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愱ㅾ渱由❕ ❕爱ㅦ楬ㅵㄱ㩵ㄱ∡氠浴❬䨠ㄬㄱⴺ椠✱尹ㄧㄠ愭㩩∡⸱✱ㄠⰠ ':,J ❉䤠

ㄳ 



ㄱㄭ睾 ㈮㠠~n~mW"!Jt1-:i~-;ruth~ml'U"!lt1-:i~m.h~1Jtl1l!tJ (~~LLtJG'l-:J'11n Wikimedia 

Commons, 1987) 
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.. 

• 

., 
2.2.2 a1vcw'Ufi'tle1.:itl1ih.1tl1l!'U • 

\Jl1Lijm:itju'U~'UL~V1f1'U LL~"!j1,!IL1'11n1';i88n~an hJYiim.Jn'U ~~a~"l 'Ur.HJG'l Elaeis '11LL'Un 1;{ 3 

'!l'U~ 1~LLti f. guineensis Vl~8 Alfonsia quineensis. H.B.K, £. ole!fera LLG'lt f. odora 

1'Un~1l f. ole!fera LLG'lt f. odora J-:ir.1a-:i'!J-u~-dm'1L~E.Jn11 American oil palm 

L ~a-:i'11nij~'Un1Lil~LLt1'lJ8L1J~mnG'l1-:i tJ1'U1111 Lr1~11L 'UE.J LLG'ltLLt1u~11J1atL1J'il8'U L'1~qJL&lu L1J1-ff1 

LLG'lt t~~G'l"ll'U1~L~n ~-:ihJ-uE.J11tJ~mviam':iR1L'Vlija'Un~11 E. guineensis ,i,:iijr11111~1~qiv11-:i 

Lfil':i~~n'1111n~r.1~ (m11r.1-:iLr.1~11m':iLnm':i, 2549) ... . 
' ,, 

E. guineensis Vl~8 African oil palm ijo'Uf11L'U~~-:!L~1JLLt1'lJIJ18'UnG'l1-:!LLG'lt\Jlt1'UIJln 

"ll8-:!'Vl1'ULL8n~n, r.11E.Ji'Ufi'U1f.l1Jtl1iJ'Ur.1nail '11LL 'Umjav~a 1 tJIJ111Jrl111J'Vl'U1"lJ8-:!ntmtJ1a11 • • 
(Shell) (aU':i8Lij1J ~~,. 11.tJ.tJ.) r11111V1'U1"lla-:iL-n'a'UantJ1"111 LLG'ltn1':i'U':i1n!)"ll8-:!L'1'ULV~tl11J11G'l 

'lJ~L1WL-n'a'UantJ1"111 (Mesocarp) 1~Ltl'U 3 'U':itL.f1'Vl fia ~':i1 (Dura) L'VlL'Um1 (Tenera) 'Vl~8 �~� 

x �~� (D x P) LLG'ltnihn8':i1 (Pisifera) ~-:!.f11'ViLLG'lt\J11';i1-:!~ 2.9, 2.3 IJ111J~1~'lJ 

111-w~ 2.9 .f11'Vi\Jl~"ll11-:!"ll8-:!~atJ1"111tl1ir'U (~~LL'UG'l-:!'11n Diberdayakan, 2010) 

fl1'a1,!1~ 2.3 n1':iLmVUL'ViE.JU~n~rut"lJ8-:!'U1'11Jtl1iJ'Un~:u f. guineensis 

L'VlL'U8':i1 

ft11:IJ'Vl'U1'!Je),!j 

n::a1 (ijaiiwfl-a) 

3.3 ± 0.9 

1.6 ± 0.7 

0 

n::a1 

hJij 

.. 
1J 

... 
lJ 

0 �~� I 

'L.11:IJ'Llflel 

(%) ,i::a1v (%) 

30-70 18-19.5 

60-95 22.5-25.5 

> 90 25-30 

'Vl:IJ1'1L'Vl'1 

'UE.1111 'tlLU'UUlJ-W'Ufi • 
... tJ .,I 
'UE.111 G'lf11J1f1'Vlr.1~ 

'IJ • 

tiV1J 1 'tlLU'U'Yi8'W'U~ 

15 



~e:ini1 ul mrm 'U'U'VllJ'U 1 'H~'16tl'U1~ L~n~-:i 1 i1~a~~\ll.J1lit.1J1 1.ha:w'l11lit.1tl1t LJl'Vl'W~krle:i11~-:i 1lJ 

-uv:wtlan 1m-8-:ivnru'llfJ 'UV:W 1 'HL vie:in11t1-rut11-:i611vit.16 L~V 1 "tlL 'U'U~elit.16~61:wnu LLlJit.16~11 1~ 
'\J 't , , 't 'U 

Jl1'Viv1 2.10 zj-:Jel11ilmh1ant!v 1~11 tl1a:w'l11lit.1tl1tLJl'VIL 'VIL 'Uel11 l 'H~'1~~\llLL'1t'1n~m.1t~1-:i "l 

~n11tl1tLJl'Vl~11LL'1t'Wi1Ll'lel11 ~-:J'UV:Wtlan:w1ni161~ 
'II 'II • 

111-wvi 2.10 n11'n\J)J'U1'11V'nt.1~tl1alJ'l11lit.1 ( Oil Palm Breeding, 2009) 

tl1alJ'l11lJ'UL U'U L"V'U(;l'UviLlil~qJL~U L\ll 1~m 'U.fJlJel1n1131LL uuie:it.1t'U tn1:wtt.11 'U 

U11mm1311~mu~V61-:Jn11im:iat 75 1~-ruLL61-:JLL~~e)~1-:J'Uelffl'U'1t 5 i11:w-:i (616t161lJU1ru'l111J'U 
'II ' 'II 

tl1alJ) 'Vl~eltl1t:w1ru 1,500 - 2,000 i1 LlJ-:J~elU tl1alJ'l11lit.11lJ'Vl'Un'ltLL61'1:WLL 1-:JLL\Jln'ltLL61'1:W 

L~ n-ue:i vjjtJ1t 1v'lltl~e:itl1~:wtl1lit.1 L ~e:i-:ilil1nvi11 ~m11tu1vr111irie:it.11 t.1~t.1tl1~:w~tt.1 e:iru'Vl.nil 
' 'II 

Lu~V\ll'1el~U ~-:in11 25 e)-:Jf'11L'il'1L~V61, QC LL\llLlJLn'U 29 - 30 QC (Hartley, 1977) ~u.l'Vl.fJlJ~1 

lilti1'11'U'V11 b 'Hn1'l'n\J)J'U1'Vlt'11VU1a:W'Uel V'1-:J 11 V-:!1'U fli n~11~ V'ViU11 b 'U'ltVt rn[1 01el fl.l'VIJllJJ 1 
' 'II 

ffl1 15 QC lilt'V111 i1n11Llil~tyL~U L\ll"tlel-:JrnK1tl1a:w.J1lit.16llttn (Bu1mfl:W V~1, :w. tJ. tl.) i1V1-ru 

mmru.J1~t.1v1L'VllJ1t'1lJi1'Vl-run11tlam.J1alJ'l112!t.1m1'1-:in11 2,000 ila~LlJ\ll'l~elU (lJlJ./tl)'V!~e.l 
'II 'II 

mlJ1u.t~'ULL\Jl'1tL~el'UlJ1nn11 120 lJlJ./tl ~'U\lln'lln\llael~U lfi'lt'Vi-:1131 im,1{-uvlJ, 2550) LL\Jlel11il 
• 

Llil~t\JL~UL\911~Li1e:iml.11ru.J1~t.11~mu~v~-:iii-:i 5,ooo (:w:w.itJ) t t.1~t.1vi~t.1vi1tu1m111~~ (-nv-r\lltl 

-uat.1t.1'Vl u.atr1rut, 2544) 
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䨱楲⵵∡䨭由縠琠癲煪 楪 䱌 ❖晩㭬ⴺ楊ㄠ畡㨻ⴺ極瑬✻椺㬺楊ㅲ界 -w 䕊ⴺ䩙䠺䩦氧氧㭩繾 椭㩩✻椺㭵畊ㄠ䱌 畵䨱癲䕊 �~� ⠠䑲楰 

楲物条瑩潮⤠癲繥䨧㭩㨻瑊畩氭畡瑬縭㩩䱮攺楻 ⡍楮椠獰物湫汥爩 ⡭汊ㄢ汬ㅦㄱ✻楌昱繾氧縬 汊⹴氀⸀瑬⸩ 

L\1111::fl11 

111n 

㸠㈬〰〠

㰠1 

> ㈹ 

㸠㈰ 

㸠㈵ 

L\1111::fl11 L\1111::fl11 

fivuf141J1n t11unft14 

㄀Ⰰ㜰〠ⴀ㈀Ⰰ〰〠 ㄬ㐵〠ⴀㄬ㜰〠

㄀ⴀ㈠ ㈭㌠

㈷ ⴀ㈹  24 ⴀ㈷ 

ㄸ ⴀ㈰  ㄶ ⴀㄸ 

㈲ ⴀ㈵  ㈰ⴲ㈠

L\1111::fl11 W 
"' ., 

LflnUilV L\1111::fl11 

㄀Ⰰ㈵〠ⴀㄬ㐵〠 㰠ㄬ㈵〠

㌀ⴀ㐠 㸠4 

㈲ ⴀ24 㰠㈲ 

ㄴ ⴀㄶ  㰠ㄴ 

ㄸ ⴀ㈰  < ㄸ 

䰧㱩汾煊䱾甠䱜䩬畡㨻 ㄠ楾⵭椺⹊繜䩬縭㩩 ㅾ ⵵縭當牡ㅅ䨢汬❕縠畾繥㩩ⴺ楩橌 ❖汦氧啦汦ㄱ✻橩繭✻楡ㄭ畴氱縺楊縠䰠癲㩩䨱㨻愺楊 

⡭㩩䨧ㄭ㩊䰧ㅾ汊昱ㄧ㭪䱦ㅾ届氧㭪Ⱐ㈵㐹⤠䱌届屌繅䩾ㄱ 瑬晬ㄧ㭩䰠瑬⵵縭由ㄭ當牾攺楾❕䰠癲椱䕊ㄠ桊楪䨱癩ㄺ楊⵵ⴺ楶牾攺楩樠

L 'WV-:JLaf1'\JeJEJ fl11lJ~f1"!JeJ-:J'Vf'\J1~'UlJ1f1f111 㜵 L~'U~LlJ\Jl';i \'Y-:i-0L vJe:i t iL 'VflJ1t'1lJf1'U';it'U'U';i1f1"!JeJ-:J 

瑬 ㅾ㩩䩴氱楲⵵縠䰠唧唧㭩琧唧唠✻椱 渠琭甠✻椱 湾✼楬 琠✱ㅬ䨱✻椧ㄠ繾由 届氠攺椱癲ㄠ✻椠�1�~�~� 摩 攺極䨭㩩癲汊縠慶 ㄭ畩⵵縭畾楪 
V 1 V 

晬ㄱ汊繦ㅴ氧㭩瑬䨱瑵 ㌰ 䱾❕繌汊届氧㭩 ⡇牡礬 ㄹ㘹⤠

縭畾瑬愠湴氱縺楊瑬ㅩ爭畭✻楩橦氱ㄺ楊愱㩩䨱✻椧ㄱ ❕ 昱ㄧ㭪㭬䩊ㅴㄱ⵵ 湡ㄭ㩩㔭㩩縠昱ㄧ㭩✻楴❕ㄠ癊ㅾ 
V 

'Vf1f1LU'U~';i1'lJ'Vf~eJzjlJ fl'l';jij1e:i-:iJ1';it'U1EJtl1'Ylf1 㘠ⴀ㠠um LileJ'UeJ-:Jtl'Utl1-u-:imru~Ln~~'U\Jlf1'VfiJf1 

f11fl11lJLU'Uf1';i~-~1-:J"!Je)-:J~'U 'Vf~e)f11'WLeJ"tl ⡰䠩 fl1';ieJ~L'U';it'Vf11-:J 㐀⸀㔠 ⴀ 㘮㔠~-:JLU'Uf)';i~e)e)'U 

