‘∫—μ‘

°“√°≈ÿà¡ß“π°’Ø«‘∑¬“∑“ß°“√·æ∑¬å °√¡«‘∑¬“»“ μ√å

°“√·æ∑¬å

2.2 ≈Ÿ°πÈ”∑’Ë‡°Á∫®“°·À≈àß‡æ“–æ—π∏ÿå„π·μà≈–

¿“§¢Õßª√–‡∑»‰∑¬

ª√°μ‘≈Ÿ°πÈ”¬ÿß≈“¬≈Õ°§√“∫ 4 §√—Èß ®“°

≈Ÿ°πÈ”√–¬–∑’Ë 1 ®π∂÷ß√–¬–∑’Ë 4 ́ ÷Ëß‡ªìπ√–¬–∑’Ë‡®√‘≠‡μÁ¡∑’Ë

‚¥¬√–¬–∑’Ë‡ªìπ≈Ÿ°πÈ”„™â‡«≈“ 6-8 «—π ®“°π—Èπ®–≈Õ°

§√“∫§√—Èß ÿ¥∑â“¬‡ªìπμ—«‚¡àßÀ√◊Õ√–¬–¥—°·¥ấ ÷Ëß„™â‡«≈“ 1-

2 «—π°Á®–°≈“¬‡ªìπ¬ÿßμ—«‡μÁ¡«—¬ °“√»÷°…“π’È„™â≈Ÿ°πÈ”

√–¬–∑’Ë 4 μÕπμâπ (≈Õ°§√“∫¡“‰¡à‡°‘π 1 «—π) ÷́Ëß¡’

§«“¡·¢Áß·√ß°«à“√–¬–Õ◊Ëπ

¢—ÈπμÕπ°“√∑¥ Õ∫

∑¥ Õ∫À“§à“§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâ≈Ÿ°πÈ”μ“¬√âÕ¬≈–

50 (LC50) ¥â«¬«‘∏’™’««‘‡§√“–Àå (bioassay) ∑”‚¥¬‡μ√’¬¡

Standard Bti 2-06 „Àâ ‰¥â§«“¡‡¢â¡¢âπμà“ß Ê Õ¬à“ßπâÕ¬

4 √–¥—∫∑’Ë∑”„Àâ≈Ÿ°πÈ”μ“¬√âÕ¬≈– 1 - 99 „ à„π∂â«¬

æ≈“ μ‘°∂â«¬≈– 100 ¡‘≈≈‘≈‘μ√ §«“¡‡¢â¡¢âπ≈– 4 ∂â«¬

„ à≈Ÿ°πÈ”¬ÿß≈“¬ 10 μ—«/∂â«¬ ∑¥ Õ∫∑—ÈßÀ¡¥ 5 §√—Èß

·≈–¡’™ÿ¥‡ª√’¬∫‡∑’¬∫‡ªìππÈ”‡ª≈à“∑’Ë ‰¡à¡’ Bti ∫—π∑÷°

®”π«π≈Ÿ°πÈ”μ“¬À≈—ß°“√∑¥ Õ∫ 24 ™—Ë«‚¡ß ª√—∫

Õ—μ√“μ“¬¥â«¬ Abbottûs formula(15)

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

„™â‚ª√·°√¡§Õ¡æ‘«‡μÕ√å Probit analysis(6) „π°“√

À“§à“ LC50 π”§à“ LC50 ®“°°“√∑¥ Õ∫∑—Èß 5 §√—Èß¡“À“

™à«ß§«“¡‡™◊ËÕ¡—Ëπ∑’Ë√âÕ¬≈– 95 (95% CI) ·≈–À“§à“‡©≈’Ë¬

(Mean) ·≈–§à“§≈“¥‡§≈◊ËÕπ¡“μ√∞“π (Standard Er-

ror; SE)

