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Abstract 

The studies of above-~round biomass chan~es, carbon sequestration potentiaL, 

and or~anic matter chan~es are the first phase under the two-year project entitLed 

companion modelin~ to enhance capacity of locaL communities in sustainabLe forest 

and plant resources management pLanning. The study site is located in a lowland 

deciduous forest of Nam Wa sub-watershed, Wiang Sa sub-district, Nan Province. Based 

on different human activities, four disturbance Levels were classified, very Low, low, 

medium and hi~h. The results show that this forest ecosystem is still ~rowin~ 

compared with the data from the previous study in 2004, seven years a~o. Small trees 

with the diameter at breast hei~ht of 4.5-15 cm increased in all disturbance levels. 

Above-~round biomass also increased from 2004 ran~ins from 10.05 ton/ha (161%) in 

the hi~h disturbance area to 26.54 ton/ha (44.84%) in the very low disturbance area. In 

term of carbon sequestration (50% above-ground biomass), this forest area has hiSh 

potential for carbon stora~e, particularLy in the hi~h disturbance area that can store 

carbon up to 161% compared with the previous record in 2004. Or~anic matters 

increased in alL disturbance Levels. It showed that the nutrients cycLinS process was 

~oin~ weLl. As a result, the ecosystem is continuin~ to provide ~oods and services. The 

next steps of this research are to investi~ate the utilization of forest products by Local 

people and explore their decision making processes re~ardin~ the utilization. Moreover, 

stakehoLders reLated to the forest manasement in this area will be anaLyzed. All 

information will be used to buiLd a set of conceptuaL modeLs that wiLL be deveLoped 

to an a~ent-based model in form of samin~ and simuLation tool. It wiLL be used with 

local stakeholders for scenarios exploration for shared Learning and improvin~ an 

adaptive capacity of Local communities in sustainabLe forest mana~ement. 

Keywords: companion modelin~, above-~round biomass, carbon sequestration, 

or~anic ,matter, forest management, learning, sustainability 
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Companion modeling to enhance capacity of local communities 

in sustainable forest and plant resources management planning (Year 1) 

'Vl'l~iCJ vl11'l111iJt11~'Ul 

Pon~chai Dumron~rojwatthana 
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V11'Vl CJ1 n 1th1~bU'U'VI1'Vl CJlm~:w flJ1lJci'1 f1ruvivm1vll1'l~11?11~ CJ bt.l'V'll~'1flJ'U'UVIv'l~'U'1fv'lu ., 

~'lVll~U1'U ~'l:WVl1i'lCJ1mmJLJ1run11V1i.11CJ~'lVll~1'U[nfl~Vlijv b'li'U b~CJ'llwJVI~m~CJ'l11CJ bU'U~'U 
" 

m~:Wf111~(9),J'U1v~1'l11~b~11iJ'UG1rub~CJVl1'VlCJ1flTlh1~ml~~'U5Yi'lll'llbU'U'<il1'U1'UlJ1 n bbviv~l.:Jl1nmlJ 
" u , 

nl'H'll~CJ'Ubb'll(l'l'1fV'lbI"11W.3inliJbb(l~~'lfllJbU'U1'llv~1'l11~b~1 ~.:JVll~,j1'U~.:Jmm'lf111~~'U1~1'l ~ 1iJ1n 

mfl1~ a'l~,m1~:Wf1111i'V11'VlCJ1f11th1~lJln;ff'U~'lVl1'lm'lbb(l~V11.:J8vlJ b'li'U :wm1b'll~CJ'U~'U~bU'U~'U~ 
'" 

vl1f111bnWm f111'VCJ1CJb"IJl?lillv'l bU'U~'U ~.:JVl1n"IJ1~m1~V1f111~bVllJ1~?llJV1liJvl11-H'VI'r'VlCJ1n1thl~ 
"lJv'l~'lVll~,jl'U?I ru b~ CJ 1'll1~ '1fru~ b~ CJ1 n'U~:wa1 'U bM CJ1oUv'l nLJ m11i'bb(l ~v'U 1n~V11i'lCJ1mtJ 11~:w 

'" ..., '\J , 

VlmnVlmCJmn~'U ~:wa1'UbMmoUv'lbVl~Td~1'Ubb~:Wll?1~'ll1~?I'lrlbb(l~lJlJlJiJ.:J"lJv.:J~1bB'l ~.:JV1liJbbl?ln~l.:J 
" " 

n'U1~CJ~'Ub:a'l b'li'U bn't'}mm~bn'U"lJv'ltJlb~Bl-tl'll1~1tJ'U11 "lJru~~b~lV1Ul~BVI tJ1'Ubbvi.:J"lJl~iJVI'U1~bU'U, 
~'llfrun1mn bU'U~'U ~.:JVI~nf111B'Urn~bb(l~m1~~f1111'UuliJliJu'Ubuuf111~~m1u'U'Uv'lrl11lJ 1~CJiJ" , , 
f111U1fl11lJ~VI1'l1V1CJ11"11?1l?1i ~.:JfllJm?ll?libb(l ~bI"11~~m?l(lli f1i1'Ururu1V1B'l~'U boU1lJ1V11iJ11ru1 bb(l~

