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°“√®”·π°§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡„π¢â“«‚æ¥¢â“«‡Àπ’¬«

‚¥¬„™â≈—°…≥–∑“ß —≥∞“π·≈–‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’

Identification of genetic diversity in waxy corn using
morphological traits and RAPD markers
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∫∑§—¥¬àÕ: °“√®”·π°§«“¡À≈“°À≈“¬∑“ßæ—π∏ÿ°√√¡ ‡ªìπ¢—ÈπµÕπ ”§—≠ ∑’Ë®–π”‰ª Ÿà§«“¡ ”‡√Á®„π°“√ª√—∫ª√ÿß

æ—π∏ÿåæ◊™ «—µ∂ÿª√– ß§å¢Õß°“√»÷°…“π’È ‡æ◊ËÕ®—¥°≈ÿà¡¢Õß¢â“«‚æ¥¢â“«‡Àπ’¬« ‚¥¬„™â≈—°…≥–∑“ß —≥∞“π ·≈–„™â‡§√◊ËÕßÀ¡“¬

Õ“√å‡Õæ’¥’ π”¢â“«‚æ¥¢â“«‡Àπ’¬« 10  “¬æ—π∏ÿå/æ—π∏ÿå ª≈Ÿ°∑¥ Õ∫„πƒ¥ŸΩπ √–À«à“ß‡¥◊Õπæƒ…¿“§¡ 2551 ∂÷ß  ‘ßÀ“§¡

2551 ·≈– ƒ¥ŸÀπ“« √–À«à“ß‡¥◊Õπ æƒ»®‘°“¬π 2551 ∂÷ß °ÿ¡¿“æ—π∏å 2552 ≥ À¡«¥æ◊™º—° ¡À“«‘∑¬“≈—¬¢Õπ·°àπ

®—¥°≈ÿà¡æ—π∏ÿå ‚¥¬„™â≈—°…≥–∑“ß —≥∞“π ∑—ÈßÀ¡¥ 6 ·∫∫ ª√–°Õ∫¥â«¬ 1) ®—¥°≈ÿà¡‚¥¬„™â≈—°…≥–∑—ÈßÀ¡¥ 2) πÈ”Àπ—°

º≈º≈‘µΩí° ¥∑—Èß‡ª≈◊Õ° 3) πÈ”Àπ—°º≈º≈‘µΩí° ¥ªÕ°‡ª≈◊Õ°·≈â« 4) πÈ”Àπ—°º≈º≈‘µΩí° ¥∑—Èß‡ª≈◊Õ°·≈–ªÕ°‡ª≈◊Õ°

5) Õß§åª√–°Õ∫º≈º≈‘µ  ·≈– 6) ≈—°…≥–∑“ß°“√‡°…µ√ µ“¡ Wardís minimum variance ‚¥¬„™â‚ª√·°√¡ SAS Proc

CLUSTER and TREE ·≈–®—¥°≈ÿà¡æ—π∏ÿå‚¥¬„™â‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’ ®”π«π 10 ‰æ√‡¡Õ√å ®“°°“√»÷°…“°“√®—¥°≈ÿà¡ ‚¥¬„™â

≈—°…≥–∑“ß —≥∞“π∑—Èß 6 ·∫∫ æ∫«à“  “¡“√∂®”·π°°≈ÿà¡‰¥â 2 °≈ÿà¡ °≈ÿà¡∑’Ë 1 ª√–°Õ∫¥â«¬ 4 æ—π∏ÿå ¥—ßπ’È 101 204 209

·≈– 216 ·≈– °≈ÿà¡∑’Ë 2 ª√–°Õ∫¥â«¬ 6 æ—π∏ÿå ¥—ßπ’È BW NS SLE 919W RT ·≈– DL  à«π°“√®—¥°≈ÿà¡æ—π∏ÿå‚¥¬„™â‡§√◊ËÕßÀ¡“¬

Õ“√å‡Õæ’¥’ æ∫«à“  “¡“√∂®—¥°≈ÿà¡·≈–·¬°§«“¡·µ°µà“ß‰¥â‡ªìπ 3 °≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë 1 ª√–°Õ∫¥â«¬æ—π∏ÿå 101 204 ·≈– 209

°≈ÿà¡∑’Ë 2 ª√–°Õ∫¥â«¬ 216 BW NS ·≈– SLE °≈ÿà¡∑’Ë 3 ª√–°Õ∫¥â«¬ 919W RT ·≈– DL ́ ÷Ëß “¡“√∂„™âª√–‚¬™πå°“√®”·π°

°≈ÿà¡æ—π∏ÿå„π§√—Èßπ’È „π°“√°”Àπ¥°≈¬ÿ∑∏å„π°“√ª√—∫ª√ÿßæ—π∏ÿå ‡æ◊ËÕ«“ß·ºπ„π°“√ °—¥ “¬æ—π∏ÿå·∑â·≈–°“√ √â“ßæ—π∏ÿå≈Ÿ°º ¡

§” ”§—≠: °“√ª√—∫ª√ÿßæ—π∏ÿåæ◊™, °“√®—¥°≈ÿà¡æ—π∏ÿå, ¢â“«‚æ¥¢â“«‡Àπ’¬«

Abstract: Identification of genetic diversity and resource is an important step leading to succeed in plant
breeding. The objective of this study was to classify glutinous or waxy corn cultivars into distinct groups, using of
morphological traits and RAPD markers. Ten glutinous corn cultivars were evaluated in two seasons (in the rainy
season during May-August 2008 and dry season during November 2008-February 2009 at the Experimental Farm of
Khon Kaen University. Grouping of glutinous corn cultivars, based on morphological traits, was carried out in using
six different methods or data categories: 1) all morphological traits, 2) un-husked fresh ear yield, 3) husked fresh ear
yield, 4) both husked fresh ear yield and un-husked fresh ear  yield, 5) yield components 6) agronomic traits of
Wardís minimum variance. Grouping of these corn cultivars, based on RAPD markers with ten primers, was also
carried out. All calculations were done using cluster and tree functions in SAS Proc CLUSTER and TREE. Grouping
based on 6 categories of morphological traits could classify the corn cultivars into two following distinct clusters:
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§”π”