º≈°“√»÷°…“

√–¥—∫§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬·μà≈–√ÿàπ∑’Ë∂Ÿ°

°√–μÿâπ¥â«¬ Bti

°“√„Àâ≈Ÿ°πÈ”¬ÿß≈“¬ —¡º— °—∫ Bti ¥â«¬§«“¡‡¢â¡

¢âπ∑’Ë∑”„Àâ‡°‘¥°“√μ“¬√âÕ¬≈– 90 ‡æ◊ËÕ°√–μÿâπ„Àâ √â“ß

§«“¡μâ“π∑“π ·≈–∑¥ Õ∫À“√–¥—∫§«“¡μâ“π∑“π¢Õß

≈Ÿ°πÈ”¬ÿß≈“¬·μà≈–√ÿàπμàÕ·∫§∑’‡√’¬ Bti ¥—ß· ¥ßº≈„π

μ“√“ß∑’Ë 1 æ∫«à“≈Ÿ°πÈ”¬ÿß≈“¬°àÕπ°√–μÿâπÀ√◊Õ≈Ÿ°πÈ”√ÿàπ

æàÕ·¡à (P) ¡’§à“ LC50 ‡∑à“°—∫ 0.0170 ± 0.0010 mg/l

À≈—ß®“°°√–μÿâπ·≈–‡æ“–‡≈’È¬ßμàÕ‰ª æ∫«à“≈Ÿ°πÈ”√ÿàπ∑’Ë 1

∂÷ß√ÿàπ∑’Ë 5 (‰¡à· ¥ß¢âÕ¡Ÿ≈) ¬—ß¡’§à“ LC50 „°≈â‡§’¬ß°—∫√ÿàπ

æàÕ·¡à (Resistance ratio; RR 0.90 - 1.07) ·μà‡¡◊ËÕ

‡¢â“ Ÿà√ÿàπ∑’Ë 6 §à“ RR ‡√‘Ë¡‡æ‘Ë¡¢÷Èπ‡≈Á°πâÕ¬ (1.18) ·≈–

‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬ Ê ®π∂÷ß√ÿàπ∑’Ë 9 (2.49) À≈—ß®“°π—Èπ√ÿàπ∑’Ë 10

∂÷ß√ÿàπ∑’Ë 17 (‰¡à· ¥ß¢âÕ¡Ÿ≈) §à“ RR §àÕπ¢â“ß§ß∑’Ë (2.48

- 2.30) ·μà¡’∫“ß™à«ß (≈Ÿ°πÈ”√ÿàπ∑’Ë 15 - 17) ∑’Ë§à“ Resis-

tance ratio ¢÷Èπ≈ßº‘¥ª√°μ‘ ´÷ËßÕ“®®–¡’ “‡Àμÿ®“°

§«“¡§≈“¥‡§≈◊ËÕπ„π°“√∑¥ Õ∫ ·≈–™à«ß ÿ¥∑â“¬„π

≈Ÿ°πÈ”√ÿàπ 18 ∂÷ß√ÿàπ∑’Ë 25 §à“ RR  Ÿß¢÷Èπ‡ªìπ 2.66 - 5.00

·≈–≈—°…≥–°√“ø∑’Ë‰¥â§≈â“¬°—∫¢—Èπ∫—π‰¥ (√Ÿª∑’Ë 1) §◊Õ¡’

™à«ß∑’Ë≈Ÿ°πÈ”¡’√–¥—∫§«“¡μâ“π∑“π§ß∑’Ë ·≈–∫“ß™à«ß

≈Ÿ°πÈ”¡’√–¥—∫§«“¡μâ“π∑“π Ÿß¢÷Èπ‡ªìπ≈”¥—∫ ®“°º≈

°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“≈Ÿ°πÈ”¬ÿß≈“¬„π™à«ß·√° μ—Èß