\I dUI 'U l1l.I IV 

bu'Um1iJa1'U~1lJ"lJv'l~iJa1'UbMmoUB'lvil'l~ l'U1~LJ'U~vl1f111f1in't'}1 'UvnIiJ1nm'U'li1.:J'VIm11w~~1'U 
mmfl1~l~bi1Ufl11lJci'1f1 ru"IJv.:Jf111iJa1u ~1lJ"IJ v'l'UlJ'U'U1'U f111B'Urn~bb(l~~~n 11V11'Vl CJ1 m u11lJ'U1~

dJI QJ ,,, 

lJ1 n~'U vl'lliJ~ bi1'U1~1iJ1nm1~V1vr.:Jv'lrlf111LJ~Vl11~1'Uv\'1'U~ m1'll1~ml"11i'i'l1~11'UUru ru~tJ1'UlJ'U'U 
u u , 

bU'U~'U v~l'lhnmlJ 'Vl'U111~til'Uf111iJ~1'U~1lJiJfl11lJbb(lln~1'ln'U1'll vr'l bb~~1lJ1'U'W.:JflJ1lJfl~bi1'U 

bbG1 VI '1 fl11lJfl VI Li1'U U1 b?l'Uv Lb 'U1V11'lf111~~n1~ l?I~vVlIiJ'U{i'l.fr'U~1lJ~'l:i'lv'lll]U~bb(l~~V11?11lJI?I111iJ?lBLJ 
(ci'ltrfl'l1'Uflru~m1lJm~-w~'U1m1bl"1~~~nliJbb(l~~'lfllJUvi.:J'lI1~, 2547) v~l'll~nmlJ'Vl'U11m~:wa1'U... 
~1lJ1'U1~vl'U?I'lG1 ~ tJ'l:WuvCJ bb(l~:Wfl11lJ:S1bU'U ~v'l6f~1'lpj'nCJfl1'Vl"IJB'l'UlJ'U'U Lb(l~~:wa1'UbMCJ1-uv'lb~B 

\J , , \I 

u11'llaf111~V1f111tJcJ1'lEi''lEj'U (Lambin, 2005) 
" 

UIiJ~U'U~'lVll~,j1'U:Wf11'J-W~'U1~1'U~1'l i B~1'l11~b~1til'lm~n~11oU1'l~'U vl11-H'mtJf11mn~ 
f11'J?I ru b~ CJVI 1'VlCJl m lV)~l CJ 'll~~ n tJ'U nLJ fl11lJ Lt.l'Vl1~ LIiJl~IiJ'l"IJtJ'l?lfl1i'l~'lfllJ bb(l~1~'Uu1'JlJ bb~~m~

" " 
b'll~ CJ'ULLtJ ~N'UtJ'l G1 f11i'lu'J'JlJ'Ul~~ljfl11lJhJ bb ,j'UB'Ubb~~ CJ1 mLrim'Jfll~m'Jru1'Ubbvi~~~'U~ a'l~.Jal-H' 
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llC.J'Unl'f;ij'~ f111vh.:j 1 Iilln1I1t.i1 (l\l1'U.f11fl-rjI~1.h~f11Pl1-lill 'U'U .f11Y-l11lJ (hJhl'W Iill1tlJl11 (lc;'l ~ lB tJ~ 
lQ'Yjl~~'U~ 'VldJU1'U'Vl~B'ljlJ'lj'U) '!'U'1Jl~th~~Vl5fll'Yj llc;'l~ldJ?lllJl1f1Vl B'U?I'Umfl11lJvi'B.:j f111f111L-li" , 
th~L(l'ljU"lJB\l'ljlJ'lj'UVlB.:j~'Uhi'€l~l\ll'VllJl~?llJ v'h1-H'ljlJ'lj'U\,h\l 61 l~lJvt\ly.jl~1lB.:jlJln~'U b'li'U "lJl~'ljlCJ, , I 

511111ru (2544) bbc;'l~ 1~11tJ.:jl'UC.Jc;'l f111B'U-rfl';bbc;'l~f1111-Uth~LCJ'I1U'<illflvi''Ul9il11'Uth1~CJ"lJlJ'lj'UU1'U, . 
Jlf1 B.'vi11.:jC.Jl 'Vl~Bn1ruf111~~~.:jUl'ljlJ'lj'Uvh.:j61 L~CJ'ljlJ"IJ'UbiJ'UcrBBnfl fl bflru,,1'Uf111~bbc;'lLLc;'l~1off , I, 'U d.J \I 

th~LtJ'ljU L'u'Uvi''U Lll'l €l ~1\l11fl\Pl1lJ f111?1U'U?I'U'Ulill n.f11fl-r;JEJ\lbU'U~\l~~lL u'U 1'U f111oU'U bfl ~B'U, ... 

m~'U1'U f111 f111B'U -rfl~1~CJ'ljlJ'ljU ~\l'!'U f111Pifl~lLl'U'U €l\l fh1lJ~\lijm1lJ~1liJ 'UB ~1.:j~.:j, , 
'U€lfl'<il1fld f111~(9)J'U1mllJ~ fl11lJLilh L'U1~'U'U'Vl~€lVl-ry.jCJ1m~ijf111t11m1-Uth~LCJ'ljU "lJB.:j

" ~~ii~1'Ub~mi€l.:j1u~'U~,r'U 1 cJl'Um~'U1Uf111Lbc;'lf1btJ~CJ'Ub~CJ'UV~CJ1-lilfl~B\lljBI'l1.:j1 ~~11iifl11lJ 
~1 bu'U ~.:jIil~'Y'h1-Hcrij~1'UL~(J1i€l\lLi111il().:jtJ f)am~''Ulh~'Vl11.:j'V1-ry.j tJ1mbbc;'l~1~'U'U lm~;Jf1Iil-a\lfllJ
,,~ ~ 

LilLIil()\l~~~ln~1'Uf1111-HC.JmJ~Vl"IJB.:j1~'U'U'DL1Pl 1J'lc;'l€l~Iil'Um~'U1'Uf111f111~~~'Uh 1'Uf1111-utJ1~L(J'ljU 

'Vl~€l€l'U~m,}'V1-ry.j fJ1 m 'Yh1~~ij~1'U L~CJli€l.:jijlJlJlJB\lvlB f1111 off'Vl~BB'U -rn';'V1-ry.jCJ1 m~n11.:j~'U ij, 'lI , , 