¢â“«‚æ¥¢â“«‡Àπ’¬« (waxy corn or glutinous corn)

‡ªìπ¢â“«‚æ¥√—∫ª√–∑“πΩí° ¥∑’Ë‰¥â√—∫§«“¡π‘¬¡∫√‘‚¿§

¢Õß§π‰∑¬¡“™â“π“π ¡’°“√º≈‘µ·≈–®”Àπà“¬„πµ≈“¥

∑âÕß∂‘Ëπ∑—Ë«ª√–‡∑»µ≈Õ¥∑—Èßªï πÕ°®“°ª√–‡∑»‰∑¬

·≈â«¢â“«‚æ¥¢â“«‡Àπ’¬«¬—ßπ‘¬¡∫√‘‚¿§„π·∂∫∑«’ª

‡Õ‡™’¬ ´÷Ëß‡ªìπµ≈“¥∑’Ë¡’¢π“¥„À≠à ‡™àπ ®’π ‡«’¬¥π“¡

‰µâÀ«—π ·≈–‡°“À≈’„µâ ‡ªìπµâπ °“√§—¥‡≈◊Õ°æ—π∏ÿå/

 “¬æ—π∏ÿå ∑’Ë‡À¡“– ¡ ·≈–·∫àß°≈ÿà¡‡æ◊ËÕæ—≤π“ “¬

æ—π∏ÿå·∑â ‡ªìπ ‘Ëß ”§—≠∑’Ë°”Àπ¥§«“¡ ”‡√Á®„π‚ª√·°√¡

°“√ª√—∫ª√ÿßæ—π∏ÿåæ◊™ (Melani and Carena, 2005) ´÷Ëß

 “¡“√∂π”‰ªÕÕ°·∫∫‚ª√·°√¡°“√ª√—∫ª√ÿßæ—π∏ÿå‰¥â

·≈– “¡“√∂‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°àÕπ √â“ß§Ÿàº ¡ ‡æ◊ËÕ

ª√–À¬—¥‡«≈“ ·≈–§à“„™â®à“¬‰¥â °“√»÷°…“§«“¡À≈“°

À≈“¬∑“ßæ—π∏ÿ°√√¡¢Õßæ◊™ “¡“√∂∑”‰¥â ‚¥¬°“√„™â

≈—°…≥–∑“ß —≥∞“π„π°“√æ‘®“√≥“ ·≈–„πªí®®ÿ∫—π

§«“¡°â“«Àπâ“∑“ß¥â“π™’«‚¡‡≈°ÿ≈¡’§«“¡°â“«Àπâ“

‰ª¡“°  “¡“√∂„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ„π‚ª√·°√¡

°“√ª√—∫ª√ÿßæ—π∏ÿåæ◊™ ·≈–¡’ß“πÀ≈“¬ß“π ∑’Ë„™â

‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ„π°“√®—¥°≈ÿà¡æ—π∏ÿå¢Õß¢â“«‚æ¥

Sun et al., (2001) ·≈– Enoki et al., (2002) ¥—ßπ—Èπ

°“√»÷°…“„π§√—Èßπ’È ®÷ß¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ®—¥°≈ÿà¡¢Õß

¢â“«‚æ¥¢â“«‡Àπ’¬«‚¥¬„™â≈—°…≥–∑“ß —≥∞“π ·≈–

‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’

«‘∏’°“√»÷°…“

¢â“«‚æ¥¢â“«‡Àπ’¬«∑’Ë „™â „π°“√»÷°…“§√—È ßπ’È

¡’∑—ÈßÀ¡¥ 10  “¬æ—π∏ÿå/æ—π∏ÿå (Table 1) „π®”π«ππ’È

∑√“∫ª√–«—µ‘æ—π∏ÿå∑’Ë¡“ 5  “¬æ—π∏ÿå/æ—π∏ÿå §◊Õ 101 204

209 216 ·≈– 919W (Figure 1) π”¢â“«‚æ¥¢â“«‡Àπ’¬«

∑—ÈßÀ¡¥ 10  “¬æ—π∏ÿå/æ—π∏ÿå ª≈Ÿ°∑¥ Õ∫ ≥ ·ª≈ß

∑¥≈Õß À¡«¥æ◊™º—° §≥–‡°…µ√»“ µ√å ¡À“«‘∑¬“≈—¬

¢Õπ·°àπ „πƒ¥ŸΩπ √–À«à“ß‡¥◊Õπæƒ…¿“§¡ 2551 ∂÷ß

 ‘ßÀ“§¡ 2551 ·≈–ƒ¥ŸÀπ“« √–À«à“ß‡¥◊Õπ æƒ»®‘°“¬π

2551 ∂÷ß °ÿ¡¿“æ—π∏å 2552 ‚¥¬°“√«“ß·ºπ°“√∑¥ Õ∫

·∫∫ ÿà¡ ¡∫Ÿ√≥å (Randomized Complete Block) 3 ´È”

ª≈Ÿ°æ—π∏ÿå≈– 2 ·∂«µàÕ´È” ·∂«¬“« 5 ¡. √–¬–ª≈Ÿ°

80 x 25 ´¡. ·∂«≈– 20 À≈ÿ¡ À¬Õ¥‡¡≈Á¥À≈ÿ¡≈–

2 ‡¡≈Á¥ ·≈–∑”°“√‡°Á∫‡°’Ë¬«¢â“«‚æ¥Ωí° ¥À≈—ß®“°∑’Ë

¢â“«‚æ¥º ¡‡° √ ª√–¡“≥ 18-20 «—π °“√∫—π∑÷°¢âÕ¡Ÿ≈

ª√–°Õ∫¥â«¬ πÈ”Àπ—°º≈º≈‘µ∑—Èß‡ª≈◊Õ° (°°./‰√à)

πÈ”Àπ—°º≈º≈‘µªÕ°‡ª≈◊Õ° (°°./‰√à) §«“¡¬“«Ωí° (´¡.)