·μà√ÿàπæàÕ·¡à∂÷ß√ÿàπ∑’Ë 5 ‰¡à· ¥ß§«“¡μâ“π∑“πμàÕ Bti ‡≈¬

À≈—ß®“°π—Èπ≈Ÿ°πÈ”„π√ÿàπ∑’Ë 6 ∂÷ß√ÿàπ∑’Ë 24 ‡√‘Ë¡¡’°“√ √â“ß

§«“¡μâ“π∑“πμàÕ Bti ¡“°¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕß ‚¥¬§à“ RR
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μ“√“ß∑’Ë 1 §à“§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâ‡°‘¥°“√μ“¬√âÕ¬≈– 50 (LC50) ·≈–§à“√–¥—∫§«“¡μâ“π∑“π (Resistance ratio) μàÕ Bacillus thuringiensis

subsp. israelensis ¢Õß≈Ÿ°πÈ”¬ÿß≈“¬ 25 √ÿàπ

LC50 (mg/l) 95% CI
√ÿàπ¢Õß≈Ÿ°πÈ”¬ÿß≈“¬ Resistance ratio (RR)

mean ± SE Lower Upper

P 0.0170 ± 0.0010 0.0126 0.0214 1.00

1 0.0182 ± 0.0012 0.0142 0.0221 1.07

3 0.0175 ± 0.0013 0.0151 0.0205 1.03

6 0.0201 ± 0.0011 0.0167 0.0234 1.18

9 0.0423 ± 0.0024 0.0348 0.0498 2.49

12 0.0410 ± 0.0017 0.0357 0.0463 2.41

15 0.0446 ± 0.0025 0.0365 0.0527 2.62

18 0.0453 ± 0.0007 0.0431 0.0474 2.66

21 0.0567 ± 0.0026 0.0482 0.0651 3.33

24 0.0786 ± 0.0026 0.0704 0.0868 4.62

25 0.0851 ± 0.0017 0.0776 0.0927 5.00

√Ÿª∑’Ë 1 §à“√–¥—∫§«“¡μâ“π∑“π (Resistance ratio) μàÕ Bacillus thuringiensis subsp. israelensis ¢Õß≈Ÿ°πÈ”¬ÿß≈“¬ 25 √ÿàπ

1.18 - 4.62  à«π√ÿàπ ÿ¥∑â“¬∑’Ë∑¥ Õ∫§◊Õ√ÿàπ∑’Ë 25 ≈Ÿ°πÈ”

¬ÿß≈“¬‰¥â· ¥ß§«“¡μâ“π∑“πμàÕ Bti  Ÿß ÿ¥‚¥¬¡’§à“ RR

5.00

√–¥—∫§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬®“°·À≈àß‡æ“–
æ—π∏ÿå„πª√–‡∑»

®“°°“√ ”√«®æ◊Èπ∑’Ë·≈–‡°Á∫μ—«Õ¬à“ß≈Ÿ°πÈ”¬ÿß≈“¬

®“°®—ßÀ«—¥μà“ß Ê „π∑ÿ°¿“§¢Õßª√–‡∑»‰∑¬ √«¡ 14

®—ßÀ«—¥ ·≈â«π”¡“∑¥ Õ∫À“√–¥—∫§«“¡μâ“π∑“π°—∫

Standard Bti 2-06 ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫º≈¢Õß≈Ÿ°πÈ”

 “¬æ—π∏ÿå¡“μ√∞“π¢Õß°√¡«‘∑¬“»“ μ√å°“√·æ∑¬å∑’Ë¡’

§«“¡‰«μàÕ Bti æ∫«à“≈Ÿ°πÈ”®“° 3 ‡¢μ„π°√ÿß‡∑æœ ¡’§à“

RR Õ¬Ÿà„π™à«ß 1.31 - 1.53 ≈Ÿ°πÈ”®“°‡¢μª√‘¡≥±≈‰¥â·°à

ππ∑∫ÿ√’ ª∑ÿ¡∏“π’ ·≈– ¡ÿ∑√ª√“°“√ ¡’§à“ RR Õ¬Ÿà„π



°“√ √â“ß§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬ (Aedes aegypti) μàÕ·∫§∑’‡√’¬ Bacillus thuringiensis subsp. israelensis
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™à«ß 1.25 - 2.04 ≈Ÿ°πÈ”®“°¿“§‡Àπ◊Õ ¿“§μ–«—πÕÕ°