Pl n(J .f11y.j1 'U ~1'U fl11~ ~ bLc;'l ~ ~ l'U fll111 \l LbC.J 'U n 11~~ fll1Vl-ry.j CJ 1 fl1 Uc;'l ~ tJ -r'U ~1 (adaptive 

management) .f11 CJ1vi'?lm'Uf111ru1'U€l'UlfllJ'l~ CJ1mLf)flT~m ~f111tlJ1~ f111~(9)J'Ulfl11lJ~'Vl~BPlfl CJ.f11y.j
" "IJ€l\l~ii~1'Ub~CJ1iB.:jd ij~1'Ucl'lfl~L'Uf111~(9)J'U1B~1\lmh.:j~'U (HeLLstrand et al., 2009; Ostrom, 

2009) L~CJ'Y'h1-HL~B~'Ultil11"IJlJ'lj'UVlB.:j~'U,rUIil~?lllJ11f1B'U-rfl';'V1-ry.j CJ1 mli11lJ'ljl~ltilB~1'1 &\l ~'ULbll11, , 
t1fl1~CJIil~B€lnlillfl~'U~Pifl~11tJLb~1 

1il1 fl f111~~ \Pl1lJ\ll'U1~(J ~cJ l'UlJ 1 Y-l'U11 f111Pi n~1 bb'U'U B.:j f111lJ 1 'U ~.:j'Vll~t.i l'U Er\lij't!€l CJ ~.:j,!'U .. 
Q. OJ Q,I d 1.1 <ICIt. IIl.I Q. cu 1.1 <ICIt. QJ <ICIt. IJ'q I 

.:jl'Ul Iil (J fl1 \l'U b'U'U f1111'<il CJb'lj.:j'U 1tlJl f111'Vl\l'Vl1\l~1'U'U b 1 Pl ?I \lfllJ lbc;'l ~ bPl1~\ifllil fl1B'U fl c;'llJC.JlJ?ll'U
'U ~ , 'U 

L~ tJ1i€l.:j~.:j.f11fl-r\iblc;'l ~'ljlJ'lj'UYi'B.:j~'U L~CJb-W'U f111Pifl~1'V11\l1'V1CJ1 Pl1?1 1J'lfl.'U1~'U'U'D b 1 PlUl111 f11110ff ... , 
'Vl~y.jCJ1mUl1111il1flU1'ljlJ'lj'Ubb~~m~'U1'Uf111~~~'Uh 1'Uf111l-uLbc;'l~Bu-rfl';'Vl-ry.jCJ1mu1111 "IJ€l'l~ij~1'U 

, '" 
L~m-rr€l\l1'l1\l1 Iillfl,!'U1il ~t11B\lf1fl11lJ~~11ii1.tJ?I~l\l bl'Um'h~B\l'Vll\l fl€llJ'W1 bVl€l~Lb~~l-UB~1.:jij~1'U~1lJ 
mtJlvi'n1€l'Ubb'U1A~"lJB.:jbl'U'U"ill~€l'lb.rJB'U~~~ (Companion ModeLling) (Bousquet and TrebuiL, 

2005) b.rJ€l~\ll?l~lJf111l~CJ'U~ bbc;'l~b~lJPlflCJ.f11y.j"IJ€l\l~~1'Ul~CJ1i€l\l (FowLer, 2004; Le Paae and
"" ~ 

BommeL, 2005) 1'UtillUf111€l'U-rfl';lbc;'l~~~fl11'V1~y.jtJlmul111bbc;'l~~'U5YhB~1'1&.:j~'UI'lB1 tJ , , 
.:jl'Ul~(Jdbbti\lLiJ'U 2 1~(J~ L~CJ1-u1~CJ~nmvhf111Pifl~1 2 tJ (.f11y.j~ 1) 1'UtJlb1fllil~bU'U 

f11~FimJ1iBlJc;'l ~'U\i1U'V11\li1 L1Pll'V1 (J 1~ b~mi€l.:j fl'U fll1l tJ ~ CJ'U II tJc;'l.:jlJ1 c;'l~h .f11y.j lVI'UB~'U~'Ullc;'l ~ 
" ... 

Plfl (J.f11y.jf11 ~ ?I~?llJlilVlfll~'U B'U1'UlJ1 c;'l~1.f11y.j b'Vl'U €l~'U ~'U"lJB.:j1~'U'Uii L 1 PlU1 C.J ~~1'U~ij1 ~ ~'U f111, 
~'UmtJ~lllJ'l fll'll\l n'U ~'U~Fifl~ldbU'U~U~.f11tJlvi'1m\l f111B'U-rfl';~'U5m1lJYh ellH~B.:jlJllill n, , 
y.j~~~1'lj~1~ ?llJL~Iil~1~L'V1y.j-rVl'U11'lji.'l~li i.'ItJllJ'U1lJ11'ljflm~ (By.j. i.'Ili .) bL'\-1\l'Vl~.:jl'U~.:j'Vll~,jl'U b~B, , 
vil f11 ~tJ1~ LiJ'UmllJB~lJi.'IlJ'U1ru"IJB.:j1~'U'UiiL1 PlU1C.J~~1'U , " 

1'\iU~i.'IB\lIil~bU'Uf111Pifl~lCtJ bb'U'Uf111lofftJ1~LCJ'ljU'Vl-ry.jCJlmulLlIbb~~"lJB.:jthl~CJ lfl~1J'l1m1'U 

'ljlJ'ljtJ~mPl(JBCJ1~CJ1€l'U~'U~U1Lb'\-1.:jd Vlc;'lB~'<il'Um~'U1'Uf111~~~'Uh 1 'Uf111billofftJ1~LCJ'ljUlill fl~tJ~ 
, " 