§«“¡°«â“ßΩí° (´¡.) Õ“¬ÿª≈àÕ¬≈–ÕÕß‡° √ («—π) Õ“¬ÿ

ÕÕ°‰À¡ («—π) §«“¡ Ÿßµâπ (´¡.) ·≈–§«“¡ ŸßΩí° (´¡.)

°“√»÷°…“„π§√—Èßπ’È ·∫àßÕÕ°‡ªìπ 2 °“√»÷°…“ §◊Õ

1) °“√®—¥°≈ÿà¡æ—π∏ÿå‚¥¬„™â≈—°…≥–∑“ß —≥∞“π ·≈–

2) °“√®—¥°≈ÿà¡æ—π∏ÿå ‚¥¬„™â‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’

°“√®—¥°≈ÿà¡æ—π∏ÿå‚¥¬„™â≈—°…≥–∑“ß —≥∞“π
°“√®”·π°°≈ÿà¡æ—π∏ÿå‚¥¬„™â≈—°…≥–∑“ß —≥∞“π

∑—ÈßÀ¡¥ 8 ≈—°…≥–‚¥¬«‘∏’«‘‡§√“–Àå°≈ÿà¡ (cluster

analysis) µ“¡ À≈—°°“√¢Õß Wardûs minimum variance

‚¥¬„™â‚ª√·°√¡ SAS Proc CLUSTER and TREE (SAS

Institute, 1996) ´÷Ëß¡’°“√®—¥°≈ÿà¡æ—π∏ÿåæàÕ·¡à∑—ÈßÀ¡¥

6 ·∫∫ ª√–°Õ∫¥â«¬ 1) ®—¥°≈ÿà¡‚¥¬„™â≈—°…≥–

∑—ÈßÀ¡¥ 2) πÈ”Àπ—°º≈º≈‘µ∑—Èß‡ª≈◊Õ° 3) πÈ”Àπ—°º≈º≈‘µ

ªÕ°‡ª≈◊Õ° 4) º≈º≈‘µ∑—Èß‡ª≈◊Õ°·≈–ªÕ°‡ª≈◊Õ°

5) Õß§åª√–°Õ∫º≈º≈‘µ (§«“¡¬“«Ωí°·≈–§«“¡°«â“ß

Ωí°) ·≈– 6) ≈—°…≥–∑“ß°“√‡°…µ√ (Õ“¬ÿª≈àÕ¬≈–ÕÕß

‡° √ Õ“¬ÿÕÕ°‰À¡ §«“¡ Ÿßµâπ ·≈–§«“¡ ŸßΩí°) ´÷Ëß

„π·µà≈–«‘∏’°“√®—¥°≈ÿà¡∫Õ°§«“¡§≈â“¬§≈÷ß∑“ß

æ—π∏ÿ°√√¡¿“¬„π·µà≈–°≈ÿà¡¢Õßæ—π∏ÿå ¥â«¬§à“  R-squared

1) 101, 204, 209 and 216 2) BW, NS, SLE 919W, RT and DL. Grouping based on RAPD markers could divide the
corn cultivars into three following distinct groups: 1) 101, 204 and 209, 2) 216, BW, NS and SLE 3) 919W, RT and
DL. This classification could be useful for determining breeding strategies aiming to extracting inbred lines and
making experimental crosses.
Keywords: plant breeding, cluster analysis, glutinous or waxy corn
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°“√®—¥°≈ÿà¡æ—π∏ÿå‚¥¬„™â‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’
∑”°“√ª≈Ÿ°¢â“«‚æ¥¢â“«‡Àπ’¬«∑—Èß 10   “¬æ—π∏ÿå/

æ—π∏ÿå (Table 1)  „π°√–∫–‡æ“–‡¡◊ËÕ¢â“«‚æ¥¡’Õ“¬ÿ‰¥â

7 «—π µ—¥„∫ÕàÕπ∫√‘‡«≥¬Õ¥¢Õßµâπ¢â“«‚æ¥¡“ °—¥¥’