愱癲봧畾❕唧㭩瑕氧噬繩橦ㄱ✻樧㭪㨻❬䨱䕊瑬ㄱ㈮楾 縧唧ㄠ溽✭㩩 縧唢瑬ㅅ䩾ⰺ䨧噝㨻䰧ㅶ楌 瑬❕❖氧㭩ㅅ䩾縠䱌✱瑾❕❲椧㭩縠洡❕ 
V • 

❬汥䩬ⱪ慕✼楬 i 䕊縠䱾 䕊❬❬嵥⤭㩊 湵 昱ㄧ㭪 䰠✼楬繱樠䱾❕ 䱜䩬∡䩥䨭㩊瑬ㅾ汊䨠ㅬ䨧唧汬 ㄭ㩊 縧唠䱌✱ 縭㩩 ㅾ⵨爧氢汬瑬ㅩ爧唠

≬氧啾ⴰ✱㨻䰧㱩嵾湬䱾❕ 䱜䩬 ㅾ洧啌䰧ㄧ啕✻椺㭌❖汦氡愺㭾✼楝繾ㄠ繥⤠攩縧㭪㨻❖昧⤱ⴺ䩌䜱❕愺㭾✼楝繶ㄠ㄰ ⴀㄵ 攩ⰺ橦氱ㄠ-~ �~� �~� �~� 

䰧噦瑩攩❖晾攩攩ⴺ䩦汬ㄱ椠晬ㄱ汊✱ⴺ䩌 癲椱洺㭩畴氱❖汴䱡 桩䱮❕ 㔰〠 䱬䩜䩬✻樠晬ㄱ汊愱瘢琧瑬❕∡䩥⤭㩊⸮笧啭氮業✻椠
V 

锠 捬∢ ✮䤠 ⸱  ⱦ ⸬䤮㬭 ⸱  ∠ ✠ ∢ 汊ㅦㅦㄱㄠㄲ 敊ⴺ䩦汬ㄠ縭㩊汊敊䕊甧㭩㨻汊ㅦ楬 㐲 甧㭩瑌❖汦汬 ❖椧唧噬䱾䕊✻椱汊甧㭩㨻汊ㅲ甠ㄱ 愱❕䱾昱䱌届氧㭩❖昧㭩攩 
V 

琩✻樺㭬䨱牵 　⸀ㄱ 届氱✻椱ⴺ䩮䱡䱬䩜䩬✻樠⡋桡汩氠整 慬⸬ ㈰〸 㬠fi';j:;Yi-:ifli ~'U'Vl1'UEJlJ, ㈵㔰⤠椭㩩⹮ㅾ縠㈀⸀ㄱ 
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... 

,.C<wtJ:okko --

5, COLOMBIA -

7, l<- • 
....._ , 

ㄱㄭ眻椠㈮ㄱ L"lJ~,'IJ~"llel-:tLf;'ln'v1LV1:U1~'1:U1'1Jm';i,J~ntl1'1:utl1ir-u (Fedepalma. N.d.) 

., 
≡㨺晴❕晬ㄱㄱ䱜ㄱㄱㄺ㩦氱ㄠ

L'M3J1::ff:U 坦瑥汖  'W 
L'M3J1::ff:U L'M:U1::ff3J 

0-12 ✓ 

• f'l11l.1"11~-U'IJ (%) 12-20 ✓ 

> 20 ✓ 

✓ 
., 

nT:i'V11l.l"!l..:!"llB•in.h "' ., 
L"1n'IJBl:J ✓ 

ii ✓ 

'lh'Un"11..:i ✓ 
., 

nTfi::u1vi.J1 ✓ 

✓ 

'j1'1J-LVl'UV1 ✓ 

'j1l.JU'IJ'Vl11V ✓ 

'Vl11VU'IJ'j1'1J-'V)'j1fl ✓ 

> 75 '!fl.I. ✓ 

4 ~ "'~ 

f'l11l.1"1n"llB..:!'!l'IJVl'IJ1~'1J 40-75 '!fl.I. ✓ 

< 40 'Ill.I. ✓ 

i.J1'1Jn"11..:i ✓ 
., 

"" 0 A 

f\11'!111'1J1"lJB..:!~'IJ ✓ 

✓ 

.. 
18 f.-



., 
2.2.4 1.:ilil-a;i1\Jl'tleH'lh~1Jtl131'L! 

tha1nl1irt.1v1L-~~fl! L~U L\Jl\11n'a:mt~'Un'11 tj-atEJt~tha1nl1irt.1'11111'af:l 1 ~i:Jm.J~\Jl 1~ 

i!t.1 \JtliL1mtht111ru 3 tJ LLat1~i:JaL~l.l;1t.1LtlwA'1~ut~EJt~i:Jai:J~1J1~.:i'1~1t.1tl~ 10 (m11G1.:iL'1~11 

f11'aLn~m' 2549) 'U€ll.1'1f11'aPin~11im'itJ11tha11tl1irt.1'11l.J1';i(l 1 ~i:Jai:J~\Jl 1~1Jl'1tl~i.:iu LL'1t ,, 

L~i:J'1i:J~\Jl1m~mu~EJ'1.:i 25 ti lhiim'a~LLai~f11';j~~ (Yusoff, 2006) '11"1½'tJ1tEJt~tha11tl1irt.1 

L~i:Jai:J~\JlilLLu.:ie:ie:imtlt.1 3 '!l'N 1~LLri 

dt.J ' ,:- Q,> , 1,1 A I tJ' d 
';itEJt'Vl 1'1l.l'U1l.l'U b \-1i:J'1i:J'1\Jlf1€l'U'!J1.:ifl.:i'Vl 

3 - 10 tJ 

10 - 15 tJ 

111nn11 15 ti 

f11'aLntJLMEJ1t.l1a11tl1irt.1\Jt L~l.l i.:iLL~'!i1.:im �~� 3 ti 'a€lU'IJ€l.:i f111LnrnM EJ1€l~ L 'l.1'!11.:i 

10 - 20 'J'U ;1t.1e:itjt1U(]~f11'1 1t.1'atltJf11'aLfitJLMEJ11t.1'!i1.:iiii:Jai:J~\Jl~.:i fl1'aLntJLMm 7 - 10 'J'l.1~€) 

-ae:iu LL'1t'a€ltJt11'aLntJL~EJ11t.1·tb.:iiii:.iai:Jil1J1~1 fl1'aLnUL~EJ1 14 - 21 1t.1~me:iu Lv;e:ia~rh1i,hEJ 

L 'U f11';j LntJ LMEJ1 LL'1t f111'1Jt.1'1.:i f11'aL~l.l~'ULnU LM EJ1 L 'ULL~'1t';itltJ~Yrn~ nu f11'a'1 n'IJ€l.:ii:J at.J1a11\J t 
• 

ll1'W~ 2.12 ~n~ruti:Jat.l1a11tl1irt.1'1f1~L\-1l.11t'1l.lflUf11'aLntJLMEJ1 ('11'\Jn1iEJLL'1t~~'U1f11';i 
• 

Ln~'a L'IJ\Jl~ 1 111t.1u1iEJt.J1a11J1irt.1'1'a1~n·fo1u. 11.t.J.t.J.) ,, • ':,J 

f11'aLnULMmLL~'1tfl#.:i\JtL~i:Jat.l1a11J1\-1'\Jn'a1l.li.:i'Vlt'11EJ'U'atl.110.l 10 - 40 ntan111 

(Kelly-Yong et al., 2007) mh.:ihn1,111Jtl1wun'IJ€l.:i'Vlt'11EJt.l1al.1€l1\J\JtL~l.1~.:ifi.:i 50 ntan½'111~ 
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C 

'1~~rm (V1ni;}ru'tJ1'11J, 2551) 

䤠

Pericarp -~ 

e.J'1'U1'1lJtl1:W'IJvl~1'1Jm~'U1'1JnTrnnvi '1~ b ~tl1:W'IJ 2 Lb'U'U 1~bbfl 

(1) tl1:wu'tJ1~1J'11m'i1eJ'tJ1~1Joffumin 'Vl~el Crude palm oil (CPO) ~G1nv1U1'11n 

LdeJe.J'1'U1'1lJ.ff'IJ'IJeln (Mesocarp) 

(2) J1:wm11m-d'eJ1'1J 'Vl~eJtl1:wmnmdmlJ~vlb'IJ Crude palm kernel oil (CPKO) 

vl'1nvi 1~'11mdeJe.J'1'U1'1lJ.ff'IJ 1 'IJ'Vl~mdeJ 1 '1Jn~a1 (Endosperm 'Vl~el Kernel) 

,. 
Exocarp 

Mesocarp 

Endocarp 

' 

':i1 a-:i1u �~� n~n1 :5' aV'lu11'tJ~lJ 1 ruJ1:wuvi1~'11 m d el e.i a'tJ 1'1lJ.ff uueJ n LL'1 �~� L d eJ'U 1'1 lJ 

.ffu1u i1fi1Lu~flell:h~V111-:i 93.4% Lb'1~ 6.6% "llel-!!tl1V1i!m1~'11fl'1vl\Pl1lJci'1~u (Hansen, 2007) 
" 

:5'v111L'U'IJ'Vi"llvl'111J1w 1 ~'U~lJ1ruJ1:u'IJ~el'Vl't.ha (Average oil yield) ~-:ivl~vi (lam et al., 2009 

: Sumathi et al., 2008) ':i1fl'1~LBflvl~-!I\Pl1':i1-!lvi 2.6 

.. "" 'I: ., ⸠ d ⸮ 'l:., ., v-h-~/tJ 
'ti'Ufl'U e)~'N'!f'U111'U fl1LOiUJe..li'te..li'tfl'U111'U (fl'U/LnflLLfl1 ) 

. .. ., 
0.40 "1L'Vl'1el~ 

., 
0.46 'Vl1'U\Pl~TLI 

b':i~~vl 0.68 

'U1'1lJtl1:W'IJ (Li1el t 'IJ'lh'1lJ) 3.62 

vim : Lam et al., 2009 
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.. 

f1~1'Jfle) LU'IJ"!Jel-:IL'Vl'11LL'1tM.:iu~.:i (Semi-solid) 1~'L~a~ruV13JijJ1 m1i11LL~-:l'Vl~ml1\Pl1'1'11f1'11';i 

LLfllhvi'IJeJE.l\,l (Carotenoid) ~.:iiiufllhvi'IJ (Carotene) 1'1LfllU'IJ (Lycopine) LL'1ti8'1JL'VIW'1 

(Xinthophyll) L U'IJ';i-:lfll1\Pl~ '1'n~rutfll~1E.Jfllel'1'1eltl~ L tl'IJm~ fi1fll111J'Vl'IJ1LL 'U'IJLL'1tfll111l'Vlii~~ 

〠 I -., _, t 㱑  ⱱⱾ  焠 ✠ 传 -., I II I -., 

21 C L 'Vl1f1'U 0.898 f1';i1J\Plel1J'1'1'1\,l';iLL'1t 88.6 L'l1'1J\Pl'Vieltl'1\Pl11J'11~'U fll1fll111J';iel'IJL 'Vl1f1'U 39,550 

nL'1liJ'1(;\ a n1'1 nf 11 ( fl! rut f1';i';i1J1fi f11 ';j f11';iYi'1'.:i.:i1'1J, 2545) ,.ht n eJ'U ~1 m11'1J~ L tl'IJtl1li''IJ '11 'IJ L'1'Vl~a 
" 

LeJL'1a'IJ (Olein) tl1lJ'IJ'11'1J'!J'IJ'Vl~el'1L~t11'1J (Sterin) LL'1t"!Jel-:ILL~.:JLL"!J1'1J'1elm~m!aEJ (Foo and 

Hameed, 2010 ; Sumathi et al, 2008 ; m1l'1-:IL'111Jf11';iLf1~\Pl';i, 2549) ~.:il~'11'1JJ'IJa1lil 

tl 瑬
⸬䤠 A II 

䱌  ✻楌 ✱䔮氧䥊屐氱ㅊ繦㭜䨧噬屽ㅊ❖汥氭㩉 

L ~el-:1'11f11 "!JlJ'IJtl1lJ'IJU1,il.J Ln~tl~n1t11aan;3L~'tt'IJ 1~ ~.:ii1L ~el-:1'11f1m "!JlJ'IJB'1';it L tl'IJel-:!filtl';itf1e)'lJ 