‡©’¬ß‡Àπ◊Õ ¿“§μ–«—πÕÕ° ¿“§μ–«—πμ° ·≈–¿“§„μâ ¡’

§à“ RR Õ¬Ÿà„π™à«ß 1.38 - 1.46, 1.18 - 1.36, 1.05 -

1.19, 1.06- 1.22 ·≈– 1.16 - 1.29 μ“¡≈”¥—∫ ®“°

¢âÕ¡Ÿ≈∑’Ë‰¥âæ∫«à“≈Ÿ°πÈ”®“°∑—Ë«ª√–‡∑» ¡’§à“ RR Õ¬Ÿà„π™à«ß

1.05 - 2.04 ‚¥¬§à“ RR  Ÿß ÿ¥ (2.04) ‡ªìπ¢Õß≈Ÿ°πÈ”

®“°Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥ª∑ÿ¡∏“π’·≈–§à“ RR μË” ÿ¥ (1.05)

®“°®—ßÀ«—¥™≈∫ÿ√’ (μ“√“ß∑’Ë 2 ·≈–√Ÿª∑’Ë 2)

«‘®“√≥å
°“√æ‘®“√≥“«à“·¡≈ß¡’°“√¥◊ÈÕÀ√◊Õ √â“ß§«“¡

μâ“π∑“πμàÕ®ÿ≈‘π∑√’¬å°”®—¥·¡≈ß¬—ß‰¡à¡’À≈—°‡°≥±å∑’Ë

™—¥‡®π ·μà ”À√—∫ “√‡§¡’°”®—¥·¡≈ß‰¥â¡’°“√°”Àπ¥

À≈—°‡°≥±å°“√æ‘®“√≥“‰«â«à“ À“°§à“ RR  Ÿß°«à“ 10

· ¥ß«à“·¡≈ß √â“ß§«“¡μâ“π∑“πμàÕ “√‡§¡’™π‘¥π—Èπ Ê

¡“°(16) ®“°°“√»÷°…“§√—Èßπ’È≈Ÿ°πÈ”¬ÿß≈“¬∑’Ë∂Ÿ°°√–μÿâπ„Àâ

 √â“ß§«“¡μâ“π∑“π¥â«¬ Bti ∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß‡æ◊ËÕ§—¥

μ“√“ß∑’Ë 2 §à“§«“¡‡¢â¡¢âπ∑’Ë∑”„Àâ‡°‘¥°“√μ“¬√âÕ¬≈– 50 (LC50) ·≈–§à“√–¥—∫§«“¡μâ“π∑“π (Resistance ratio) μàÕ Bacillus thuringiensis subsp.