‡ÕÁπ‡Õ‚¥¬„™â«‘∏’¢Õß Dellaporta et al. (1983) ∑”°“√

µ√«®«‘‡§√“–Àå§ÿ≥¿“æ·≈–ª√‘¡“≥¢Õß¥’‡ÕÁπ‡Õ ·≈â«

∑”°“√§—¥‡≈◊Õ°‰æ√‡¡Õ√å‡æ◊ËÕ„™â®—¥°≈ÿà¡æ—π∏ÿå¢Õß¢â“«‚æ¥

¢â“«‡Àπ’¬« ‚¥¬§—¥‡≈◊Õ°¥’‡ÕÁπ‡Õ¢Õß¢â“«‚æ¥¢â“«‡Àπ’¬«

3 æ—π∏ÿå ®“°∑—ÈßÀ¡¥ 10  “¬æ—π∏ÿå/æ—π∏ÿå ‡æ◊ËÕ„™â‡ªìπ

µ—«·∑π„π°“√µ√«® Õ∫À“‰æ√‡¡Õ√å∑’Ë‡À¡“– ¡ ‚¥¬

„™â‡∑§π‘§Õ“√å‡Õæ’¥’  “¡“√∂§—¥‡≈◊Õ°‰æ√‡¡Õ√å‰¥â 10

‰æ√‡¡Õ√å ®“° 87 ‰æ√‡¡Õ√å §◊Õ OPA01 OPA06 OPA08

OPA09 OPA10 OPA12 OPB08 OPB15 OPB20 ·≈–

OPX18 ´÷Ëß¡’Õß§åª√–°Õ∫¢ÕßªØ‘°‘√‘¬“ Polymerase

Chain Reactionª√–°Õ∫¥â«¬ ¥’‡ÕÁπ‡Õª√‘¡“≥ 25 π“

‚π°√—¡ 1X PCR buffer 3 mM MgCl2 0.3 mM dNTP 0.4

µM primer ·≈– Taq DNA polymerase ª√‘¡“≥ 1 ¬Ÿπ‘µ

·≈â«ª√—∫ª√‘¡“µ√¥â«¬πÈ”°≈—Ëπ„Àâ§√∫ 15 µl º ¡Õß§å

ª√–°Õ∫µà“ßÊ „Àâ‡¢â“°—π¥’ ·≈â«®÷ßπ”‰ª‡¢â“‡§√◊ËÕß DNA

Thermal cycler (PCT-0100 operations version 8.0) ‚¥¬

Table 1 Waxy corn varieties/lines used in this study.

Varieties/lines Variety type Source
101Inbred line Khon Kaen University
204Inbred line Khon Kaen University
209Inbred line Khon Kaen University
216Inbred line Khon Kaen University
BigWhite852 (BW) Single-cross hybrid Hortigenetics Research (S.E. Asia) Company Limited
Neaw-Sawan (NS) Single-cross hybrid Bangkok Seeds Industry Company Limited
Samlee-Esarn (SLE) Open-pollinated Khon Kaen University
Khon Kaen Composite1 (919W) Open-pollinated Khon Kaen University
Ratchata (RT) Open-pollinated National Corn and Sorghum Research Center
Dalat (DL) Open-pollinated Vietnam

Figure 1  Pedigree of 101, 204, 209, 216, and 919W.
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µ—ÈßÕÿ≥À¿Ÿ¡‘ 94 o´ ‡ªìπ‡«≈“ 2 π“∑’‡ªìπ‡«≈“ 1 √Õ∫

Õÿ≥À¿Ÿ¡‘  94 o´ ‡ªìπ‡«≈“ 1 π“∑’ Õÿ≥À¿Ÿ¡‘ 40 o´ ‡ªìπ

‡«≈“ 1.45 π“∑’ Õÿ≥À¿Ÿ¡‘ 72 o´ ‡ªìπ‡«≈“ 2 π“∑’ ·≈â«

∑”´È”®”π«π 47 √Õ∫ µ“¡¥â«¬Õÿ≥À¿Ÿ¡‘ 72 o´ ‡ªìπ

‡«≈“ 2 π“∑’ ®”π«π 1 √Õ∫ ®“°π—Èππ”¥’‡ÕÁπ‡Õ∑’Ë‰¥â

®“°°“√∑” PCR ¡“µ√«® Õ∫º≈¥â«¬ electrophoresis

‚¥¬„™â agarose gel ·≈â«π”≈“¬æ‘¡æå¥’‡ÕÁπ‡Õ ∑’Ë‰¥â‰ª

«‘‡§√“–Àå§«“¡·µ°µà“ß ∫—π∑÷°¢âÕ¡Ÿ≈‚¥¬µ√«®¥Ÿ

µ”·Àπàß¢Õß°“√‡°‘¥·∂∫¥’‡ÕÁπ‡Õ ·≈–‰¡àª√“°Ø·∂∫

¥’‡ÕÁπ‡Õ „π·∫∫·ºπ≈“¬æ‘¡æå¢Õß¢â“«‚æ¥¢â“«‡Àπ’¬«

·µà≈–æ—π∏ÿå ∫—π∑÷°º≈‚¥¬„™â √–∫∫µ—«‡≈¢ §◊Õ°“√ª√“°Ø

·∂∫¥’‡ÕÁπ‡Õ „Àâ —≠≈—°…≥å‡ªìπ 1 ·≈–‰¡àª√“°Ø

·∂∫¥’‡ÕÁπ‡Õ „Àâ —≠≈—°…≥å‡ªìπ 0 ‚¥¬∫—π∑÷°¢âÕ¡Ÿ≈

∑ÿ°µ”·Àπàß¢Õß·∂∫¥’‡ÕÁπ‡Õ·µà≈–‰æ√‡¡Õ√å∑’Ë„™â ®“°

π—Èππ”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª«‘‡§√“–ÀåÀ“§«“¡ —¡æ—π∏å√–À«à“ß

¢â“«‚æ¥¢â“«‡Àπ’¬«·µà≈–æ—π∏ÿå (genetic relationships)

‚¥¬Õ“»—¬§à“ similarity coefficient ¢Õß Dice (Dice, 1945)