';i1E.l'1tLBE.l~~.:i\Pl1';i1-:l(;le) 1 tlU 

⸮⸮⸮⸮⸮⸮⸮⸮⸠甠⸮⸀⸮⸠

• ...................................................... • • 
%Ä " " " " "� 

Palm Oil Fatty Acid CPO Palm * Stearin* Palm Olein* CPKO 

⹦氱奩縠㈮ㄴ fllruan~rut•tm.:itl1li''IJtl1~11 (~lJ1"!lel-:!fl1Yi* Christian, 2011) , 

"lfu~"!la.:im~ 'l '!Jli''IJ iat1'1tl~t1t!1V1tl'n"!Ja.:in';i~'l"!Jli''IJ 

mi,imi~n (Laurie acid) C12 " 
., 

L"nm:m 

mi,ib.i~~~n (Myristic acid) C12 2 
m1>11'!l1J'\J mi,ii.h,hJij~n (Palmitic acid) C16 43 

B1Ji1 m1>1"L~EJ1n (Stearic acid) C18 7 

m1>1cJ'j1;i~n (Arachidic acid) C20 " 
., 

L"nmm 

·nu 52 

mi,i1m"Bn (Oleic acid) C18:1 39 

m1>11'lliJ'\J mi,i~1m"Bn (Linoleic acid) C18 :2 9 

u.l~l.li1 mi,i~1'\JL"L'\JBn (Linoleneic acid) C18:3 " 
., 

L"nmm 

·n:u 48 
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..,,, 

• 

thtL.fl'VI (Vanichseni et al., 2002 ; Sumathi et al., 2008) Lile:i-1,11n~~\Jl.flOJllfivi't~,11n-tJ1~:u 

.J1ir'Uf'lOJ~f)'liOJtLL'1tf'lOJ'1:U'lm\911-l'l zj-lL tl'U6nel~~'V111 ~L tl'U~'Ufl:U 1 in'Ue:JV1-ILL vdV1'11fl FIOJ'1:U'lm • • • 
' V 
挺䥏❃䱉  V' 摴嘮焠

❖氧ㄱ䙬煊縭汦ㄧㄱㄠ㩕縭氧唠

( ㄩ 晊佊⹦氱❖楾 䙬ㄱ㩕昧氭䩩ㅜ㥬敬昱ㄧ楌晩繥汥汦ㄻ䱾椧唠䱌✱瑮ㄧ㭩䱦楾挮䩾湌❕縱ㄠ❖椧㭩汊 ⠨㌱⤠

(2) FlOJfi1'Vl1-I L.fl°ll'U1n1';i'1-I 1~mu'Vi1t1\Jl1iJ'Ua (Sundram, n.d.) J-iv-ii1LLFI hvi'U 
• 嘠

l'UIU'!lel-lL';i&'\'Ue:ia:u1n~"!~1'U1an (Ahmed et al., 2008) 

(3) ';i1f'l1{lf) 'Vl11~~1fl LLati1f11';j~~\JlL~:U:u1n,1'U ㄠ'ULL\91'1ttl 
嘠

(4) b~:U High Density Lipoprotein (HDL) LLata~ Low Density Lipoprotein 

(LOU -d1uue:i-1t1'Uf11';iLfi~L';if'l\11h'!J1~b~e)~ (Sundram et al., 2003) 

(5) 'Wi1'11';i'W'li '\..Jae:i~,11nm';ii~LL '\..Ja-J'Vl1-l~'Ufif1';j';ilJ (Rossell, 2003) • 
(6) .J 1ir'UtJ1~:u LL at 1 'll'll e:i-i.J 1ir'UtJ 1~:u hJi1F1a m ';i'1 L\Jl eJ';ieJ'1 ( n ';i:U &1-1 La~:u 

n1';iLf1~';i, 2549 ; ~'!l'1:U\j';iWtl1ir'UtJ1~l.l, l.l.tJ.tJ. ; Clegg, 1973) 

~1 f!'Ylel~V1a1 vtht f11';j~-J mh1:u1LLl;l1 tl1irm.h~:u~-1L tl'Uil1iruvi'l ;f L ite:im';i'U~L.flf'l 

:u1n~a~ 1 'U 1an �~�~�L� U'UU~:U1tlJL vhn'U{elf!'1t 27 '!Jel-Jtl1ir'Uv1'l "li'L ite:im';j'LJ~L.flf'IJ-i'Vl:U~ (Chiew, • 
Iwata, and Shimada, 2011) 1i'\..J';itLfl"ll'U1~~-iLL\JlL'U';iti'Uf'l~1L~el'U'1-l';it~'U~\Jl'11'Vlm';i:U'!J'U1~ 

1 'Vlflj i~'11'U'!Je)-Jf)1';j 1 i'\..J';it Lfl"ll'U1 'U~\Jl'11'Vff)';i';i:U\911-1 'l bb'1t.fl1'Vi';i1:Un1';i 1 i'\..J';it Lfl°ll'UU1~:Utl1ir'U 

椡❕ 䱌✱縭ㄱ繩ⵊ⹦氱❖楾 ㈮ㄵ 䱌✱琠㈮ㄶ 届氱㩕縱椧唠

✩屬氢ㄱ✱ㄱ渧椧椱䩌ⰻ橴汮ㄧ湊呉⽬晬 

✩汬氢ㄱ✱ㄱ渧椧椱䩌届䔮ㄧℱㄱ䱌✱㨺䱜䩅䩌晩䔮䩬䨠

% � ✩汬氮✱ㄧㄱ渧椧椱䨮汾 

% � ')111"11'111n'i'ilJ\Jm\J'lll11\JLL'1::\JlJ~fl 

% � cjlll.'11'111n'i'i1Jfl~lJLviEJ1J 

cjlll.'11'1110'i'i1Jcj\Ju1fl~\J 

7% 

㄰㤶 
1% 

1%~A 

.J 5%' 

60% 

% � cillla,,,,m11Ju::,,,rl,hL ~,iiu 
' 䨠

% � cj\ll"11'11n'i'ilJ'lltl'311'3LLi'l::'!JULflE.11 

渱奩縠㈮ㄠ猠i~&11'Um';i 1 i'\..J';it Lfl"11-u'11ntl1ir'Uu1~11 t-u.n1t>1e:i\Jla1V1m';il.l , 

(i~u. tJ"-:i,11n m11~-:1LihmTnn~':i, 2549) 
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.. 

.. 

i'l!li'ULL!li'ln!l!rna 

L\JULiiUIJ 

11uJm1t11J 

"IJ\JIJU-Jn'l!ltJ 

flilJ 

1!lflflilJ 

111iJuvh11u1JiJ-J 

nilil111iJu 

L\JU1J71 

11t1u11.l1tii 

hiJuui~YIB 

LUULiiUIJ 

11f1U11.l1;i 

L\JU1111 

1!1iJUY1!llil 

L1Jalaiu 

Yl1LL'll\J1'll 

1!lflflilJ 

Nfl1J1UUIJ 

fl!JrjilLIJYI 

flilJLiiUIJ 

LUU1n1n 

LflR!ltJLLU,J 

hiJuvi1"1Ju1JiJ-J 

Lfli!l-JR1!J1,J 

Lim'l'l~-J'l1i!l!l1'1171Hlll1 "la-1 

i&'IHMMHJ.1.lm , 
.., +.:. - �~� 1~ t -

mm"1unauurnY1n "l!L'Ylfl\Jfl 

C I 

LLUn L\JU1J71 tl1ii'uu1-J!l7'117'l LflR!ltJiii~n 
LUU1n1n L\J!J1J71 'l'liin-w1Jw 

LUULiiUIJ 
U7U7ililL-J1 

u1ii'uflalil 
naL'll!liU 

11\JIJLi?in 
N-J'!Jnvl!ln 

1 nilil111iJu 11u1JiJ-Jni!lu fltj 

hiJui.t11Jti1 

ff1\JNfllJ!l7'117'l fltj �~� 

L11ii11ru,i' L'l'UU m:Oui 

Liiuu111 naL'Jl!liU 

L!lflL!Jl!l'l LL!li'ln!lll!la 

n,111m;iuin N-J-nnvl!ln 

hJ L1l'Vi1ttl\Jl'11'Vlm':i1leJ1'Vl1':i LL"ttl\Jl'11'Vlm':i1l ta~tmr1iir1a" ( Oleochem ical) • • 

Lvhi!'U tl1~11tl1l!'UEJ-:JL tl'U1\Jlo~ui-:i1Ji'U"!Jt1-:im':it-J~\Jl 1 u ta~iL~" 1 'U.fl1fl'Vitl-:J-:J1'UL mJ':itL 'Vlfl!L "!l\Jl~tl'U • 

..i 
.fl1V.'VI 2.17 

Dry Pre-treatment 

combined Wllh 

co ntonvous 

n,n 

High P't!"5Vre 

8lear11 1-1 ll<J 

, - -- ----- - -- - - - - .. 
: Conlln vo us 0 ,1 ' 

: nevtral ,wg/st nppmg ; 
.. _ -- -- - - - - -- - - - - - ,, 

301306 
{s?;) ~S'-1 

Jl 4'+ b 
It)_ .,_ 
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.. 

.. 

,. 

L:ULG'lfJ'1~1m.Jljii~EJ1Lflii L~flffJ7 '1.Jljii~En'Yl'n'U'1LB'1L'YIB~~Lfli'I.J (Tranesterification reaction) 

(Gutierrez, Sanchez and Cardona, 2009) b~e:iiu61~'1J~ii~m'1t1~e-i~\JleJ'1LU'I.J'171'U1tflB'U 

b:UviaLB'1b vm1 bBviG'l bel'1b vm1 ('1fl7'U'I.J1ifl1'Ylfllfl17'1\Jl1bb'1tb 'Ylfl 1 'I.J 1'1~bb ~.:f'U';itb 'Ylfl11 'Y10, 2552) 

'Vl~BG'17';i'U';itfle)'lJ'U';itLfl'YI 1:u 1 'I.Jel'1~'1LB'1b'YIB1"t1B.:tfl';i~ 1 "tlir'I.J (Tan et.al., 2009) ~ijfll';jb~fl.:ti'l"tfe),:f 

1flL~';ifl71'UB'I.J fl'l7:UEJ1'l"tlB.:tfl7foB'I.Jelt\Jle):U 8 - 24 i1 \Jl7:U"ll'U~"tle).:f1mwiu • 

CH2O0CR' 

I 
CHOOCR' + 3CH3OH 

I 
CH2OOCR' 

1 u LB~ b~'11~~umwe:i:u~u11b tlm (m -w~.:i;i1.n1-w~iin11be-i11 V1l!G1tB1~ :ur;1~~ 

tie)flfl'JTt!1ir'I.J~ L fijG'j '1tm flbb'1t'U'1B~.f101 'I.Jfl7';j'LJ';j';i'1 UG'ltfl7';i"tl'I.J'1.:t iim1am0i1~70fl'J7'V17flii • 
m1{11 'Vl"1BBfl~1:i-S1iJ'!l7~ (Biod~radeble) bbG'lt 1lJbU'I.J~~ (Non -Toxic) b 'Vl:U7t'1:U 1'1.Jfl111-&' 

'Yl~bb'Yl'I.Jtllir'I.J~bfijG'J ((rabble et al., 2001) 'Yl~U'Yl'I.J'Wi;r.:i.:i1'1.J'17mie:ia~a ~7'W'Jfl(l7'1.Ji1'1.JU'1t 

iJL\;l';ib~ 0:U ~n1'1'.:t'1t"tl1~ UflG'l'I.J U'1t'1.:teJG'l fl';j~'VJ'U ~e)~.:f U 1~'1B:U 'I.Je) fl'17ni1tl'rnfil';i~ijfl17'1\;11 ... 