Ul bb~ ~1 bfl11 ~l1crijfi1 tJ b~ (J1iB\l n'U fl11~ Uc;'l ulLlI L .rJBvl1 fl11lJ bi1l1il1 ~ 'U'U~ Iil ~vl1 fll1i.'1~1\l 
" " 

bl'U'U"illc;'l €l\l 'Vl~\llill fl,!'U 1il~t11-rrBlJc;'lm?l~1.:j bl'U'U"il1c;'lm'Vll\lfl11lJA~ llc;'l~i.'I~l\l bb'U'U~lc;'lB.:j.f11fl (agent­
" 

ba sed modeL) .f11CJ1vi'm€l'Ubl'U1~~"lJB.:j bb'U'U~l~B\lb~€l'UfiA~ bbc;'l~'<il~t111tJ1offb.rJB f111b~(J'U~b~B.:j f111 
" " 

11,:] blC.JtJf111~~ fl11'Vl~y.jCJ1m511lJ'lj1~B ~1.:jijfi1'U~1lJI'lB1tJ 

http:B.'vi11.:jC.Jl
http:Iilln1I1t.i1
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\?l\l~'U 'j1Cl\l1'UOU'UGUJ'U'jru"lJ€1\1\11'\i)~CltJ~ 1 if dJ'Ufl1'j'l11b~'Ua~G'lfl1'jPifl~1'V11\11il1'UikHal
" 

lliluri fl1'jbtJ~Cl'UbbtJG1\1~1G1:a1.f)1i"l b Vlua~'U~'U Pi'mJ.f)1i"lfl1'j~~61~51Vlfl1{'Ua'U1'U:JJ1G'l:a1il1i"l b Vlua , 
~'U~'UbbG1~fl1'jbtJ~Cl'UbbtJG1\1tJ~:JJ1ruB'U'V1~CllVl"1'U~'U"lJa\l'j~'U'UiJb1 ~'thmlVl1'U~ih~\?l'Ufl1'j'j'Ufn'U~- , 

.r .1.'1 1OJ 

r---------I 'VlUVlu1~~fI 'lJ f---------, 

tl.L1V~"1 'l.Ul'U 

'r/U?~EliJif 1 .J7U?~EliJif 2 

n11flnt:11VJ1-JUl'Jf1 n11flnt?nVJ1-JLF1'it:1~1i1J-i-JRU 
d.J 

m 'i L tJ~VlJLLtJ~~lJl~~lJ11ViLVluaYrlJ~lJllJYrlJ~~iim'i'iunllJ ~tJLLuum'i1itJ'i~LV'lJU'l1 f1'1'l1Vi!J1f1'iU1UJ 

~ ~ .... 4.J'""" 
m 'i"~ "lJii1~fl1'iUalJ ~lJlJ'l ~'lllfl1ViLVllJaVilJ~lJ f1'i~U1lJm'i~~~lJ1'lL'fl11ith~LV'lJU 

m'iLtJ~VlJl.LtJ,,~tfilJ1ru8lJ"vt1v1Vl~llJ~lJ ~ii~llJL~En'fltl~num'ilitJ'i~Lv'llULL~::f11'i~Vlm'i'l'l~Viv1f1'iU1UJ 

fl~1~LL'U\J,h"a~'I'I~Il1~ (agent-based model) 
q a J '.... . .

Vl1lJl.LlJlf1~LLUU\J1~tl~LVi/)l.J~fI~ (companion modelling) 

t 

.n1'W~ 1. ma'U bb 'U1'V11\1m'jPifl~11~Cl1~1CJ1.ffbb'U'U~1G'1€1\1b~a'UFiAVlb~a~\lb~~~Pi'fltJil1i"l'lJa\l"l1~"l1'U" , 
Yfa\l~'U 1'Um'j11\1bb(;.J'Um'j~Vlfl1'j'V1-ri"lCJ1mthhJbbG'l~-W'U5~"l1€1~1\1~\I~'U ('j~Cl~nG'l1Pifl~1 2 tJ) , 

2. ~61m~'Vl'u'tJa\lfl1~':i'Und'lJ~'lJ~tl1bb61~fl11~~1b U'lJ t'lJfl1~An~n 

m))'U fn'U (disturbance) VI~1Cl~\I fl)~'U1'Ufl1)"lJa\l"J~'U'UiiL1~~'Vh1~)~'U'UiiL1~~fll'J 
btJ~CJ'UbbtJG1\1a\ll'ltJ'j~na'U Lfl'j\l61~\~ UG1~m'jvl1\11'UhJIiJ1m~~a~1\1b~'U-UVl LVlCJ ~1bVlVl"lJa\l f11'j'j'IJ fn'U, 
bfi\1l1iJ1n5d'j~"l11?f b'l1'U f11db~a'U1Vli.1-W\l'V1G'l1CJ"lJa\l~'U 1Ylth~bfiVlIiJ1flVhc.h G1~i"l1Cl, bbG'l~'\.hvh:JJ dJ'Uvl'U 

bbG1~fl1dm~vl1"lJa\l~'U~E1 b'l1'U fl1'jI?i'Vlvi'Ul~ bbG1~fl1'jm\ltJ1b~avl1v1':lVIru1b~Cl\l?(Vl1 (Barnes et aL.,, , ... 
1 .... )1997; White and Jentsch, 2001; "ll~a'U f11'jVlb'UB"J ml~flru~, 2549 

~d1mru fl"l1b~U (2553) llil~1bb'Unfl1'j'j'Um'U~'U~thVl1m~\?l'Ufl11~'j'Ubb'j\l "lJ'U1Vl bbG1~, ... 
'j~CJ~b1G'l1mdd'Ufn'U \?l\lU 
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1) 	 ~1bb'UflI1l1:IJ)~v1'IJfl11:IJ1'Ubb)\l (intensity) 

1.1) 1'Ubb)\lUeltJ (light intensity) A8 m))'Um'Uvft:IJ1J1iJt:.J(lvl8 Lfl)\li?f{1\l 

~'U!1'U"U8\l)~'IJ'IJ b'li'U m)~:IJ"U8\l1'i''U1ml1qJ 'Vh1~dlVl'li8\l11\l1:wW:IJ (gap) 