·≈â«π”§à“ Similarity matrix ∑’Ë‰¥â¡“«‘‡§√“–Àå cluster

analysis  ‡æ◊ËÕ∑”°“√®—¥°≈ÿà¡ “¬æ—π∏ÿå¢â“«‚æ¥¢â“«‡Àπ’¬«

‚¥¬„™â«‘∏’ UPGMA (Unweighted pair-group method

on the basis of arithmetic averages) ®“°‚ª√·°√¡

NTSYSpc (Numerical Taxonomy and Multivariate

Analysis System) version 2.10p

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

°“√«‘‡§√“–Àå§«“¡·ª√ª√«π
°“√«‘‡§√“–Àå§«“¡·ª√ª√«π√«¡ (combine analysis)

¢Õß≈—°…≥–º≈º≈‘µ Õß§åª√–°Õ∫º≈º≈‘µ ·≈–≈—°…≥–

∑“ß°“√‡°…µ√ (Table 2) ®“°º≈°“√∑¥≈Õß æ∫«à“

Õ‘∑∏‘æ≈¢Õßƒ¥Ÿª≈Ÿ°¡’º≈µàÕ°“√· ¥ßÕÕ°¢Õß≈—°…≥–

πÈ”Àπ—°º≈º≈‘µªÕ°‡ª≈◊Õ° ¡’§«“¡·µ°µà“ß°—π∑“ß

 ∂‘µ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95%  ”À√—∫πÈ”Àπ—°º≈º≈‘µ

∑—Èß‡ª≈◊Õ° §«“¡°«â“ßΩí° §«“¡¬“«Ωí° Õ“¬ÿª≈àÕ¬

≈–ÕÕß‡° √  Õ“¬ÿÕÕ°‰À¡ §«“¡ Ÿßµâπ ·≈–§«“¡ Ÿß

Ωí° ¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠¬‘Ëß∑“ß ∂‘µ‘

∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 99%  à«πªØ‘°‘√‘¬“ —¡æ—π∏å

(interaction) √–À«à“ßæ—π∏ÿå∑¥ Õ∫ ·≈–ƒ¥Ÿª≈Ÿ° (variety

x season) æ∫«à“ §«“¡¬“«Ωí° ¡’§«“¡·µ°µà“ß°—π∑“ß

 ∂‘µ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95%  ”À√—∫πÈ”Àπ—°º≈º≈‘µ

∑—Èß‡ª≈◊Õ° πÈ”Àπ—°º≈º≈‘µªÕ°‡ª≈◊Õ° §«“¡°«â“ßΩí°

Õ“¬ÿª≈àÕ¬≈–ÕÕß‡° √ §«“¡ Ÿßµâπ ·≈–§«“¡ ŸßΩí°

¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠¬‘Ëß∑“ß ∂‘µ‘∑’Ë

√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ  99% ·µàÕ“¬ÿÕÕ°‰À¡ ‰¡à¡’§«“¡