israelensis ¢Õß≈Ÿ°πÈ”¬ÿß≈“¬®“°®—ßÀ«—¥μà“ß Ê

LC50 (mg/l) 95% CI
≈”¥—∫∑’Ë ®—ßÀ«—¥ Resistance ratio

mean ±±±±± SE Lower Upper

¿“§°≈“ß

1 °√ÿß‡∑æ¡À“π§√

- ‡¢μæ≠“‰∑ 0.0223 ± 0.0006 0.0202 0.0243 1.31

- ‡¢μμ≈‘Ëß™—π 0.0261 ± 0.0034 0.0152 0.0369 1.53

- ‡¢μ¡’π∫ÿ√’ 0.0230 ± 0.0009 0.0199 0.0260 1.35

2 ππ∑∫ÿ√’ Õ”‡¿Õª“°‡°√Á¥ 0.0212 ± 0.0011 0.0178 0.0246 1.25

3 ª∑ÿ¡∏“π’ Õ”‡¿Õ‡¡◊Õß 0.0347 ± 0.0031 0.0250 0.0444 2.04

4  ¡ÿ∑√ª√“°“√ Õ”‡¿Õ∫“ßæ≈’ 0.0290 ± 0.0003 0.0281 0.0298 1.71

¿“§‡Àπ◊Õ

5 ‡™’¬ß„À¡à 0.0249 ± 0.0014 0.0204 0.0294 1.46

6 ‡™’¬ß√“¬ 0.0235 ± 0.0017 0.0188 0.0282 1.38

¿“§μ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ

7 π§√√“™ ’¡“ 0.0201 ± 0.0014 0.0156 0.0246 1.18

8 ¢Õπ·°àπ 0.0232 ± 0.0008 0.0206 0.0257 1.36

¿“§μ–«—πÕÕ°

9 ™≈∫ÿ√’ 0.0179 ± 0.0008 0.0155 0.0204 1.05

10 √–¬Õß 0.0202 ± 0.0008 0.0175 0.0228 1.19

¿“§μ–«—πμ°

11 √“™∫ÿ√’ 0.0181 ± 0.0005 0.0165 0.0196 1.06

12 °“≠®π∫ÿ√’ 0.0208 ± 0.0006 0.0189 0.0228 1.22

¿“§„μâ

13  ß¢≈“ 0.0220 ± 0.0003 0.0211 0.0228 1.29

14 ¿Ÿ‡°Áμ 0.0198 ± 0.0002 0.0192 0.0205 1.16

À¡“¬‡Àμÿ : ≈Ÿ°πÈ” “¬æ—π∏ÿå¡“μ√∞“π¢Õß°√¡«‘∑¬“»“ μ√å°“√·æ∑¬å ¡’§à“ LC50 0.0170 ± 0.0010 mg/l
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‡≈◊Õ°μ—«∑’Ë√Õ¥™’«‘μ„π·μà≈–√ÿàπ¡“‡æ“–‡≈’È¬ß‡ªìπ≈Ÿ°πÈ”

√ÿàπμàÕ‰ª æ∫«à“À≈—ß°“√°√–μÿâπ‰¥â 25 √ÿàπ §à“ LC50 ‡æ‘Ë¡

¢÷Èπ®“° 0.0170 ‡ªìπ 0.0851 mg/l ‚¥¬¡’§à“ RR ‡æ‘Ë¡

‡ªìπ 5 ‡∑à“ ‡¡◊ËÕ‡∑’¬∫‡§’¬ß°—∫‡°≥±å°“√æ‘®“√≥“°“√

¥◊ÈÕÀ√◊Õμâ“π∑“πμàÕ “√‡§¡’ · ¥ß«à“≈Ÿ°πÈ”¬ÿß≈“¬¡’

§«“¡μâ“π∑“πμàÕ Bti ‡æ’¬ß‡≈Á°πâÕ¬·¡â®–‰¥â∂à“¬∑Õ¥

§«“¡μâ“π∑“π¡“∂÷ß 25 √ÿàπ ´÷Ëß∂◊Õ«à“‡ªìπ√–¬–‡«≈“∑’Ë

¬“«π“π  Õ¥§≈âÕß°—∫º≈°“√»÷°…“¢Õß Becker and

Ludwig(2) ∑’Ëæ∫«à“°“√ √â“ß§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß

≈“¬À√◊Õ·¡≈ß‡ªÑ“À¡“¬Õ◊Ëπ Ê °—∫·∫§∑’‡√’¬ “¡“√∂

‡°‘¥¢÷Èπ‰¥â·μà„™â√–¬–‡«≈“¬“«π“π¡“°‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫°“√ √â“ß§«“¡μâ“π∑“π¢Õß·¡≈ßμàÕ‡§¡’°”®—¥·¡≈ß

ª√–‡¿∑ÕÕ√å°“‚π§≈Õ√’π ÕÕ√å°“‚πøÕ øÕ√—  §“√å∫“-

‡¡∑ ·≈–‰æ√’∑√Õ¬¥å —ß‡§√“–Àå πÕ°®“°π’È¬—ß¡’º≈°“√

∑¥ Õ∫¢Õß Huang et al.(10) ∑’Ë‰¥â∑¥ Õ∫°“√ √â“ß§«“¡

μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬„πÀâÕßªØ‘∫—μ‘°“√æ∫«à“≈Ÿ°πÈ”