1.2) 1'Ubb)\lU1'Uflfl1\l (moderate intensity) A8 fl1))'Um'U~iJt:.J(lvi8Lfl)\li?f{1\l 
"U8-:J)~'IJ'IJ bbI1l1:IJ1J1ijt:.J(lvi8~'U L'li'U fll';jv1VlU1Lb~')U(lfll'i''UllJ LVltJ1aJijfl1)'Vj~tl'VltJ1~'U. 	 ~ 

1.3) 1'Ubb)-:J:IJ1fl (severe intensity) A8 fl1))'Um'U~iJt:.J(lvi8~-:JLfl)-:Ji?f{1-:Jbb(l~ 
~'U L 'li'U LL~'U~'U()ci:IJ f)1)'V11fl1tJU1LVltJ1-U)tlLb'Yl)flLI1l8f1() 

2) 	 ~1bb'UflLVltJ"u'U1Vl (size) 

2.1) "U'U1Vlbilfl (small) A8 fl1))'Um'U~~\lfl\lij)~'IJ'lJikH"111l1:IJ5)):IJ'll1~~8m8'U 
'U~b1ru~'U8~ LLm~ ~\lijB'Yl5'Vj (lLVl tJ III )\lvi8 fl1)~'Uv11"U8\l~'U~~() fl)'U m'U 

'II 	 'II 

2.2) "U'U1VlU1'Uflfl1\l (intermediate) A8 m))'Um'Uvh~'U'UiJm'111l1:IJ5)):IJ'll1~ 
mlvh-:J88 fl1 U LL(l~1:IJ1J1ijt:.J(lLVltJm-:Jvi8fl1)~'Uv11"U8-:J~'U'vi~'U bbvi~\lij~11l1~i?f1:1J1)()

~ 

bi1:IJ1iji.'11'U~1:IJ1'Ufl1)~'Uv11"U8-:J~'UmJ1 
2.3) "U'U1Vlll1qJ (large) A8 fl1))'Um'UmaJi?f1:IJ1)()1-U)~'U'UiJL1PlI1l1:IJ5)):IJ'll1~ 
LL(l~~11l11'Ufl1)'li1 tJ~'Uv11 1J1Lbvim Pi'tJ(l:IJ'Vl~8i}'iJ~tJ'Yl1\l m tJ.fl1'Vj~'U"1 

3) 	 ~1Lb'UtlLVltJ)~tJ~Llfl1tl1))'Um'U (duration) 

3.1) )~tJ~L1fl1tl1))'Um'U~'U (short duration) f18 fl1))'Um'U~LilVl~'UbL~1 
'VltJVlVl'UVlVl'U1Vl LL~1~'U~~'Ui?f1:1J1)()~'Uv111J1V1'UVl L'li'U fl1)LnVl'Vj1tJ, , 
3.2) )~tJ~Llfl1m))'Um'UtJ1'Uflm\l (intermediate duration) A8 tl1))'Um'U 

~dlVl~'U8ci1\lvim~8\l1'U)~tJ~L1(l1wct\l bLviL~8m))'Um'U,r'Ul1tJVl(l-:J ni?f1:IJ1)()"iJ~L~:IJ, 
~'Uv111J1V1'UVl L'li'U fl1)'V111~L~8'U(l8mL'U'Um\lLb(l~br.J1 
3.3) )~tJ~L1fl1tl1))'Um'UtJ11'U1'U (long-term duration) A8 fl1))'Um'UViIil~ij 

t:.J~fl)~'Yl'Uvim~8\lltJcn1'U1'U bblJfl1))'Um'U~'UIil~~'Ui?fVl1UbL~1nI1l1:IJ L'li'U tl1)b~tJ\l, 
~11l1~1'Ul'U:IJ1fl Ln'U1tJ (overgrazing) ~\l'V111~~'UBVlv11LL'tl'U J1;:IJ~1'U(l-:J1 tJ1J1cnfl 

m)LnVl fl1)vr\l'Ylfl1tJ"UeN~'U 'V111~fl1)~'Uv11 bnVl~'U1J1tJ1fl:IJ1fl 

8ci1\l1 )nI1l1:IJfl1))'UflJ'U 1 'U)~'U'UilL1Plu11lJ"U8-:Ju)~L'YlPl1'YltJ LnVllil1fl nlil fl)):IJ"U8-:J:IJ'U~6LtJ'U, 
i.'11'U1'VIru ~-:J1J1ijfl1)bi1:IJ1vr-:J)fl)1fl1'U~'U~8ci1\lU8tJ 7 ,000 U:IJ1LL~1 ~'U~u1"u'U1Vll'Vlru~LnVlI1l1:IJ 

~ 	 ~ 

5)):IJ'll1~LL'Yl'UIil~1aJ'Vl(l\lb'VI~81~Li1'U~flvieJ1tJ LLlJLLviu1'U'U~'U~i?f\lnV11:IJ fl1))'UflJ'U~'Vj'U:lJ1fl~i?fVl1'U 
~ , 

ij"iJ"iJU'U AeJ fl1)LIilI1l'U1IilVllv-ILt:.J1U1 ~\ll'1f:IJeJ'U fl1~VlL'UeJ~ LL~~flru~ (2549) vi'1fl1)cl'1)11il~'U~U11'U, 	 , 
mflL'VlUeJ 'Vj'Ul1fll1{mm~ 80 "UeJ\l~'U~U1ij'Vl~mj1'UtJ-:J;ffl1~1'Ufl1)()fl1vl Lt:.J1:IJ11~'U1'U 

~ 	 'II 

"" ... .'1 1" 	 • I ' ~....Id 	 ~. I
b:IJeJ)~'U'U'UnPl u1 :IJ()fl)'U m'Ulil~ LflVl fl1)L umJ'ULL u~\l'Vlm tJ8tJ1-:Jm:IJ:lJ1'Yl-:JeJ\lfl u)~ fleJ'U 