·µ°µà“ß°—π∑“ß ∂‘µ‘

°“√®—¥°≈ÿà¡§«“¡ —¡æ—π∏å∑“ßæ—π∏ÿ°√√¡
1) ‚¥¬„™â≈—°…≥– —≥∞“π

®“°°“√®—¥°≈ÿà¡‚¥¬„™â≈—°…≥–∑“ß —≥∞“π

8 ≈—°…≥– ª√–°Õ∫¥â«¬ πÈ”Àπ—°º≈º≈‘µ∑—Èß‡ª≈◊Õ°
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πÈ”Àπ—°º≈º≈‘µªÕ°‡ª≈◊Õ° §«“¡°«â“ßΩí° §«“¡¬“«
Ωí° §«“¡ Ÿßµâπ §«“¡ ŸßΩí° «—πÕÕ°¥Õ° ·≈–«—πÕÕ°
‰À¡ æ—π∏ÿå∑’Ë„™â„π°“√»÷°…“„π§√—Èßπ’È  “¡“√∂®”·π°
°≈ÿà¡‰¥â 2 °≈ÿà¡ (Figure 2(a)) ‚¥¬„π·µà≈–°≈ÿà¡¡’§à“
§«“¡§≈â“¬§≈÷ß∑“ßæ—π∏ÿ°√√¡ (R2) ‡∑à“°—∫ 0.803
°≈ÿà¡∑’Ë 1 ª√–°Õ∫¥â«¬ 4 æ—π∏ÿå §◊Õ 101 209 204 ·≈–
216 ·≈– °≈ÿà¡∑’Ë 2 ª√–°Õ∫¥â«¬ 6 æ—π∏ÿå §◊Õ BW NS
SLE 919W RT ·≈– DL °“√®—¥°≈ÿà¡‚¥¬„™âπÈ”Àπ—°
º≈º≈‘µ∑—Èß‡ª≈◊Õ° “¡“√∂®”·π°°≈ÿà¡‰¥â 2 °≈ÿà¡
(Figure 2(b)) ‚¥¬„π·µà≈–°≈ÿà¡¡’§à“§«“¡§≈â“¬§≈÷ß
∑“ßæ—π∏ÿ°√√¡ (R2) ‡∑à“°—∫ 0.798  °≈ÿà¡∑’Ë 1 ª√–°Õ∫
¥â«¬ 4 æ—π∏ÿå ¥—ßπ’È 101 204 209 ·≈– 216 ·≈– °≈ÿà¡∑’Ë 2
ª√–°Õ∫¥â«¬ 6 æ—π∏ÿå ¥—ßπ’È BW SLE RT NS DL ·≈–
919W °“√®—¥°≈ÿà¡‚¥¬„™âπÈ”Àπ—°º≈º≈‘µªÕ°‡ª≈◊Õ°
®”·π°°≈ÿà¡‰¥â 2 °≈ÿà¡ (Figure 2(c)) ‚¥¬„π·µà≈–
°≈ÿà¡¡’§à“§«“¡§≈â“¬§≈÷ß∑“ßæ—π∏ÿ°√√¡ (R2) ‡∑à“°—∫
0.814 °≈ÿà¡∑’Ë 1 ª√–°Õ∫¥â«¬ 4 æ—π∏ÿå ¥—ßπ’È 101 209 204
·≈– 216 ·≈– °≈ÿà¡∑’Ë 2 ª√–°Õ∫¥â«¬ 6 æ—π∏ÿå ¥—ßπ’È BW
NS SLE  RT 919W ·≈– DL °“√®—¥°≈ÿà¡‚¥¬„™âπÈ”Àπ—°
º≈º≈‘µ∑—Èß‡ª≈◊Õ°·≈–πÈ”Àπ—°º≈º≈‘µªÕ°‡ª≈◊Õ°
®”·π°°≈ÿà¡‰¥â 2 °≈ÿà¡ (Figure 2(d)) ‚¥¬„π·µà≈–
°≈ÿà¡¡’§à“§«“¡§≈â“¬§≈÷ß∑“ßæ—π∏ÿ°√√¡ (R2) ‡∑à“°—∫
0.803 °≈ÿà¡∑’Ë 1 ª√–°Õ∫¥â«¬ 4 æ—π∏ÿå ¥—ßπ’È 101 209 204
·≈– 216 ·≈– °≈ÿà¡∑’Ë 2 ª√–°Õ∫¥â«¬ 6 æ—π∏ÿå ¥—ßπ’È
BW NS SLE  RT 919W ·≈– DL °“√®—¥°≈ÿà¡‚¥¬„™â
Õß§åª√–°Õ∫º≈º≈‘µ §◊Õ §«“¡°«â“ßΩí°·≈–§«“¡¬“«
Ωí°  “¡“√∂®”·π°°≈ÿà¡‰¥â 2 °≈ÿà¡ (Figure 2(e)) ‚¥¬
„π·µà≈–°≈ÿà¡¡’§à“§«“¡§≈â“¬§≈÷ß∑“ßæ—π∏ÿ°√√¡ (R2)
‡∑à“°—∫ 0.887 °≈ÿà¡∑’Ë 1 ª√–°Õ∫¥â«¬ 4 æ—π∏ÿå ¥—ßπ’È 101
209 204 ·≈– 216 ·≈– °≈ÿà¡∑’Ë 2 ª√–°Õ∫¥â«¬ 6 æ—π∏ÿå
¥—ßπ’È BW RT NS DL SLE  ·≈– 919W °“√®—¥°≈ÿà¡‚¥¬
„™â≈—°…≥–∑“ß°“√‡°…µ√ §◊Õ §«“¡ Ÿßµâπ §«“¡ ŸßΩí°
«—πÕÕ°¥Õ°·≈–«—πÕÕ°‰À¡  “¡“√∂®”·π°°≈ÿà¡‰¥â
2 °≈ÿà¡ (Figure 2(f)) ‚¥¬„π·µà≈–°≈ÿà¡¡’§à“§«“¡
§≈â“¬§≈÷ß∑“ßæ—π∏ÿ°√√¡ (R2) ‡∑à“°—∫ 0.869 °≈ÿà¡∑’Ë 1
ª√–°Õ∫¥â«¬ 4 æ—π∏ÿå ¥—ßπ’È 101 209 204 ·≈– 216 ·≈–
°≈ÿà¡∑’Ë 2 ª√–°Õ∫¥â«¬ 6 æ—π∏ÿå ¥—ßπ’È BW 919W DL NS

RT ·≈– SLE

®“°°“√®—¥°≈ÿà¡‚¥¬„™â≈—°…≥–∑“ß —≥∞“π∑—Èß 6

·∫∫π—Èπ®”·π°°≈ÿà¡‰¥â 2 °≈ÿà¡ °≈ÿà¡∑’Ë 1 ¡’ 4 æ—π∏ÿå

ª√–°Õ∫¥â«¬ 101 204 209 ·≈– 216 ·≈– °≈ÿà¡∑’Ë 2 ¡’ 6

æ—π∏ÿå ª√–°Õ∫¥â«¬ BW NS SLE 919W RT ·≈– DL ´÷Ëß

‡¡◊ËÕ¥Ÿ®“°ª√–«—µ‘æ—π∏ÿå·≈â« æ∫«à“ æ—π∏ÿå 101 °—∫ 204

·≈– 209 °—∫ 216 ∑’Ë®—¥Õ¬Ÿà„π°≈ÿà¡‡¥’¬«°—π‡ªìπæ—π∏ÿå∑’Ë

¡’æàÕ ·≈–·¡à√à«¡°—π

2) °“√®—¥°≈ÿà¡æ—π∏ÿå‚¥¬„™â‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’

°“√®—¥°≈ÿà¡æ—π∏ÿå‚¥¬„™â‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’

æ∫«à“  “¡“√∂®—¥°≈ÿà¡·≈–·¬°§«“¡·µ°µà“ß‰¥â‡ªìπ

3 °≈ÿà¡ (Figure 3) §◊Õ °≈ÿà¡∑’Ë 1 ª√–°Õ∫¥â«¬ 101 204

·≈– 209 °≈ÿà¡∑’Ë 2 ª√–°Õ∫¥â«¬ 216 BW NS ·≈– SLE

°≈ÿà¡∑’Ë 3 ª√–°Õ∫¥â«¬ 919W  RT ·≈– DL ´÷Ëß‡¡◊ËÕ¥Ÿ

®“°ª√–«—µ‘æ—π∏ÿåπ—Èπ “¬æ—π∏ÿå·∑â 101 ·≈– 204  “¡“√∂

®—¥°≈ÿà¡ÕÕ°¡“‰¥â∂Ÿ°µâÕßµ√ßµ“¡ª√–«—µ‘æ—π∏ÿå ·≈–¡’