‰¡à √â“ß§«“¡μâ“π∑“πμàÕ Bti ‡™àπ‡¥’¬«°—π

°“√∑’Ë≈Ÿ°πÈ”¬ÿß≈“¬ √â“ß§«“¡μâ“π∑“πμàÕ Bti ‰¥â

πâÕ¬·≈–„™â‡«≈“π“ππà“®–‡°’Ë¬«¢âÕß°—∫°≈‰°°“√

∑”≈“¬≈Ÿ°πÈ”¢Õß Bti ‡π◊ËÕß®“°·∫§∑’‡√’¬™π‘¥π’È¡’

‚ª√μ’π∑’Ë‡ªìπ “√æ‘… (toxin protein) ·μ°μà“ß°—π∂÷ß ’Ë™π‘¥

§◊Õ Cry4A, Cry4B, Cry11Aa ·≈– Cyt1Aa(5) ·≈–¡’

°≈‰°°“√∑”ß“π∑’Ë´—∫´âÕπ √«¡∑—Èß‚ª√μ’π·μà≈–™π‘¥¡’

°“√∑”ß“π‡ √‘¡ƒ∑∏‘Ï°—π ≈Ÿ°πÈ”®÷ß¡’‚Õ°“  √â“ß§«“¡

μâ“π∑“π‰¥â¬“°(14) ·μ°μà“ß®“°°≈‰°°“√∑”≈“¬¢Õß “√

‡§¡’∑’ËÕÕ°ƒ∑∏‘Ï‚¥¬°“√¬—∫¬—Èß°“√∑”ß“π¢Õß‡Õπ‰´¡å„π

μ—«·¡≈ß ´÷Ëß·¡≈ß “¡“√∂æ—≤π“„Àâμâ“π∑“πμàÕ “√

‡§¡’‰¥â ‰¡à¬“°(9)

 ”À√—∫√–¥—∫§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”¬ÿß≈“¬®“°

·À≈àß‡æ“–æ—π∏ÿå„π∑ÿ°¿“§¢Õßª√–‡∑»‰∑¬ æ∫«à“≈Ÿ°πÈ”

∑ÿ°æ◊Èπ∑’Ë¡’§«“¡μâ“π∑“πμàÕ Bti πâÕ¬¡“° ‚¥¬¡’§à“ RR

Õ¬Ÿà „π™à«ß 1.05 - 2.04 ¥—ßπ—Èπ≈Ÿ°πÈ”¬ÿß≈“¬∑’Ë‡°Á∫

μ—«Õ¬à“ß®“°∑ÿ°¿“§¢Õßª√–‡∑»¬—ß§ß¡’§«“¡‰«μàÕ

·∫§∑’‡√’¬™π‘¥π’È Õ¬à“ß‰√°Áμ“¡°“√„™â Bti §«∫§ÿ¡

≈Ÿ°πÈ”¬ÿß≈“¬„πª√–‡∑»‰∑¬∂◊Õ«à“¬—ß„™âπâÕ¬¡“°‡¡◊Ë Õ

‡∑’¬∫°—∫°“√„™â “√‡§¡’ °“√∑’Ë≈Ÿ°πÈ”·μà≈–æ◊Èπ∑’Ë¡’√–¥—∫

§«“¡μâ“π∑“πμàÕ Bti ∑’Ë·μ°μà“ß°—π Õ“®‡ªìπ‡æ√“–æ◊Èπ

∞“π§«“¡μâ“π∑“π¢Õß≈Ÿ°πÈ”·≈–¬ÿßμ—«‡μÁ¡«—¬μàÕ‡§¡’