~ 

(composition) Lfl)\li?f{1\l (structure) Lb~~fl1)vi'1\l1'U (function) ~\ld:ff'U8~fl'Ui?f.fl1'Vj~\lL~:IJ"UeJ\l 
c: ~'U~Lb~~)tJbL'U'U"UeJ\lfl1))'Um'U (Dale et al., 2001; 1'1f:IJ8'U fl1~Vlb'U8~ bb(l~flru~, 2549) LVlmtJ'Vj1~

~ 

eJci1\lri\lm~:a1m'Vj L'VlUeJ~'U~'ULb~~fl11:IJi?f1:1J1)()1'Ufl1)i?f~i?f:IJ51~fl1~'U eJ'U"U8\l)~'U'UiJL ') Plu11JJ~'U 'l 
('VN~itJ ~1)\lL )"iJ'I11 \9lJ'U1, 2547) 'UeJfl"iJ 1fl.Q~-:Jij fl1)Pi fl~1"UeJ\l,:rfl1'YltJ1 Pl1 i?f11l~'VlmtJ'Vh'U L~tJ1 fl'U 

t:-J~fl)~'Yl'U"UeJ\lfl1))'Um'U~'U~U1 L'li'U Orodho and Trlica (1990) 1J1'Vhfl1)~m~1t:-J~m~'Yl'U"UeJ\l 
f)1 )'Vh~\l'Vl ~1b~tJ\l ~11l1vim ~ 8-:J LtJ'U)~ tJ~L 1 ~1tJ11'U1'Uvi eJ:lJ1~:a1.fl1'Vj"UeJ \l Oryzopsis hymenoides 

http:L~8'U(l8mL'U'Um\lLb(l~br.J1


5 

VI~a 	Indian ricegrass 'V'l'U11nT)tJ~atJG1m1~n'UVlrYl't.l~~lJlru~eJtJ"~ 90 '!Ja'l~'U~~m~a'ldJ'U 
~~tJ~nmtJ11'Ul'U v111~lJ1,,6/i1m'V'l'!JeJ\lvi\lVlrul"~"\ln11~mm~ 50 Castro and Kauffman (1998) , ... 

1~vhm~Pim~1~..mm~'Vl'U'!JeJ\l1'V'lth~alf1~\I~-r1\1'!Ja\l~~'U'U-unI"11'U Brazilian Cerrado ~\I Lu'U~'U~~ii 
Fn1lJ~m~a'lti'U'!JeJ'I~'1V1tYl (grasslands) th~'1 (savannas) LL"~U1~hJL'!J\?I-reJ'U (evergreen 

tropical woodlands) 'V'l'lJ111yJU1Vl11~lJr,lfl6/i1.fl1'V'lLVl'ua~'U~'U1'U~'1V1tY1LL"~1'Uth~'1"~"'1-reJtJ,,~ 
92 bb"~ 84 \?I1lJ"1c;lU LL"~I"1.f1-r\?l,J a1d1UJ ... (2548) 1Jl'Vhn1dpjm~1tJ"m~'Vl'U'!JeJ'I1yJU1~eJn1~, 
LtJ~ tJ'UbbtJ"'1lJ1,,"1i1.fl1'V'l'!Ja'l~'1tJ nf1"lJ~'U'U~Ll ru~'UC~hU1 (l'1lYl'll fla1hj bL"~ bl"1~'ill fl~'Il) 'V'l'U11, 
VI~'1~lf1myJUlbn~;ff'U tJ~lJ1rulJ1"~1m'V'l'!JeJ'I~'1tJflf1"lJ~'U'U~L1ru~'U~1U1"~"'1tJ~~lJ1ru 3.6 ~'U~eJ, 

L®'f1bL\?I{ VI~alJ1f1f111-ratJ"~ 90 '!Ja'ltJ~mru~iieJ~L~lJ 


" a~1'11)n\?l1lJLL~11~~iin1~)'Und'U Ln~~'U LL~ ~~U'UijL11"1~1lJ1dt)tJ-r'U~1 LL"djn1~vrw,J'Ul1~ 
f1~'U~'U~~m'V'ltJn~VI~a~1m~t)1~tJ"tJ~\?I (goods) u"~'U~f11~ (services) c;l'lL~lJ1~~ltJn~~'U1'Uf11~ 

'Vl~LL'Vl'U\?IllJ5~~lJ'Ill~ (ecological succession) c;l'l,r'U~~'U'U-UL11"1~~1lJ1dt)~'U~.f11'V'l1JlL~1 ~alJ 
~llJl~tl1~tJ~~ltJ'!J,J~l'1 6") ~aG1'1f1lJlJ'U'I.'f~~eJ1tJ ~'1df11)Pin'l.'fl~1'Un1~~'U'V'l~.f11'V'lU1V1~'1f11)~Um'U 

I. 	 " 

LL"~m~Pin'l.'fl~1'U n1~LtJ~ tJ'ULL'\J"\lm"~1.f11'V'lLVl'ua~'U~'Ua~1'1~m~a'l1'UtJ~~L'Vll"1v'Iii-umJ c;l'l,r'U~'1 
m ~ii m~Pin'l.'fli:i'ln1~LtJ~ tJ'UbL'\J""~'U~U1V1~"n1~~'Und'U L~a1 VI'1Jl-rralJ"alVi-ru 1 offf11~n1~ruf11~ 

" 
LtJ~tJ'ULLtJ""'!Ja,,~ .f11'V'lU1V1~eJP(n tJ.f11'V'l1'U f11~1~tJ"tJ ~\?ILL" ~'U~n1~'!Ja'ld~UU-UL11"1 \?I" a~~'U1offLU'U 