§«“¡„°≈â™‘¥∑“ßæ—π∏ÿ°√√¡ (Figure 1) ·µà “¬æ—π∏ÿå·∑â

209 °—∫ 216 ·¬°°—πÕ¬Ÿà§π≈–°≈ÿà¡ ´÷Ëß¥Ÿ®“°ª√–«—µ‘

æ—π∏ÿå·≈â« ®—¥°≈ÿà¡‰¥â‰¡à∂Ÿ°µâÕß ·µàÕ¬à“ß∫“ßæ—π∏ÿå

‡™àπ  “¬æ—π∏ÿå·∑â 216 °—∫ BW ¡’§«“¡„°≈â™‘¥°—π

¡“° ∑—Èß∑’Ë·À≈àß∑’Ë¡“¡“®“°§π≈–∑’Ë ´÷ËßÕ“®®–‡ªìπ‰¥â

‡π◊ËÕß®“°¢â“«‚æ¥¢â“«‡Àπ’¬«¡’∞“πæ—π∏ÿ°√√¡·§∫·≈–/

À√◊Õ°“√®—¥°≈ÿà¡§√—Èßπ’È „™â®”π«π‰æ√‡¡Õ√å‡æ’¬ß 10 ™π‘¥

´÷ËßÕ“®®–¬—ß‰¡à§√Õ∫§≈ÿ¡ ∑”„Àâ “¡“√∂®—¥°≈ÿà¡‰¥â

∂Ÿ°µâÕß‡æ’¬ß∫“ßæ—π∏ÿå ‡∑à“π—Èπ ´÷Ëß°“√»÷°…“µàÕ‰ª§«√

¡’°“√‡æ‘Ë¡®”π«π‰æ√‡¡Õ√å∑’Ë„™â„π°“√»÷°…“„Àâ¡“°¢÷Èπ

‡æ◊ËÕ®—¥°≈ÿà¡‰¥â∂Ÿ°µâÕß¡“°°«à“π’È „π°“√®”·π°§«“¡

·µ°µà“ß°—π∑“ßæ—π∏ÿ°√√¡¢Õß¢â“«‚æ¥¢â“«‡Àπ’¬«

 “¬æ—π∏ÿåæàÕ·¡à ‚¥¬°“√„™â‡§√◊ËÕßÀ¡“¬‚¡‡≈°ÿ≈„π°“√

»÷°…“æ—π∏ÿ°√√¡¢Õß¢â“«‚æ¥ ¡’À≈“¬ß“π∑¥≈Õß∑’Ë

 “¡“√∂·¬°§«“¡·µ°µà“ß°—π∑“ßæ—π∏ÿ°√√¡¢Õß

¢â“«‚æ¥‰¥â ‡™àπ ß“π∑¥≈Õß¢Õß Sun et al. (2001) ·≈–

Enoki et al. (2002) ‡ªìπµâπ ·µà°Á¬—ß¡’√“¬ß“π«à“„π∫“ß

°“√»÷°…“ æ∫«à“ °“√„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ‰¡à “¡“√∂

®”·π°§«“¡·µ°µà“ß¢Õß “¬æ—π∏ÿåæ◊™‰¥â (Warburton

et al. 2005)
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°“√‡ª√’¬∫‡∑’¬∫°“√®—¥°≈ÿà¡æ—π∏ÿå‚¥¬„™â≈—°…≥–
∑“ß —≥∞“π°—∫‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’

®“°°“√„™â≈—°…≥–∑“ß —≥∞“π·≈–‡§√◊ËÕßÀ¡“¬

Õ“√å‡Õæ’¥’„π°“√®—¥°≈ÿà¡¢Õß¢â“«‚æ¥¢â“«‡Àπ’¬«∑—Èß 10

 “¬æ—π∏ÿå/æ—π∏ÿåπ—Èπ æ∫«à“ °“√„™â≈—°…≥–∑“ß —≥∞“π

„π°“√®—¥°≈ÿà¡ “¡“√∂®—¥°≈ÿà¡æ—π∏ÿåÕÕ°¡“‰¥â∂Ÿ°µâÕß

¡“°°«à“°“√„™â‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’ ·≈–¡’À≈“¬ß“π