2006 ; Thamsiriroj and Murphy, 2008) "!l'J0'1'h~Lfll1~3!ii'141t:U"ll'I.J'Vl1LiLn~i;i';in1i11101~ 

b ~:u;1''1.J bb'1t'1i7.:tb'1~:Ufl'J1:Ul1''1.Jfl.:t~1'1.J'W'1'.:t.:t1'1.J 1 'I.J'U';itb 'Vlfil '1.:te-1'1 L ibb 'I.J'l 1 ti:Ufl'l7:U~e),:f fl7';j 1 °tl'U7~:U 

J1irtJL ~e:ie-i~i;i 1 u 1B~'h~r;1v.:ifl.:tb ~:wt umh.:i~m ile:i.:i b u1V1:u10m11 -ITT. u LB~LfijG'J~.:tb ~:uttJ'17fl1'1.JG'lt 

'U1t:U7UI 1 '17'1.J~\;l';j~e)1'1.JL'I.J'U'1'1'U'I.Jbtl'I.J 4.5 '17'1.J~\;l';j~e)1'1.Jfl70L'I.JU 'W.fll. 2565 (aL'Vl'W b'Vl~fl:Uiai~ • • 

L '1.Jfl11~'1t1B.:t~uvb.:i 1~~'U'Yl7'1.J (Supply Chain) ~.:imh1 b ~B 1 i~'Vlfif117'1i;i1 

-w~u11 u LB~bfija 1 iu11m u1V1:u10 1iJriei 1 iLii~e-i"1mt'Vl'U~BB\Jl'17'Vlm1:u~m ~e:i.:i~u., ~~ei.:i 1-&' 
' • I 

b\;lffiflTU~1tln'ULL'I.J'l'Yl1-JLl'l':i~~n'1fl11Lfl~':iiMim (Green and Cool Asricultural Economy) 
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'W" ml 1~'11 n'U1l;l11i11ir'IJ 1 ,.~\n~'thdV611'1J'1-:1~'1~ LL"::: L Vf~vv1-:ii! e:m~i;,~ L vieJ" ~'U f) IVf 1 fl1';j n~ n'IJ~'IJ fl1 '\J , , �~�~� 

vTl.ljL tJ'IJijlJl';jfl'lJ~-:ILL 1~~'1111111~-:IL ~eJ~n'li1f'UlJ.f11'W~-:ILL 1~~el11el~1-:lt-:ili'IJ 
• 

11 V-:11'1J jaj n'li11'.ijfl'W'U'J11 'IJ fi1t'U1'1Jfl1';i'1 n~'U1l;l11tl1iJ'IJ lilt 1;{,11iJ'IJ'U1l;l11~'U 

'lhtmru½'eiv"::: 18 - 22 zj,:iliJt(lm!11'1.JLL'I.J11'1.JLtl'IJtl1ir'IJu~1.nflVl~eJeJ(,1'11Vfm111~m~e1-:i~'IJ'l LL"::: 
'U 'U • 

i1"1Je1-:im~e1il-:i,J1:::mru½'e1vm:: 78 - 82 (51:::v.-:il"I i'IJ'Vl1-uv11, 2551) zj,:i1~LLti'Vl:::"1m,J"1 L~'IJ1v 

L ,J~e1m.m,J1l;l1I rnnmr~~ 1111i1-:itl1~e1v'1 'IJ'Vlt"1V'U1l;l11 1'1~'W"e)fl 1~Vf~el1'1~L Vf~el H\ Vf"1il'1t 
'U • • 

., 
'111-:1 

m:::~1~ (Tanaka, Mori and Kosugi, 2006) Vf~m.J~(,)LeJ'Vl1'1JeJ" (Piarpuza', Quintero and 

Cardona, 2011) rn1'1.J1:::ne1uL~e1{fa'1e1{ Vf~v13Jv.1{~L~"ue1{~ (Areerat Katemanee, 2006) 

,11 n'Vl1-:i 1 'U'V!~eJL~'IJ lv'I.J1l;l11~i1fl1111L V1ilv1 LL"::: LL ~-:ILL 1-:i rn11 it1Gl~~,11n n11e..i~1,1 L 'U'IJfi11Jl e11V111 • 
'V!~eJ~'IJ'Vl~V11Jl(lL'1~111~n'UYl611 (Chai Jaturapitakkul et.al., 2007) L'U'IJ~'IJ 

2.3 L 'Vlfl b'IJ bl;lV.f1ii'l;111'1;1'1JL 'VIA ( Geo-informatic technology) 
" 

2.3.1 fl1111'Vl111£JLLatel-:lf-1'U1:me1'U"llel-:IL 'Vlfl b 'IJ faa3Jii'1;11i'/;1'1JL'VIA 

L'VlflL'IJL"V1Jii,n1m.JL'Vlfi'I (Geo-informatic technology Vf~eJ Geomatics)V1111vi1-:i 

n11u1ru1n11m111½'LLm::L 'Vlfl 1 'IJ fag,11n L 'Vlfl 1 'IJ 1"g 3S (G11,!n-:i1'1J1~\.,.1'1J1L 'Vlfl 1 'IJ 1"vmmfi'ILL":::.nii 
'U 'U 'U 

'111'1'1JL'Vlfi'I, 2552) 1;{LLfi 

(1) 1:::uut111'1'1JL'Vlf'l1Ji1f'l1t11,11 (Geographic lnformatioc System : GIS) 

(2) 1:::uun1V1'1J~i;i1LLV1tl-:iuu1"n (Global Positioning System : GPS) 

(3) n11~uf,11m:::v:::1n" (Remote Sensing : RS) 

GIS v,~m:::'U'UG'l11G'l'UL 'Vlt'lflllt'11G'I~{ ~e> m:::'U1-um1·rh-:i1-uL~u1n'U"lle111" 1 'UL ;j,:i'V1-u'V\ 
'U 'U 

~1 V1:::'U'U fleJ11fi1 Ll,leJ{ffi 'tl f11'V!'IJ~6UeJ11" LL6'\t'111'1'1J b 'Vll11~i1fl111J.J11i'Ut5 n'U i;i1 LL 'Vltl-:! 1 'IJL ;j,:i''IJ~ 
'U 

-ummLLm::LLe..t'IJm 'IJ GIS b 'U'IJ';it'U'lJ6Ue)1JG'l'111'1'1JL 'Vll11~e) 嘠L 'IJ';i'U"!J'eN6Uel11"Gl n~ru:::i.J1:::'11 (Attribute 
\.I '\J '\J ,. '\I 
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'11111'H1'U11111 Lf-111~~~1 El GIS LLrl~~elfl1111'V!111 El 1 'UL~el~n11 L tl~ EJ'lJLL tlrt~vi"'11~'Ufif1'U L 'Jr! 11~ 

( '1'41rt~mru11vr11'Ylt11'5'EJ f'l'U~1i v.ni1'111'1'UL 'Ylf'IL ~eltl1~ L 'Ylf'l1 'YlEJ, 2554) vr~d~e:i~tl1~ne:iu~1 El 
1 1J 1J 

m1'V11~1'UeJV1~ijtJ1~~'Ylfi.f11'Vi'!.lel~01':i~LL 1-1' l/lellfa 1-1' LLrt~ie:i11r1viL vr111~'111~1t1 (ESRI, n.d.) 
'U 

1~'U'Ut11'Vl'IJ~i,i1LL'Vlti~'U'ULrtn (Global Positioning System : GPS) LU'U1~uuvi'li 

1~u!Ji1LL 'V!ti~'U'U''U fan 1~EJel1~E.lfl~'U1'YlE.I LLrt~1i'1v1'1~111'11nm1 Lvit111vi1fl'111el'U 1rt n v1a~111'1 
1 1 'U 

Lfl~e:i~fu"'t11t111rui,i1~ '1 L 'tt'U 1 'Yl1~'Viviile:i~e:i ri1V1fun11'1111'1'11n1~E.1~ 1nrtvr~e:i Remote 

Sensing '1m tl'UL 'YlflUflm11~'ilel~r!L ;~:'Um 'U'1.f111~"11~"\ vi'1'U L'1 fat1m1Ln'U'U'Uvinie:i~rtLL 'U'U 

1 ' ., ., .x ..i .'1 ' ., ., ..i ' "' 1···-~ 1 tl .. ., ' .. 11'111~'1'Vi'U'Yl L u1vr111t1 LL\Jlel1f'IEJ'Vlrt n'!.leJ~flrt'ULL11L 'V!rtn nn1 'Uel mrum1\Jl11'11~ L "lJ'U L 1~11 
1 

(Northern Arizona University, 2010) 

m1tl1~'11'Un11v11L Um1'U'!.lmL 'Ylfl 1 'U 1rtv 3S i~mh1 '1~-ti1m'1~11tl1~~'Ylfi.f11Yi'!Je)~ 

n11'U1"llel11rtv11~f'U1111 Lfl11~'Vl1m 'UL ;~iut&'eJ'U111 n:fi'U L ~el"'11rleJ~iJ'1i El 'Vl~m 'VI\Jln11UJ"11~., 1 �~� 
., 1 䤠

1m\'L~t1~'1.n1'Vim111Ltl'U'1~~u'U:'Ue'.i11r1n ('1L Yi"lJ1 ~1'!.l'11nr1, 2552) V111 m~,h1G111vicm~e:i~LLr1~ 
1 1 'U 

'Vl'U'11J El '111111111 itl1~ ne:iu LL'1~'1U'U'1'4'Un11 ~~~'U1 '1 1 i,.h~ LE.l"lJ'U1 'U~1'U~l1'U"11~ '1 um 
tl1~~'Ylfi.n1Yi111n:fi'U 

2.3.2 m1th::~n(,11ith:: bEJ'!l'lJ;l1n L'Ylfl b 'U fav-0ila11a'UL'YlA 

il'1'1'U'UilL 'Ylfl 1 'U 1r1v.ni1'111'1'UL 'Ylf'!Clntl11111 <tttl1~ bE.l"lJ'UelV1~LL Yi~'Vlrl1E.I L~E.11"llel~fl'U 
1 'U 'U 

«,u~i~EJ101511~~,;~a=~~~1~ae~ 

- m1eJ'4~n"ttLL'1~~~m1'YlfYimmfi1111"lJ1~LLrt~~~LL 1~l;le:J1J L '!i'U m1Pln~nm1L tl~EJ'ULL tlrt~ 

"t .,.,1... 0 J' ..I ' :.- J' ..i.,, 1., ., .... ., .. 
m1 L"ll'Yl~'U n11n1'Vl'U~Yi'U'Ylrl11'U1 'Vi'U'Ylu1 11 L'!.I\Jlel'U1fftiL 'U11fU'1111'U n11'1~n11'Yl1~Vi"lJ 

• 1 

"' "' .f.J, cJ 
LLrl~'1\Jl1 n11'1~n1Wl'U'Yl'Ylel~L 'YlE.11 

- m1i~m1~1'Un11Lmf\Jl1 L'tt'U m1LL ,J~i'U~fU.f11'Vi''U~Ln'lof\Jl1 ~'UL~11LL"~~'Utfo,!'V11~'U 

l'ULL"1"~:'U~ m1i~1~uutl1"lJ"tl1~'Yl1'U m1i~m1~1'Ufi1~e:i1vr11~"lJ m1i~m1ilqivr1 

- m1i~m1LL"~t'le:i~n'U11'1~'l-f L'tt'U m1n1V1'U~L'!.I\Jlel\Jl'11vrm111 nT;i'1~1~LLuu~1"mm1 
1 
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.. 