-rralJ"tJ)~neJUf11~11'1LLtJ'U f11~~~fl1~'Vl-r'V'l tJ1 mUl1mJla~1"LVllJl ~~lJ 
" m~Pin'l.'flf1~'1d 1JlL~eJm~'UuijLlI"1U1tJ~lJtJ~~1'U (mixed-deciduous forest) ~t)mum'U

" 
~1tJn~m~lJ~1'1 '1 '!Ja'llJ'4'1.'f~ ;"~~U'U-ULlI"1UltJ~lJtJ~~1ud ii~'U~tJ~~lJ1ru~atJ"~ 60 '!JeJ"~'U~Ul 
1~~"VllJ~'!Ja'l'lh~L'Vl1"11'VltJ (~eJn-rn lJl~eJ~ LL"~~ViI"1 ~~8'U'Vl{ 2552) LLm~ii~ii~1'UL~m-rra"VI"1tJ 
~lm-rrl1tJ1offtJ~~ltJ'Il,J~lflUl~'11'U~tJ'!JeJ'ILda1~LL"~tJ"tJ~\?I5'U '1 ~1lJ"l 'libdeJ1~ ~'1,r'Un1~Pin'l.'f1f11~ 
L'\J~ tJ'ULL'\J""'!Ja,,~'U~ultJ~lJtJ~~1U~"iif1l1lJ~1LU'U LL"~ m~Pin'l.'flf1~"d 1Jl1.offlJ1,,~h.fll'V'lLVl'ueJ~'U~'U 
Lu'U1'11~1~m~LtJ~ tJ'U LLtJ""'!JeJ'I~'U~Ul 1~ tJ'W~ 1~ rul11~'U~Ul~ii f11d~Und'ULn~~'U ~1lJ1~tlL~lJ'V'l'U 

" 
m"~1m'V'l1~mn-uatJL~tJ'I1~ Vl1niim,,6/i1.f11'V'lL~lJ~'U~"~1f1'!J'Ul~LL"~~1'U1'Uv1'U1~ n~~LL~~,,1~ 
Li1'U11~~U'U-UL1I"1iiYrw,J'U 1n1~1'U'Vl1'1~~~'U ~'1~lm ~tl1i-rreJlJ"c;l'l n~11tJ~~ f1mjn1~11"bLtJ'Un1~

" 
~~f11~LL"~1itJ~~ltJ'Il,J~1nul1mJla~1'1LVlm~~lJ 

1~'l'lh~~~fl"lJtI~lfl'a~n1'a• 
(tJ~ 	1) 

1. 	 Pif1'1.'flfl1~LtJ~ tJ'U LLtJ"'I lJ1,,6/i1.f11'V'l LVI-UeJ~'U~'ULL,,~f1f1tJ.flly/1'Un1~~~~lJ51\?1,m{ua'U 

1'Um"~1.f11y/LVI-UeJ~'U~'U1'U~'U~UltJ~~1U~lJJ1~amhhviih~c;lUf11~~um'ULL\?In~1'1ti'U 
.. 2. 	 Pin'l.'flfl1~LtJ~ tJ'U LLtJ"'18'U'Vl~tJl\?It),1'U~'U1'U~~~UltJ~~1U~lJJ1~eJtJJT11~~ii~~c;lU, md~Um'U 



• • 
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ciTU~ 1 ~fl~ltl1<Ht1~UUbb'lJ~'1lJ1~:a'Hn'VH'VIij'flvr'tJ~hJbb~~B'tJVl~crr(Jl(11'tJ~'tJ1'tJvr'tJ~thc.J~~, 
1'Ucil.nl1ci'fl EJth11~jjfl1 EJ bb~~'ltlbb'U'U fl1 'l'l'U fld'tJ~ bbVl fl 1111 'I n'tJ b yj'fl'lJ 'l~ bij'tJ~fl EJin~'lJ 'fl'l 'l~'U'U'Ub 1 1"l1'tJ. . " 
Lif'fl \l ~'tJ lvw jji'tJVl 'fl 'tJfl1 'l ~1 L ij'tJ fl1 'l ~'1d 

11'1 bL 'lJ~'1bn'Uvl1e:Jcil'11'tJvr'tJ~Pifl'l~n 'lJ'tJl~ 40x40 Vl'i.lJ. 1 'tJ~'tJ~~jj'l~~'U fl1'l'l'Ufld'tJ~ 
bbVlflI1l1\ln'tJ 4 'l~~'U 'l~vl'U~~ 3 bL'lJ~\l 'l1l.J'Vr'li'tJ 12 1L'lJ~'1 lvWfl1~EJ'U'fllJ~~'tJ~l'tJ"iJlfl 

,- . ~ ~ 

'11'tJl~EJtl'fl'tJ'VIl!11v)EJ~'1~iEJ ~1'l'lL'l"iJ'l11w.J'tJl (2547) ~'1~'tJ~~(1mUfld'tJ (In~~ 3) jj 
v " 01 ... 01 

'llEJ~~Le:JCJ~~\l'tJ 

~'tJ~Qm'Ufld'tJU'flm.J1fl (very low disturbed area; VU b'U'tJ~'tJ~~ri'fl'tJoUl'1 
fl'lMn~th6'l'llJ'll19i jj DBH 'VImEJ'lJ'tJ1v) bLI1l"iJ~jj~'tJ1l!'lJ'tJ1v) 1 Vlf.1!1'tJi!1~ci1'tJ~ 
lJ1 fl fli liff'tJ~~jj fl1 'l 'l'U fld'tJ l!e:J EJ 1V)EJ ~~LtJ'tJ~'tJ~th~ ri 'fl'tJoUl'1 (flJU'lcl 

" Jt ..J 1.1 ~ J' cJ..J~ 
~'tJVl(1m'Ufld'tJ'tJ'fltJ (low disturbed area; U L'iJ'tJ~'tJVlVllJ DBH 'VImEJ'lJ'tJl~ 