∑¥≈Õß∑’Ë„™â≈—°…≥–∑“ß —≥∞“π·¬°§«“¡·µ°µà“ß

°—π∑“ßæ—π∏ÿ°√√¡¢Õß¢â“«‚æ¥‰¥â ‡™àπ ß“π∑¥≈Õß¢Õß

∑‘æ«√√≥ (2552) °“√»÷°…“§√—Èßπ’È æ∫«à“ °“√®—¥°≈ÿà¡

‚¥¬„™â≈—°…≥–∑“ß —≥∞“π„Àâº≈ÕÕ°¡“¥’°«à“°“√„™â

‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ ·µà°“√„™â≈—°…≥–∑“ß —≥∞“π

‡ªìπ≈—°…≥–¢—Èπµâπ ∑’Ëπ”¡“„™â„π°“√®”·π°æ—π∏ÿå¢Õßæ◊™

·≈–¡’¢âÕ®”°—¥ §◊Õ ≈—°…≥–∑’Ëµ√«® Õ∫¡—°®–¢÷Èπ°—∫

 ¿“æ·«¥≈âÕ¡´÷ËßÕ“®¡’§«“¡º‘¥æ≈“¥‰¥â ∫“ß§√—Èß

µâÕß„™âºŸâ∑’Ë¡’§«“¡™”π“≠‡ªìπæ‘‡»…·≈–µâÕß¡’«‘∏’∑’Ë

∫Õ°®’‚π‰∑ªá∑’Ë∂Ÿ°µâÕß®“°øï‚π‰∑ªá∑’Ëµ√«® Õ∫‰¥â

( ÿ√‘π∑√å, 2545) µâÕß‡ ’¬‡«≈“ ·≈–·√ßß“π„π°“√ª≈Ÿ°

∑¥ Õ∫Õ’°¥â«¬  à«π°“√„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ„π°“√

®—¥°≈ÿà¡§√—Èßπ’Èº≈∑’ËÕÕ°¡“¬—ß®—¥°≈ÿà¡‰¥â‰¡à¥’‡∑à“∑’Ë§«√

 “¡“√∂®—¥°≈ÿà¡ÕÕ°¡“‰¥â∂Ÿ°µâÕß‡ªìπ∫“ß°≈ÿà¡æ—π∏ÿå

‡∑à“π—Èπ ∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°®”π«π‰æ√‡¡Õ√å∑’Ë„™â„π°“√

»÷°…“§√—Èßπ’È ¡’®”π«ππâÕ¬‡°‘π‰ª ¥—ßπ—Èπ „π°“√»÷°…“

§√—ÈßµàÕ‰ª §«√‡æ‘Ë¡®”π«π‰æ√‡¡Õ√å∑’Ë„™â„Àâ¡“°¢÷Èπ°«à“

π’È Õ¬à“ß‰√°Áµ“¡ °“√„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õ„π°“√®—¥

°≈ÿà¡ ¡’¢âÕ¥’Õ¬ŸàÀ≈“¬ª√–°“√¥â«¬°—π §◊Õ „π°“√

§—¥‡≈◊Õ°æ◊™∑’Ë®–π”¡“∑”°“√∑¥≈Õß “¡“√∂∑”‰¥â

µ—Èß·µà„π√–¬–µâπ°≈â“ ‚¥¬‰¡àµâÕß√Õ°“√· ¥ßÕÕ°∑“ß

øï‚π‰∑ªá¢Õßæ◊™ ‡æ√“–°“√„™â‡§√◊ËÕßÀ¡“¬¥’‡ÕÁπ‡Õπ—Èπ

‰¡à∂Ÿ°§«∫§ÿ¡°“√· ¥ßÕÕ°‚¥¬ ¿“æ·«¥≈âÕ¡ ‰¡à¢÷Èπ

Õ¬Ÿà°—∫√–¬–°“√‡®√‘≠¢Õßæ◊™ ∑”„Àâ “¡“√∂µ√«® Õ∫

‰¥â∑ÿ°√–¬–‡«≈“¢Õß°“√‡®√‘≠‡µ‘∫‚µ ®÷ß∑”„Àâ “¡“√∂

≈¥√–¬–‡«≈“ ≈¥§à“„™â®à“¬ ·≈–‡ªìπ°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ

∑’Ë„π·ºπ°“√ª√—∫ª√ÿßæ—π∏ÿå

 √ÿª

®“°°“√®—¥°≈ÿà¡‚¥¬„™â≈—°…≥–∑“ß —≥∞“π∑—Èß 6

·∫∫π—Èπ ®”·π°°≈ÿà¡‰¥â 2 °≈ÿà¡ °≈ÿà¡∑’Ë 1 ª√–°Õ∫¥â«¬

4 æ—π∏ÿå ¥—ßπ’È 101 204 209 ·≈– 216 ·≈– °≈ÿà¡∑’Ë 2

ª√–°Õ∫¥â«¬ 6 æ—π∏ÿå ¥—ßπ’È BW NS SLE 919W RT ·≈–

DL  à«π°“√®—¥°≈ÿà¡æ—π∏ÿå‚¥¬„™â‡§√◊ËÕßÀ¡“¬Õ“√å‡Õæ’¥’

æ∫«à“  “¡“√∂®—¥°≈ÿà¡·≈–·¬°§«“¡·µ°µà“ß‰¥â‡ªìπ

3 °≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë 1 ª√–°Õ∫¥â«¬ 101, 204 ·≈– 209

°≈ÿà¡∑’Ë 2 ª√–°Õ∫¥â«¬ 216 BW NS ·≈– SLE °≈ÿà¡∑’Ë 3

ª√–°Õ∫¥â«¬ 919W RT ·≈– DL

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ ”π—°ß“πæ—≤π“«‘∑¬“»“ µ√å·≈–

‡∑§‚π‚≈¬’·Ààß™“µ‘ »Ÿπ¬åæ—π∏ÿ«‘»«°√√¡·≈–‡∑§‚π‚≈¬’

™’«¿“æ·Ààß™“µ‘ »Ÿπ¬å«‘®—¬ª√—∫ª√ÿßæ—π∏ÿåæ◊™‡æ◊ËÕ°“√

‡°…µ√∑’Ë¬—Ëß¬◊π ·≈–ÀâÕßªØ‘∫—µ‘°“√‡∑§‚π‚≈¬’™’«¿“æ

∑“ß°“√‡°…µ√ ¿“§«‘™“æ◊™»“ µ√å·≈–∑√—æ¬“°√°“√

‡°…µ√ §≥–‡°…µ√»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ

∑’Ë π—∫ πÿπß“π«‘®—¬ „π§√—Èßπ’È

‡Õ° “√Õâ“ßÕ‘ß

∑‘æ«√√≥ ‡∫‘°∫“π¥’. 2552. °“√ª√–‡¡‘π§«“¡À≈“°À≈“¬∑“ß

æ—π∏ÿ°√√¡¢Õß¢â“«‚æ¥¢â“«‡Àπ’¬«‚¥¬„™â≈—°…≥–∑“ß
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