.. 

n1':i'Uel-:J fl'Ufl'tm.fl V'Vl1-:16':i':i11"l!1~ 'Vl~ell;1161':iU.l.fl 嘠L 'tt'U f11':i£1i1-:i LL 'U'U'11l;lel-:l~l;l n':it'Vl'U 

'11n 1 ~th el'Vln.nv n1':if11'Vl'U~i'UviL~V-:l.flV~'UflG'l11 n1':i~n'!i1i'Uvin~Llij1t"l!1V~-:J 
• 

fl1'Ufl·IUUJ 

- f)1';i11-:ILL~'U~-:!Li'.iel-:JLLl;lt£11i:i1':iU.IUL.f1fl L'tt'U f)1';if11'Vl'U~L"!J{;)f)1';iLivi~'U f)1';j'.ij~n1';i';it'U'U 
❉䤠

�~� ., ... 
f11':iflln~nm':i"!JV1VtJl1"!lel-:JL1leN 

- n1':i11-:ILL~'U~1'Ufl1111~'Ufl-:!Ul;lel~.flV L'tt'U n1':i1Lfl';i1tv1i'UviL~V-:lel1"l!ijj1n':i':i11 

- n1':i~m.i1L~V1fl'UG1"!J.f11'W L'tt'U f)1';i~mflfl1111"l!n"!Jel-:J~thvn'Ul'Uvi n1':i1Lfl';i1tv1n1';i 
' ' ❉䤠

., ... 
fl1'Utfl1~1n;i 

"' 

&:II V I .ct 

- n1':ifllf1~1LG1'U'Vl1-:J'Vlel-:JL'VIV1 

- ':i1V 1~"llel-:IU';it"l!1fi':i"!Je)-:J'Vl~'U1'U ~1'Ul;l ~'Ufl1'Vl~f) ~1LL'Vl'U-:J~i-:i"!Jel-:J h-:i-:i1'UU1tL.fl'Vl~1-:l'l 

- 11-:ILL~'U f111 L i1tJlfl~'U 1 'U f111f111~~ tJl f1111 Lfl11tv1fl1111'Wiel11"!Jel-:11\Jlfl~'ULLl;l:HL ':i-:J-:11'U ' . 
.. ., .1 1 ' .r ...I ., .r 

11:1..lfl-:I fl1111\Jlel-:Jn11"!Jel-:J u1t"l!1 m 'ULL\91 l;l t'W'U'Vl'11f1"!J ellll;l'W'U :01'U 
❉䤠 ... 

' . ' .c:il lll:lllcl V O cl .::I CV O -. 

- LL~'U'Vl.fl1~'VILL'1~-:l"!Jel11l;lf11'~"l!11~.fl1~el1n':i lij-:J.fl1fl1:0'11111':ifl'Vl1n11tJl~\J1111 \9111'1'1el'U~l;l 
❉䤠 ... 
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.. 

.. 

,Qi Q,I d d II 

2.4 {11'L!1'1fl'Vl bm.11"l.lel{I 

~ V '1 I ,cR I q_.f .J.J 
b 'Vl111t'1111J1f1 'U1'Uf1r;l1,:j Lr;lf1'U€Jr.J LLr;lt ~1JL'Vl111t'11l C-lr;lf11'Sf31f1'\i1'VfU111l'V·l1.J'Vl'VlL 'Vl111t'111111f1LLr;lt 

tl1'Una1-:i\Jle1n1-suant11i11'111!'Ue1~ 154,419 lfaat 55,862 li fi~L'U'U½'mmt 37.37 Lbat 13.52 
'U 'U 

.f..J~ .r:::i1.J'.daf 1 d al alfl'~V'1VII 

"l.leNVi'U'Vl'Vl-:iV111~ LL a t11Vi'U'Vl u ~m.11-:iVi1-s1u1-:ia1'U'Vl&11111-st1 u~ n u1a11'U 111'1.J ~~~, ti 

Ahamed, Rao LL1;1:: Murthy (2000) L'tl'ileJ-WviLL1-i IDRISI '1°1V1-run1-s1Lfl':i1tl-1 
, V I I 

"llellJa~1t1 GIS i111nu Fuzzy membership model L'Wel1Lfl':i1tl-1'Vl1'W'Uvif11-SLf1'\i\Jl-SviL'Vl111t'11l 

nu m-su~n Finger millet 'Vl~el i1Tw1-:ia1114111 (ri1irn-:i1'U 1m-:in1-sa'4-rm~M'1.J"qm-S1J'W"tleJ'U 

_d O Q ~ v .r:::if J{ .::ii II 

L 'lJeJ,:j1J1'11f1Vi'St'S1"!11111':i '11JL111'1Vi'S::L 'VlVi'S\Jl'U'S1"!1'11111"1 '1f.J11l\J'S1l'S1"tlf1111':i, 2539) Vi'U'Vl'U1"l.111 • • 

L~t11"llel-:i ~-:i"lleJ1Jr;l.f11Vi "llel1lr;ll;lf1'\itlJt'U'Stli11 (Attribute data)LL \J'\Jli11aeJ-:ifl1111'1-:i L :a-:i~1La611 
'U 'U 'U 

(DEM) LLatLLC-J'U~LG1'Ui'Um111a-:i (Contour maps) "l.le1-:il;;'n'\irut~'U n-sruiw~1'U"l.lel-:i~'U i'Um111 
'U ~ 

~-:i"l.le1-:i~'U ~wa11min1-s-stu1t1'11 -st~u'111\91~'U ~1m111,i 1 'Um-suamtl~t1'Utl-st,iu1n ( CEC) ~1 

fl111JL'U'Um111 - ~1-:i"l.leJ-:i~'U (pH) -s111~-:i"lleJ1Ja.f1i'.iel1f11f31 
'U 'U 

Tan LL!;!:: Shibasaki (2003) ~f1'\i1LLr;ltW~'U1L 'Vlfltifl1fi'U';itLii'UR111lb 'U'U 1 u1~"lJe),:j 

m-s'l1Gjn"n~'Vla1t151"11il111 ~-:iiheiu,i11J1\Jl1-:in'U 1 'U~'U~L~mn'U 1111t1\!-sru1m-su uulii1aei-:im-sn111 L'il1t 

"l.leJ-:i~'U~'1-:ic.Ja\JleJC-Jac.J~\Jl (Erosion Productivity Impact Calculator, EPIC) L'Vlfltifl GIS LLat 

Inference Engine (IE) L +1a Vi\J11L 'Vlfl'Lifl1ITT 'VllJila1111-St1'11"eJ-:i&1t11'Uf11';if.'UL f1e1Vit11mrut1~111ru 

C,Jr;lc.J~\11 (scenarios) 1~ ,:j1'1.J1~t1dv-:i 1~'U';itLii'ULLr;ltVitJ1fl';if.'U'U~111tlJC-J"C-J~\Jl L'U•tb.:i fl.131. 2010 -

2050 LIYltl'U';it Lii'UVJf11 10 tJ Vi\J11LL'U11 if1161JeJ,:jc.J"C-J~\Jl~'Uel~ f)\J.f111tf11';i L 'U~ tl'ULL 'Ur;l-:l'Vl1,:j 

,Qiiel1f11f31~1tl 

Santoso u1;1::fltu:: (2010) ~f1'1i1f11':i'St\J1111"l.lel-:I L':ifl~1\91'ULU1 (Basal stem rot) 

"l.lmtl11;111'111!'U ~1m 'Vlfl 1 'U famn11~111'1'11mtt1t 1na (Remote Sensing, RS) ~-:i1~tl1111Y-1'11n 

11111L vit111 QuickBird 1111Lfl-S1::i-1LL"ttl-st111ac.Ja L ~eJ-:1'11ntJ1i11'111!'U 1 'U~L U'U 1 -Sfl~-:imh1'1tii 

1-hnTH1t'VleJ'IJ'1.:Jb'I.J•tb.:iu.1;1.:i~\Jl11leNb~'IJ (Visible band) u.a:::'1:::'VleJ'I.J~1b'IJ"tb.:i Near Infrared 
'U 
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.. 

(NIR) 

"'n'liru::: fie1 nTs1:::u1viu 'Yi-im:::'<il11:J~11tlhJih1:uuLL~'U (Sporadic pattern) LL'1:::n111:::u1vi'<i11n 

LL 'Vl~.:Jfl1L 'Uv'ILL\Jl mL "ll'U.:Jfl~11:.l~.:J 1l! (Dendritic pattern) 'Ueln'<il1 ndm11~1:J 1~imJ'111n111:::u1vi 

"UeJ-:t 11fld'<il:::'Yiu 1 'Utl1~hJ~.:i~ihll'U~ijmmnnu'1:::m1:JtJeJ1:J • • 

Chen ua::flw:: (2010) 1iL'Ylfl'Ufl GJS ~11:JLtl1um:u Arc/Info -:/1:unum1 

1Lfl':i1:::~~11:J'Vl"'n Hirarchy and fuzzy mathematics tl1::::u1rum1UJL~el'Vl1vr'U~L'Vl:U1t'1:U~el 

m1tl'1n1:J1'1'U 1 'U:UW611'1L 'Vlel'Vl'U1'U (Henan) tl1:::L 'Ylfll~'U 1 'Um1i!lm iil'<il~l:J~L~l:J'l'Uel-:1 3 mh.:i 
'II 'II 

Fiorese ua:: Guariso (2010) ~n'li1'Vl1LL'U1'Yl1-:tm1~~\Jly;"tl'Yi"'-:i-:i1'UL'Utl1:::L'Ylfll 

B\Jl1mm~~'1~~\Jl'1-:tav11~w1iL'Vlfl'Ufl GIS 1Lfl':i1:::~'Uel:U'1L~-:tvr'U~ ~-:!LL'U'U Spatially continuous 
'II • 'II 

bijeJ,:i ':i11:.l-:t1'U~'1,'U~L V1:u1:::G1:u~e1m1tl\]nv;"tl'Yi"'-:i-:i1'U fie1 LLfl1'ULeJi'h~ l:.l - hl!qiqi1 (Emilia 

Romagna) 'Vl1.:J\Jlel'UL'Vl'Uel"lleJ-:ttl1:::L'VlfllB\Jl1~ 

1 Lfl':i1:::~~11:J GI$ L-rlel'Vl1,'U~ L 'Vl:U1:::a:u L 'Un1':itl\] nn"tl'Yi"'.:J.:J1'U~i1~qj L 'ULLfl1'Ufl1 b 'Vl 1m 'Ul:J 

.1 .1 ~ .J' ..J 1., 'i .1..J il ., .. 1., ' ... :: ., ' (Catalonia) u1:::b'Vlfll'1bu'U ':i'l:U'Vl-:t'Yi'U'Vl\Jlel'U \Jl"llel-:t~~':iu'Vlel~ n'1Lfll:J-:t v'ILbn 'Yi"tl'U1:U'Un"l:W 

Brassico spp. (B. carinata and B. napus) LL'1::: Populus spp. m:::'U'l'Un1':i1Lfl':i1:::~~11:.l GIS 

~1!:"I"" ., .J' ..J., ., .1"" .1 .J' 
'U'U vl ~"tl"Uel:U'1fl11:U"tl'U'tlel-:t'Yi'U'Vl ~-:tn1':i'YiW.J'U1 1:::1:J:::L 1'11'tlel-:!LL'1-:t u':i:U1Ww'U fl11:U"tl'ULL'1:::fl111l 

'II 

Wang ua::tuu:: (2011) 1-nL'Vlfl'Ufl~L~mie1-:inun11tl1::::u1a~a.fl1'Yi (Image 

Processing) 2 L'Vlfl'Ufl 1~LLfl GIS LL'1t RS ~11:J611€l'W'VILL11 ArcGIS Arc/Info LL'1:::6/lel'W'VILL11 ENVI 

\Jl1:U~1~'U tl1:::Lij'U'Vl1,'U~zj,:iij~nl:.l.fl1'YiL'Vl:IJ1:::a:u (Land suitablility potential, LSP) L'Um1 

tlani11a1~ (Tritium aestivum L.) lmih:i.:iun~-:i tl1:::L'Vlfll~'U J-:iffi~Lifontiie:i:u'1.fl1Ylt:i11:J 
'U 'II 
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~11 L vim.1 SPOT LL'1t'!Jtll_!'1thtmlU~'U 'l l.J11LPl'.i1t\1~1V15L \1PltLL 'U'U{l-;J,:nh1.nrm ;i.:iif'U~flU'!Jtl 

~'1~1u1~m\11'.il'U~'U tl~l.J1rutl1~'U ~ru'l-1JJil tl~l.11ruLL~.:J 1~mi1LL'Unm1l.lrnmt~l.Jt1t1mtl'U 5 

'.it~u 1~LLri L'l-1l.J1t~l.ll.11n~~~ mn tl1'Un'11.:J 'UeJV LL'1t uiL'l-1l.11t~l.J , 

Walke, Reddy, Maji LLfl:: Thayalan (2011) Pin~1\11P111l.JL\1l.J1t~l.J~tln1'.i 

L'Vi1ttl~nll1v (Gossypium spp.) 'tltl.:J~'Ul'Uf~l.J'l-11'.i1'tl ;.:ii.:it1tj~t1'Ufi'11.:J'tltl.:JU'.itL'Vlf'li5m~fo ~1v 

' ., 
m'.il-llL'VlPl'UPln1'.i"1Uit1'U'!lt1l_!'1 (Overlay Technique) 1 'Un1'.i1LPl'.i1t\1~1V GIS ;.:i'!Jt1l_!'1'U'U 

el'U~U (Order) flt! Entisol 

lnceptisol Vertisol 
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.. 