°”®—¥·¡≈ß™π‘¥μà“ß Ê ¡’§«“¡·μ°μà“ß°—π(4,8) Õ¬à“ß‰√

°Áμ“¡„πª√–‡∑»∑’Ë¡’°“√„™â Bti „πª√‘¡“≥¡“°¡“‡ªìπ

√Ÿª∑’Ë 2 §à“√–¥—∫§«“¡μâ“π∑“π (Resistance ratio) μàÕ Bacillus thuringiensis subsp. israelensis ¢Õß≈Ÿ°πÈ”¬ÿß≈“¬®“°®—ßÀ«—¥μà“ß Ê
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‡«≈“π“π°«à“ ‘∫ªïÕ¬à“ß·Õø√‘°“ Õ‡¡√‘°“·≈–‡¬Õ√¡—π

°Á¡’√“¬ß“π«à“‰¡àæ∫ªí≠À“≈Ÿ°πÈ” √â“ß§«“¡μâ“π∑“π

‡™àπ°—π(7)

 √ÿª
À“°¡’°“√„™â Bti „π°“√§«∫§ÿ¡≈Ÿ°πÈ”¬ÿß≈“¬Õ¬à“ß

μàÕ‡π◊ËÕß ‚Õ°“ ∑’Ë≈Ÿ°πÈ”¬ÿß≈“¬®– √â“ß§«“¡μâ“π∑“πμàÕ

Bti °ÁÕ“®‡°‘¥¢÷Èπ‰¥â·μàπâÕ¬¡“° ¥—ßπ—Èπ°“√„™â Bti °Á¬—ß

§ß¡’¢âÕ§«√√–«—ß‡√◊ËÕß§«“¡μâ“π∑“πÀ√◊Õ°“√¥◊ÈÕμàÕ

·∫§∑’‡√’¬°”®—¥≈Ÿ°πÈ”∂÷ß·¡â«à“®–¡’πâÕ¬¡“°‡¡◊ËÕ‡∑’¬∫

°—∫°“√„™â “√‡§¡’°”®—¥≈Ÿ°πÈ” ´÷Ëßªí®®ÿ∫—πæ∫ªí≠À“«à“

≈Ÿ°πÈ”·≈–·¡≈ß™π‘¥Õ◊Ëπ Ê ¡’°“√ √â“ß§«“¡μâ“π∑“π

μàÕ‡§¡’°”®—¥·¡≈ß¡“°¢÷Èπ‡√◊ËÕ¬ Ê  à«π≈Ÿ°πÈ”¬ÿß≈“¬∑’Ë

‡°Á∫μ—«Õ¬à“ß®“°∑—Ë«∑ÿ°¿“§¢Õßª√–‡∑»‰∑¬ æ∫«à“¬—ß

‰¡à¡’ªí≠À“°“√ √â“ß§«“¡μâ“π∑“π ≈Ÿ°πÈ”¬—ß§ß¡’§«“¡
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Abstract Resistance Development to Bacterial Larvicide of Aedes aegypti
Nittaya Methawanitpong, Laojana Chaowanadisai, Mongkon Riyapan, Tipnalin Tapienthong
National Institute of Health, Department of Medical Sciences
Journal of Health Science 2012; 21:23-30.

Bacillus thuringiensis subsp. israelensis (Bti) is known to be highly effective against Aedes
aegypti larvae. Resistance to Bti among populations of Ae. aegypti could occur in the long run. This
laboratory study to determine levels of resistance of Ae. aegypti larvae to Bti was carried out. The
technique selection of resistance colonies was made by serial exposure to bacterial larvicide. Each
generation survivors designed at 10 percent were subsequently subjected to Bti selection. This pro-
cess was confined to 25 generations.  As a result, a low level of resistance was found and the resis-
tance ratio at LC50 was 5.0 when compared with the non-selected group. Another study on resistance
of Ae. aegypti larvae from each of 14 provinces in 6 parts was conducted and all of them showed
very low resistance ratio to Bti. Larvae from Pathum Thani province yielded the highest resistance
ratio at 2.04 while larvae from Chonburi province showed the lowest at 1.05. In conclusion, Bti still
is a potential larvicide for Ae. aegypti larvae control, because the resistance of Ae. aegypti larva to
Bti is slowly developed.

Key words: Bacillus thuringiensis subsp. israelensis (Bti), Aedes aegypti larva, resistance ratio, LC50
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