Cid II uJ.du u s, ..,J 
'VILm.11"tlmnu"W'U'Vl,1~V1,~'1';itUm ~~'U 

..,; 
'U'Vl'VI 3 

1.1 -ue:i111;1,11nm-:i'1'1-:i,,1';it1:Jt 1n1;1 1~uri .n1"Wri11:J,11n~11L vi1:J11 Landsat ETM + 
'II 

1.2 -ue:i111;1':itUU'11':i'1'UL'Vlf'l.ni1ma\9li 1~uri "tleJUL"tl\9ln1':i'Unfl':ieJ~ .ni1mmf'I .ni1iJ-:itL'Vlf'I 
" " 'U '\I 

m111;i''U"tlel~~'U (Soil Moisture Index, SMI) \911111fi"tlel~ Zeng, Feng Ul;lt Xiang (2004) 

~~'Uel 2.1 - 2.4 

2.1 '<ij~ L\91~ l:J116Uell.jl;l.fl 1'Wri1 l:J~11 L vil:J11"tlel~'<ij~'Vf1~'1';it LLf11 b~ l:J1 -if-if ell;jl;l ,11 n~11 L vi l:J11 

+ 'I ., .,1.,. .1 ., ... :1 ., ..i ., 
Landsat ETM .fl11:JL\91'1.fl11t\J':i';il:J1n1f'l'Vl11L11'el w'U fl'l'U 'Vl':ielu,J,Jl:J':i\Jff'l'Uel'U"] 'Uell:J 

11n':i1fl11 'W.f'l.2554 

2.2 unr11iqiqi1ru';iUff'J'Ut,111:J1fi Quick atmospheric correction algorithm (Richter, 

1990; Zeng, Feng, and Cao, 2003) 

2.3 u,J1;1~-Uell.jl;l.fl1'W~iifl~'Uf~i1 (Radiance images) L'U'U~UJ'Vl~i1m-:i'1t\1el'U 

~Jt ~ ( ) (Reflectance temperature) Ul;lt~u.l'VllJ11'W'Ut:J1 Surface temperature 

2.4 tl1-ue:i111;1,11n-zh~~'U111~1'U1UJ'Vl1r11 Normalized Difference Vegetation Index 
'II 

(NOVI) ~~'111n1':i 3.1 

, ... -----------------------------~, 
I \ 
I I 

! NOVI = (TM4 - TM3) ! 
I t----
1 i (TM4 + TM3) 1 ,, _____________________________ ..,,, 

NOVI = ~,iilV.'nVfS1flJ 

TM3 = m-:iu~r~mmh~fl~'U\;l11lel~Li1'U (VIS) fl11111:J11fl~'U 0.63 - 0.69 L11bfl';iL11\9l';i 

TM4 = n1':iLL~-r~ITT.-u-d,~fl~'U1m\'B-uvl-:i1L':i~ (NIR) 

bi 1fl-sUJ\Jl-s 

..i 
fl11111:J11fll;l'U 0.78 - 0.90 
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.. 

Liie:i1~'U\;11LL'Vl'U~~n~ Ts, NOVI vi1-11'U1ru1~l;l~'U'Un11'°'~~fl1'Vivi 3.1 '1~'Vi'U11r11 • 
NOVI '1~e:Jtjfl1EJ L~"!Je:J'UL'!l\Jl~'Uviirn'l:iru~fl"1EJ~L'Vl~E.ll.Jfl1~'VI~ (Zeng, Feng and Xiang, 

2004 ; Lambin, 1996) ABCO L'U1~'U1'U Ts - NOVI L~Elii"!JeJ'UL"!J\Jl'U'ULtl'UL'1'U"!JeJ'UL'!l\Jlfl111l 

ui~LL~~ 'Vl~e:JL'1'U AC L'U"!Jru~viLa'U BO 'Vl~e:JL'1'U"!Je:J'UL"!J\Jlfl111l'q1J;i'ULU'U'!Je:J'UL'!J\Jl~1~ ~n~ 

Ts, NOVI via~"ln"L'1'U AC '1~iim111ui~LL"~ ~1'U~n~ Ts, NOVI via~"ln"L'1'U BO '1~ 

Ts 
A 

C 

0 

B (Tsmin, NOVI) "wet edge" NOVI 

ll1'W~ 3.1 m1fi1~'11El"!.le:J~'!le:J~i;1L'U1~'U1'U Ts - NOVI (Zeng, Feng and Xiang, 2004) 

3. 1Lfl11~"1'Vl1r11~"!1'Ufl111l;i''U"!Je:J~~'U (Soil moisture index, SMI) ~1E.1'11Jm1 3.2 r11ffi~ 

'1~e:JV';i~'Vl11~ 0 - 11~vri1viLi11n" 0 LL'1~~11:'Uv1'1~~~iifl111JLL~~LL"~ G11'Vl-r'Ur11 SMI 
" 

,, ... , 
I \ 
I I 

j SMI = (Tsmax - Ts) ~ iWfl'1'1 3_2 
I I I CTsmax + Tsm;,,) ! 
, ... ____________________________ "', 

Tsmax 

Tsmin 
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.. 

• 

5. 

SMI ~tl el1Jl11'1'J'U1tvr11,:i~.m~h-:i'lltl-:J Tmax -Ts LLt;lt Tmax - Tmin Li'.ie:i1-h NOVI 

LVl1n'U vh111UJ1.fl1Viv1 3.1 '1tL ~'U11'1~ E L U'U~n~'11nr11i:,rn~h-:i1t'Vl11-:JtlUJVl.fliJa-:ia~ ~tl , , ,,,,, 

,,,-------------------------------... ,\ 

: T D b : 
1 Smax = a1 • N VI + t • : : 
I ---

: Tsm;n = a2 • NOVI + b2 I 
I 
\ I 
,, ________________________________ , 

'1.htntl'I.Jn'I.Jm1'1lJ.fl1~ilJ~v1L~EJ'J'!Jtl-:J 

aim11 3.3 

n11LL t]t;l,:J'!Je)lJi;l L vleJn111Lfl11t\1 1~ EJ'\J1'!JtllJi;llJ1i~vi1L U'U'!JtllJi;l LLe.J'Uvi1t'IJ'IJ'111'1'UL 'Vlfil 
V V V 

'11l!u 1~v;ln~111i1 LL tl1V1~eJ'U'1iEJ LL\Jlt;lt'l!U~i1e..i"\Jle:i~nv111Yii-:im=h1lJ1n-ueJ EJ L vfo-:i 1~ ~-:id 

1~vm1~111'1Le:ina11-:i1u1iv~L~v1-ue:i-:i LLt;lt/vr~e:ia{1-:ir11,b-:itl1V1tl'n 1~i1r111 'ULL\Jlat1t~'\J~ 

L VllJ1t'1lJ Vli;r-:1'11ni!'Un1'Vl'U~r11fltLL 'U'U 1 ~n'I.Ji'JLL tl1'lltl-:J'U'1iEJLL\Jlt;lt"!IU~ 

7. 1Lr111t\1V11,'Uv1vii1~nEJ.fl1'Vi~'JEJ1~n11l1'1.Jitl'U'!ltllJa (Overlay techniques) L~EJm1 

II 

fi1u1rur11r1tLL 'U'U1'JlJLL 'IJ'I.Jd1-:i,l1V1tl'n 

8. a{1,:i LLe.J'Uv1 LL'1~-:Jfl'J 1lJ L VllJ1t'1lJ\Jleln11tla ntJ 1~lJ\112J'U'lleJ-:Ji-:JVl1 ~'11tLLf1'J L~ El LL'1 ~,:i e.Ja1t i'IJ 
V 

!', ., ' 1" ' .r .,j .r cl>! " .r .,j1' fl'J1lJ L VllJ1t'1lJL u'U1t~'IJl,)1,:j ") ~LLn 'Vi'U'VlL VllJ1t'1lJ 'Vi'U'Vl LlJfle)EJL VllJ1t'1lJ LLi;lt'Vi'U'Vl lJ 

( 
.., .,j.,, ) 

L'VllJ1t'1lJ ml.l'Vi9ll'U1Vl~'U, 2548 

9. i~vi111EJ-:11'U1i El '\J1L'1'Utle.Ja1i m ;,:iLLt;lnL tJ~ EJ'Ufl'J1l.Jfl~L \1'U\Jlel.fl1fli:1'J'U1ti'I.Ji-:JVl'j'~vi 

L~ v1ieJ-:i 1,1a eJ~'1'U'\J1L'1'U eJ 1 'U1ti'IJ-n1~V1~t1tJ1u1-n1~ L ~m tJu eJ-:ir1r1111J{\JleJ n11i9ll'U1 n11 
V 

t]t;ln,J1~1J'11l!u uat/V1~mvir1Ur1m1tl1t1nae..ia (Image Processing Technique) \JleJ1tl 
V 
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• 

• 

d 
\J'Vl'VI 4 

.d d s., cv S dv v v .d 4 , 1 .d .K du v II' 

'VI Ltl r.i111 eN nuvruvr-il .:ivr1~t1';it um L Vi en Lf'l';i1tvrvr1f'!1f'l.:i'VI Lu'Vi1 t'Vi'LIWiM'Vll ~'1';it um U"1t'1t 

th1tflmLm1t\-1r11~"tl'Uf'l11l.l.ff'LlteJ.:i~'LI (Soil Moisture Index, SMI) !,leJhh!'LI L~l.l~'Ll~1r.Jt11';i 

'U1.fl1Vit:l1tl~11L'Vlr.Jl.11lel.:i:'U~ ru ')'LI~ 10 l.ltl';i1f'lll Vi.f'll.2554 ~.:i1~f'Ut11';im1'1LLf1L-d.:i 

L';i111f'IW\Jl (Geometric correction) ';illJi.:it11';i\Jl';i'J,JUt1f'l~'Llf.:i~ (Radiometric correction) 

el~1.:i 1 ';j f1\Jl1lJ.:i1'U1~r.Ji11~ilt11';iUm 11m1llf'l"11~ Lf'l~ el'U~ EY.:i L 'Vl~elB'UL ~el.:ill1tl,l1tl~.:i';i'U m'LI 1 'Lli'LI 

'U';i';itl1t11f'll L"ll'U Lllm ~'U"1teJeJ.:i 'Vllleltlf'l1'Ui,;1.:i"] ~1~15 Quick atmospheric correction 

algorithm L~l.lL~l.l 1~e-.J"1~.:ifl1Vi~ 4.1, 4.2 LL"1t 4.3 

E~ + band4 5!!.78 - 0.90 ~cro meterL ~T + band~l0.4 - 12.S~icro mete~ 
76fU'I.I 84ll'nl SSOO'lll 7~ 8(JOODII 841ml ~ 9_ 

n. 't.l. 

n1'W~ 4.1 t11';iuc.if.:i~·1m.:i:'U~11'Ll~'Ll~~.:ivr1~a';itUn1 

n. 1mb.:if'l~'Ll1m\'B'U'rh1L';i~ (NIR) f'l11l.lr.J11f'l~'LI 0 .78 - 0.90 1l.11f'l';iUJ~';i (µm) 

11. 1'Ll•1b.:if'l~'U~1lleJ.:iL~'U (VIS) f'l11l.lV11f'l~'U 0.63 - 0.69 µm 
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.. 

.. 

~~T + band'Ul0.4 - 12.~icro mete~ 
... -

111-vtii 4.2 m1'1:::'Vlei'Ui~5,m~.«'Utb t-u.«'U~~~'Vl'l~H.'11::: Lu111'Uih~R~'U bl 1R1L1li (Microwave) 

d 
fl11,lEJ11fll;l'U 10.4 - 12.5 µm 

Sureface Temperature (TS) 
UJ'"\.<"E W,-JO"E l()'.!" 1$1l 

8-10000 860000 8SOO"' 9(1XMXI 

287 (1() 306(1() 
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.n1cwvl 4.4 ri1 Normalized Difference Vegetation Index (NOVI) "tlt1-:ii-:iV11i;i£11::un1 

"tlt1-:i Zeng LL"::flru:: 
TIVI NOVI 

340 

Tmax 

320 / 
5< 
';"300 .... 

280 

lmln 

260 

. , 0 -05 00 05 1 0 
NOVI 

.n1-w;i 4.5 n1'ifl';i::~1E"IJtl,:j'fltJl.Ji:11'U'J~'l..rn.J Ts - NOVI "lleN'iil~Vl1~'1'J~U.rb 
'U 
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• 

"Uell.J'1 fl1'i fl'it ~1EJ(;l1v1-:I mi 11 t1fl'W 11111 'lfi Lfl'i1:::ivn La'l.l"l.lel'\.J'\.J'U LL'1t"l.lel'\.J~1-:lfl1'i 
'U 'U 

m:::~1fl(;l1"l.lel-:lfl1 Ts LL'1t NOVI L~V1fi Linear regression 1~'111fl1'i"!lel-:lba'l.l"!lffUv1-:lfl~11 Fie:i 

Tmax = (-14.58) NOVI + 316.67 

Tmin = (1.04) NOVI + 285.42 

(bfl'11'l.l, K) 

(bfl'11'l.l, K) 

'111fl1'il'Y.:i'1e:i.:i-d~:::nni.111 tl1Lr1'i1:::ifl1v1'!lilm111('U"!lel-:l~'U (SMI) L vJe:i l ith:::bl1uvn 
'U 

,'l.l~b 'Vl111t'111L 'l.lfl1'itl~fltl1~11tl1JJ'l.lL 'l.l~-:l'Vl'J~'1'itLLfl1 L 'l.l'llel 4.2 ~el 1 '\.J 

.. 
4.2 ~~n11cvr1fi1~11'Uf11111;iu,ie1~~u 

fl1'i1bfl'i1:::ivi1fi1v1'!1'Ufl1111('l.l"!lel-:l~'l.l (Soil moisture index, SMI) ~::: 1 i'111fl1'i 

3.2 \Jl1111fifl1'iFif1'li11~Vv1-:lm~fl~11111 'l.l'\.J'Vl~ 3 o/Y.:iffi i.n1'rl~1fl'llel 4.1 b 'U'U"Uel11'1i-:l~'l.11~~'1 
'U 

Soil Moisture [ndex Distribution 
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• 

~1-:J '1 J-:iilrU'\Jn1'H U~EJ'UL vi£J'Uel1-:JB-:JL ;j,:i~'\Jm 'LJ,)-:J'Vl'l~i:11~lJ.f11L vi1,!'IJ 11£Jl;l~LBEJ~6UeMR1 SMI 

r1111JV1l.J1£J6Ue1-:i~1~-:imh1 \1ll;leJ~lil'\J"!leJl.J1;1.n1"Wlil1nm1i.J1~l.l1m,rn LLi:1~-:i1~~-:ii1 
'IJ 

' ... ... .. II ., .J 
~1u.V1tl-:iviijf-11 SMI e1u1~V111-:i 0.00 - 0.25 

... 
'Vll.J1£Jf.)-:J ~'\Jl.Jfl11l.J'!f'\J'\Jel£J'Vl'1~ 

'IJ • 
\,11LL'Vlti-:Jviii~1 SMI atji~w;h-:i 0.25 - 0.50 

cf ... "" .r ., 
'Vll.11 El t:l-:J ~'\Jl.Jfl11l.J"ll'\J'\Je)EJ 

0 I -=i!Clll I I I 

0.50 - 0.75 
... "" .. .r 

\1l1LL 'Vl'\J-:J'Vll.Jfl1 SMI el£J1~'Vl11-:J 'Vll.11 El t:l-:J ~'Ul.Jfl11l.J'!f'\Jl.J1n 
'IJ 

O I .d-=t I I I 

0.75 - 1.00 
... "" .. .f d 

\1l1LL'Vl'\J-:J'Vll.Jfl1 SMI eJEl1~'Vl11-:J 'Vll.J1£Jt:l-:J ~'\Jl.Jfl11l.J"ll'Ul.J1fi'Vli:1~ 
'IJ • 

_,, .f d., ., ., d"" "" .f ., d 
fl1'W'1 4. 7 'W'\J'Vl,J-:J'Vl1 ~,fl~ lJ.n1'Vl~'\J1lf1111l'!f'U'U el£J'Vl'1~ 



.rd ~ d CV .., II d..::t. c:il .K II 

ll1VfVI 4.8 Yf\J'Vllil-:JWl~'1")~LLffl'Vl~'UlJfl11lJ"l1'U'Uelf.J 

.. 
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al .A' d Q.I IV V dolClr, q .K .d 
.fl1'W'Vl 4.10 'Vfl.l'VJ'<iJ,:j'Vf1~&'1';itLLf11'Vl~i.J:I.Jfl11:1.J"l1'U1J1n'Vl,Wl 

' .. 
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.. 

'l1'1J\JlB'Llil~1Li1'1Jrn11~ f.lrn1n1V1'1J~'Vli;r n Lnru'fivtl ii Lf'l11::~V11'Vl'IJ~ L V1111::m.1~Brn1 

t]Rm.ha11tl11J'IJ 1~ fJ 1 'tf'Ylel1Ji;l'Vl~ fj.flij LL'1t fl11'11J.fl1~ci,r n1"111 fl11 Ln~\Jl 1 (Jll;l e)~,J'IJej\h Ln~\Jl 1 m~ 
~ ~ , ~ ~ 

L~f.l1'Uel-:l,a-:I L ~e.Ja~,:i,Q 

vl'IJ'Vl~-:i1;111111'1tlantl1a11tl11!'1J a11111m::u1~~1V"11~~'Ll'11mi1'1J-UB1J'1 SoilView 
~ . . . ~ 

'WtJ111 'IJ~-:l'Vl'l~'11:: LLfl1"11~~'1J~'111J11'1'LJRntl1a11tl11J'IJ 1;{V11niirn1~~fl11~L 'V11J1::'11JRel "11~~ 3 
• v • 

LLa:: 25 ;a-:im::,11vB~L'Ll~-:iV11~~-:iitl ~ 4.12 

~ 

viua~'\11 m nll1 v 
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... 

• 

' ' ., 
ijjt1'll1.n1'YiflT~m~'11v~1-ut1-l~h.rviii~"!l-um11J-Yi'Ll (SMI) elVL'U"lb-3 0.5 - 0.75 

'U 

:;:~:~f;> :, . ..,~~~ 
• ,·._ - <-,• 

--~-- -;~ 

~ .. ; -·· 
• • •• .-•• ,, w • 

. •·'•. \" .. ,~ 
.:;:·!i 

~~~1 

}\,. 
·--;. , 
·/: 
. ...: -~:-

~:: ;;: 
-- ~ ·; 

j . ---~ ~; -: 

~ •. -¼: •. 
':""'\ ;: a": -~·::.~ 

. :-,~it 

s ~ ... 
. 

-,: 
-.,r 

• > ~ "'• • • ••.-:;;:',; r' ,. 

. • -~, -4,· ... 
...... "" • :.... ' - Ji-#' • ,.,......._ . .119'.· ~ 

~- ' ' ~ --- -p:_j.~ ~~~ - ~~.,:;.. 
• r --..... • , # . ,- •,. 

----~~4~~ 

• .. __ • mJ ~ 'I: .. ~.1'--- ... .. .,a ... .,a... .. 
"'"'' 1aw1w~mr-,n11n11;i,in1ntLl11111Z&UJ ■ RU'Wlllfl'l111'11\19~ (SMI = 0.5 - 0.75) 

111-w;i 4.13 u.~'U~'ilt1'U'VlU'Vt11Ja"!l~~'U~L vtmt'11J~t1 fl1';i,Ja ntl1~1Jtl1ir'U~t1ii fl1';ji ~m·rn~1-3 
'U • 'U 

LVl1J1~'11J (m1J'WWJ'U1~~'lJ, 2548) t1U'Vel1Jat'U~'U~rl111J('U'1'3 (SMI = 0.5 - 0.75) 
'U 'U 

~ 
., ., 

1,/-c::il I,, ~ A ' 0 Q./ 1J 

.f11'Yi 4.13 'Vl ~'U '1~ hLtl'Ufl1'YiU';i~L1J'Url111JLVll.J1~'11J L'Ufl1';iU'1flU1'11J'lJ11J'U fl1VL~ 
'U 

Lflf.1.1'1 ~el 1 tli1 

.r .J 
'Yi'lJ'Vl ■ 

.r ... 
'Yi'lJVI ■ 

cf ..J.d , , ?: .., .d q " d 
Vll.11 V 0-3 'W'UVl~-3 L V11J1t~ ti fl1';iU'1 ntl1a1J'lJ11J'U UJ tl1J fl1':i'1 ~ fl1';iVI L Vl1J1t "1!1J 

'U 

., ., ' 

flv Yiuvii~n1'i'He1uvi'u~~vi'l1'1Tiuvi ■ LL'1::; ■ 

.if.cl I 'tcv 
Vl111V0-3 'W'lJVILVl1l1t'11J~e)fl1';iU"ntl1a11u111'U 

'U 
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vhmm 

vi1LL!Jn 

.cl .J'.cJ 'J ~ ~ca., o o O di SI 

f'l'lWfl 4.15 vm'VIL 'Vlmti:111 ~ 'Un1'5tlant1,a11'U11J'U"tleJ.:J1J11'Ul;'lfi11a1a1~1'U mL.flm11e1.:il.'1-st LLm ,, 
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'\ll'Utl~Utl'U 

'\ll'Utl~'\1117 

L'U'U'\lllJ7nL~~ 

1vll'U7'Ul'l'i 

'\ll'Utl~'\1117 
, 

L1J1ilf17'i'1 

\111Lfl1EJ'U 
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.. 

L'IJ1ilfl'l~,J 

'\/l'lJeN'Vli1 

'Vl1Lf11fJ\J 

"' \' 4 
',M'lJ1LfJ\J 

45 



.. 

vhuvn 

'Vl'Utl~v'l::LflV'UtJel'IJ 

'Vl'Uel~LL'N 

')~'U1'1Jf'l'l 

'Vl'Uel~U'N 

vi1Lf11V'U 
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L'VllJ1t'1lJ"i.leJ-:i:5'-:iV11~a1tu.n1 l~u.ri :-u~"t.lel-:JE1L.nmifo-:i ~-:ithtneJ1J~,t1~1uavi1Lm111 952 l 'i 

~1tJ"u1-uu.n~ 652 1 'i ~1tJ"P11a1~1v11u 896 1'i LL'1t~1tJaa1tt1ru 222 1-i 1-:i11«u~te1~ ., 

I t/ 9/11 

via~ 1-unTrt.lamh~iithir-u 1-u-:5'-:iV11~a1t u.n, i.:ii1w'-il11ru1u.at1 L~'j1t1-hu-w1toneJlJa"ll~~-uu.at 
'I 'U \I , 

.r .. 
~')13.J"ll'U"i.lel-:J~'U 

., ,c0.fdo 1 ~ .fd l' , .J ' 
~,1lJL'VllJ1t'1lJU.aTW'U11lJ'Wti'VI\Jl1'Ua i..ti..t'Vl111m~.:i 'tlti1~'Wti'VI 83 'j L'VllJ1t'1lJ\JleJn7'ju~nthalJ 

tl1iri..i tieln'-i11ni1v-:i'W'U~')tl11ti..t~~1'UaL'tJ1Um'j'1 u.at'Vltiel-:J'Vl11 LtiL"i.l\Jl81L.f1elL'tJ10m1~nLiJi..i 

:'U~L'VllJ1t'1lJ~eJn1'j'U\}nthifotl1iru mh,~eln:u~L VllJ1t'1lJLVhnu 253 1 'i u.at 463 1 'i 

\JI 1lJ~1~u 113..1~1 u,i..i:i..i~~-:J'VllJ~'tleJ-:J -:5'.:i'Vli' ~a1t u.n,~ L 'VllJ1t'1lJ \JleJ n7'jtJa ntl1~3..1,l1iri..i L vh nu 
" 

1 t t 3 J d cu I . . . il I ... ocJ . I . 1 "' . . . .J'. d . Q.I 

4,094 1 V1~1J'WU'Vlv1.:ina1-:ieJt1 -una11'!fv1v1U'VI 3, U.'1t 25 mn.:i 'jn\Jl111u1.:i-w-u'Vl~ru"n~ruttei~ 
'U ,. 'I , 

~'IJ'-ilte.J'1lJ'jt'Vf11-:in~lJ"lt~~-ul~ L'lfi..t :u~;-:iii~"lllJ'Vj 'jt'4La'tl 25/49 '-ilt'VllJ1ti5-:i :u~L'VllJ1t'1lJ 

t i..tn1'jtlantl1~3..1,l1iri..i~tl'jtneJu~1t1mllJ"ll~~i..i~ 25 u.at 49 ~.:ii!uL'rieJ t in1'jtlantl1~3..1,l1iri..i 
'\I ., 'I 'U 

47 



, 

d 
tJ'Vl'VI 5 

'r;l-:itl~-rnn111iv e1.nt111m-rn bbfl~imai.imbu~ • 

L~EJ'Jf1'Ufl11:U;1'1J (ni:U'1.:iLr.'1~:Un11Ln~\Jl1, 2549) .:)1'1J1'.ijEJil~.:i1mLfli1t\-1Vl1'Uell;J'1fl11:U;1'1J'!JeJ.:)~'IJ 

(Soil Moisture Index, SMI) ~.:iilL~m:nnn111Lfl11t\-1Vl1fl1eJWVl.fliHf'IJSJ1 (Ts) Ll.'1tfl1~"i1'Ufi"i1 
• 'U 

W11W (NOVI) L;;eJr.1i1.:iu.~'IJ.fl1WL;i.:i1:::'IJ1U1:::V111.:ifl1 Ts - NOVI .:i1'1J1ivilti~an11n1z,nv 

'!Jel.:i,.;n~ Ts,NOVI '1el~fl~el.:if1U Zeno Ll.'1Zf1Wt Ll.'1~.:i'l1'Uel:U'1iifl11:Ufln~eJ.:iL;fo{ieJ 1~ Ll.'1ZLrleJ 
::, 'U 'U 

I 1,1 I I 

1Lfli1t\-1Vl1fl1fl.:i'ViL1lW1t'!JeJ.:ifi'IJ'Vl WU'J1'.ij.:)'Vf1~'11:::L1.t11iifl1fl.:)'Vllil1nr.'1lJn11 T max U.'1::: Tmfn 

Lvhnu - 14.58 U.'1::: 1.04 \Jl1lJ~1~U LrleJL"llfl1fl.:)~~.:iaeJ.:i:U11Lfl11:::\-1LiJeJVl1~"i1'Ufl'".l11J;i'IJ'!Je).:) 

~'UL 'IJ,'IJ~'.ij.:)Vf1~'11:::u.n1 1~v L"ll'UellJ'11il1fi.fl1WfJ1f.J~11L viu:u Landsat EMT+ LI. ti.:i1:::~Ufl111J;i'IJ 
'U 

.. "' ., 'I ., ' .r .,;.,. .r ., ..I .r ., .r .r 
'!Je).:)~'IJ LU'IJ 4 'St~U b~Ll.n W'IJVllJfl111J"i1'1J'IJelVVlr.'1~ fl111J"i1'1J'IJelV fl11lJ"i1'1J:U1n Ll.'1tfl11lJ"i1'1J • 

.J 1 ~ II'~ ..:::. .Q , 11 , 3 .=iii , .Q !'1 ,K -=ii 3 d 
:u1nvia~ b 'Un1i'U b~IJl.:)i.'11JlJ\Jl;j1'1JLL'1ZWr.'11il'IJ Ll.'1111W'IJVlelVIU1'1JLI. 'Vf .:)"111\Jl L u'IJW'IJVlfl111J"!l'IJ1J1 nvia ~ • ca ,, ' , 

Ll.~~'1'!JeJ.:ifi1 SMI 

(Calibration) 

n114fo'IJ'VIU (Overlay) 'Uell.1'1 SMI m~,11nn111Lfl11:::l1-ii'1.:i;'IJt1Ui'IJ"lieJ:U'1"i1~~'1J 
'U 'U • 

S, CV .::JQ cl II' ... I I CV CV I/ ..:;I ..r .J 
,11n!1'1J'!lell,Ja SoilView '!JeJ.:im:uw'n!'IJ1Vl~'IJ 'il.:i_!1'1J'tlell,J'1~.:ina11 1:::,.p1,1.:iV11~1.11zu.m:u-n'IJV1 

"J~~'IJ~LV11J1zr.1:u~eJn11,J~m.hifo.J1,r'U 2 "J~~'IJ Rel "J~~'U~ 3 U.'1t 25 ~.:i-d;eJ.:i1~i'un11 

i~n11r.11'1J'l.11a:u.J1i!'IJ~L V1:u1za:u~1u 11EJ'1zLau~~.:irnna111 'IJ.fl1fl~'IJ1n ~'1n111Lf111zV11 ~~" 

11i.:iV11~a1zu.n1ii:'IJviLVl:U1t'1lJ~e)n11Uan,J1a:u.J1ir'IJ Lvhnu 4,094 1~ 'l.11tneJU~1f.J :'Uvi 
'U 

O 4 0 ,o.., 0 4' s, -=I 

'!Je).:)e)1L.fle)L1Je).:) e)1L.fle)L 'tl1uniilil el1L.flel1'nl'U1'Ufl1 \Jl1U~IL 'tl1uniilil u.at'Vl'IJe).:)Vl11 11f.J'1tLelf.J~ 

,K.,;., 0 • .,;~ 0 1' .f..l 1" ..I ..I .,. 
'!Je).:)fl'UVlm'IJn1i\Jl1LI. Vl'IJ.:)VI\Jl.:) Ll.'1Zlil1'1J1'1J i'!JeJ.:)W'IJVI u.a~.:i ~.fl1WVI 4.12 Ll.'1t .fl1WVI 4.14 fl.:) 

4.21 L'UUVI~ 3 

.:)1'1J1 i ui!l~ae1u m:u Ll.'1 t~:U.fl1~W~ L~ v1-iie1.:i nu n11'l.J a n'l.11a:u.J13.!'IJ~.:)Ufl'11 ni L 'IJ 
'll 'll • 

.fl1fli'j Ln~\Jl 1 n1 LL'1t.fl1 fl Le) n"!l'U~ L~ f.J1'1Je).:)'V.,J11'U lil~U'IJiliilu~'l.J ~ nvi'!1-na.:i.:i1'UV1'11 f.Je) ~1.:i 
., ., ., 

1~u.n e1e1v i!'IJi1uzV1a.:i u.'1:::i.J1a:utl1i!'IJ luG11'1J·tm.:ii.J1aiitl1l!'IJ-uiin11i.J"nu.~1 30,000 1 ~ 
'll 

,x - ~ CV ·~ d. d d Q V d d t CV 1~ v,J 1z:u1ru 'tl ruz'IJi.J1aii1J1lJ'IJV1a 1 EJW'IJV1l.lm·nnu Ln v1 ~"~" \Jl LL'11 1 eJU m 1 L nu Ln v1 L vi1 nu 

15 1'1J ;i,:iu.1J1n~1.:i,11n:'1Jvii.J'1m.ha:u,l1l!'IJV11.:).fl1fl 1;~ii1eJ'Un11LfiUL~EJ1i.:i LL~ 10 1'1J 1~LrleJ 
'll 

B~L'U'!b.:iq~~'U u.a:::'l.11:::mru 15 1uL21e1e1~'1u-d1.:iq~u.~.:i ue1mnnilL~mtl1EJuL'YiEJ1J1hvrun~€1 
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'Yltl;l1£Jtha1J'1~n'U.n1fl ti 'W'll1Ttha1Jtl1l!'L1 L 'Lli-n11~'11t1.1.n1 L i1:mc.1~1J1v!~1 n11 J-:ii1L ~eN'11n 

'U'1ifJ~1f1~L~eNfl111Jt'U mh'Jfle) L 'Llt)~IJ.~-:ivl1tfJtlJ.~-:JfJ11'Ll1'U '1-:JC-ll;I L i'!ie:i~e:in1J.l;lt'Yltl;l1£Jtha1J 

tl1l!'L1 vhlii:.11;1i:.1il!Jll;l~l;l,:J fie) 1~i:.Jl;li:.J~!JlLil~l:.I 2 i'U!Jie:i1~ IJ.l;lti~'Ylti;l11:J'l.ha1Jtl1l!'U'1.:J'!l11:J1~'Yln • 
15 'l'U 1lii1ilt;yVl1L~e).:J'lJe).:Jf'lfl.l.f11'WU11fotl1l!'L1 IJ.\Jl~1L U'Uie:i.:ii1n11i~ f111'11'LIU1~1J~~ 

1~ma-w1tL~e:i.:i'!le1.:im1L~e1nl'Llvl t l1'Ylfl'1el'll Lfll:.lf111'll~~'Ul;l.:J 1 tJt 'WI.I. 'U1~.:i t11-w'U1.1. vi~.:i,11 ti~'U • 
.n11:.1l'LI 1 1.1J1J11 1.1.a~.:i11l'Wvii1'Llilm11Jl'Ll1J111J5111J"ll1~L -w£J.:i-we1 e:11,11lJie:i.:il itl1L ~1J 1.1.!Jit111lJ-w'U 

fl11L U'Ul'Uvitn~ I.I. Vl~.:Jtl15111J"ll1~ Vl~e)IJ. Vl~.:i,11 L 'U1t'U'U"lll;IU1t'Yl1'U '111J11'1'U11J1 t m~!Jll;le)~J.:iu 

IJ.i;lt IJ."11C-ll;li:.J~!Jl~ Lm;1J11m~tl1;1ntha1Jtl1l!'L1L'Ll'11tlJ.n11~f 'l.J,Jt~1n11V11.:i.n1f1 ti IJ.\Jl L ~e:i.:i,11n 
'lJ 'lJ 

11fl1U1a1Jtl1l!'L1B~ L 'L1Lnruen~J.:iiJ.:iil1.1. 'l.11 L 'U1Jfl111Jie:J.:Jf111L ~1J('LI 11fl1\1.:Jn11Vf"ll'W~.:J.:J1'Ll"llil~~'U 

Lfi'U L~ 1:.111~\Jll;lel~J.:itJ IJ.l;lt u1mn'U L~ 1:.11 IJ.~1iJ!Jll;l1~Vl~e)i;l1'Llf'll(e),11n.n1f1 Le:Jn"ll'LI L 'LI i-:JVl1 ~'11t IJ.n'l 

L -riv~.:) 1 tl~.:i L 1.:J.:J1'LIIJ. tl11tltl1~1Jtl1:w'L1 L 'Lli.:JVl'l~ 1naL?1£J.:J ~'LIVl'Uf111'll'Ll~.:J'lltl.:JLn'li!Jl1m~.:i~11;1.:i 
'lJ • 

l;l1'Llf'll(tl~,.:Je)fJL 'Lli-:ivi-r~dvi1 t \1Ln'timma11J11'1'1.:Jtl1a1Jtl1l!'Ll 1 tl I.I. tl11tl1~.n11:.1 t 'LI 24 -B'1 L1J.:J 
'lJ 'lJ 

.1 ., ., ..r ..,_ I "" .!', ., 0 ., ..r .,j O .,j I .1 
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