" 
bLI1l rJ'1~'U ~ 'l 'lru1l!'lJtJ 11'11 'VI ru1 'Wi!11'1 ci 1 tJ ri e:J'tJoU1 '1U'fl EJ ~ \l"iJ ~~w.JtJ 111..1 L U 'tJth., 

(f:U'U'lrul1l'fl11..1 
" 

~'tJ~(1mUfldtJtlltJflm'l (medium disturbed area; M) LU'tJ~'tJ~~jjfl1'lvlI'11l!
" 

'fl'fl fl"iJlfliff'tJ~ LLl1lhjjj fl1'l'Vll fl1'l Lfl~m~'lU fld'tJ ~'tJ jj tl1 'l'Vlv) LL Vl'tJ'lJ'fl'l'lh bnl'1~'tJ 
lJ1fl fliliff'tJ~'Vl'lVlrul lv)CJjj~'l'lrul,j''lJtJl~ L~ fl m~"iJl EJfl'l'flUfl~:u~tJ~ci1'tJ1'VIru 

, V' ,,, 

~'tJ~Qm'UfldtJlJ1fl (high disturbed area; H) btJ'tJiff'tJ~th~~flbtl~EJ'tJlt1Lu'tJ 
~'tJ~t1~floUl11~I'1LL~~51~(f'lb~'fltJ ~.I"l. 25221I'1EJjj'ltlLb'Uufl1'l1-tl~~'tJ~1EJtl1'l 

" " 
vlI'11,j''fl'fl fl"iJlfl~'tJ~ "iJlm1'tJvllfl1'lLc.Jl LL~~1-tl'l(1 Lb 'Vl'lfl LVl'flfltl~ 'l1'tJtI-rU'VIl!1~'tJ 
LLrK1~'1L~:utl~ floUl11~1'11 'tJ L~ 'fl'tJ~tl~.fllfl:ufi'l mfl~lfl:U 'VI~'1"iJl fl fl1'l Lnu L~EJ1 
c.J~(:,J~(Jl"iJ~jjtl1'lli'l(11(1vllfl1'l1(1fl~U~'tJ-Ul11~v)bbrK1t1~ fl51~i.'I'IBfltl'l~lJ1ru 3­

" 
4 L~'fl'tJ 'VI~'1"iJl fl,r'tJLfl1jVl'lm"iJ~t1ci'fl EJ~'tJm11~jj'VIrul~'tJtI flfl~:UIiJ'tJm~~\lLoUlci.,. " 
L~'fl'tJiJ(1'tJ1EJtJ 1iJ~'Vhfl1'll(1 fl~'UB flfl#'1LL~~ L~lJ'lJ~floUl11~I'1Bflfl#'1 ~'tJ~d(1fl1i 

, "" 
vllfl1'lbfl~mLtJ'tJ'l~CJ~b1mtl'l~:Ulru 10 tJ lv)tJ(1fl~'1~l'1~'1bLl1ltJ 'W.I"l. 2532 

" 
liJiJfi\lu"iJ"iJu'tJ ('W.I"l. 2554) ~'1AI'1LU'tJ'l~EJ~fl1'lVlI'1LL'Vl'tJ 22 tJ lv)EJjjYl'll(Jl'l~fl~, . '. ~ 

'VI~1 LL~~'W'l'lrull!~'tJ~'tJ'lJ'tJl~L~ flb-UllJ1fl'le:J'Ufl'l'fl'l~'tJ~ iff'tJ~t1'l~ b.fl'Vld l~LLtl 
~iJ~vl'l'VIrul LL~~l'Hl\l~jjfl1'l'Vll'1bb'Vl'tJv11EJ'Vl'lVlrul 

, " , 11.1 

vll fll 'lu'tJVi flVi n~'lJ'fl'l LL t1~ 'I Pi fl~l..Jf'l 4 :U:U'lJ 'fl'l LLI1l~ ~ LL t1~ '111'1 EJ1i Lfl~ 'fl'l 'l~UVi nl'1'Vll'1 


JJiJl"ll(f(Jl{ (Global Positioning System; GPS) 


vllfl1'll~'lJ'tJlI'1L~'tJcJl'tJI"l'tJcJfl~l'1'l~vlU'flfl (Diameter at breast height: DBH) Vl~'fl~ 

" 'l~~'Uml:U(f'l 1.30 L:umLVlij'fl~'tJ~'tJ 'lJ'fl'll,j'~'tJ~'tJ~jj'lJ'tJll'1~'1LLI1l 4.5 L"/ltJ9iL:U(Jl'l~tJhJ 

" 

http:iJlm1'tJvllfl1'lLc.Jl
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vl1f11';ir11'Ulru~f1~ru~Vl1.:)ihll"l1'VlmU1.:)tl';i~nl'~ vi'l'Ulf1';i.:)a~l.:)t'hL~~~d-ll~~lm~ \9l\l.Q 

elVl';i1611'U-.sl'Ul'U~1~'U~mh'Ul'U~'U1~ ~.:)lVltJ~11tlvnniJ fl1';il'lVl~'U1mVltJbVI~B 
VlB11 ~'Ul~ald-ll';im~~q)L&iulVl~B1tl1vi'vi'ltJf11';iLLVln~1~'U1VllJ vll1~~'U1~U1\l 

~'UiJ ~1~ 'U L ili1J;fl'U -.s1'Ul'U1J1 n ~.:)1'U~'U~ ~iJ';i~\9lU n 1 ';i';iU nl 'ULLVl n ~ 1,:) n'U 
v 

elVl';i1611'Ui1~~iJA1~~Vln~1.:)n'Uvi'ltJ (Oumrongrojw.atthana, Gajaseni and 

Popan, 2009) 

f1111JVI'Ul~LU'U'llB':)~'U1~ (tree density) ~L~~f1111JVI'U1~~u'U'llm~l~'U (stem 

density) ~U'U Al~UaVl\li.i\lm11JLvl'U1'Uvi'l'U-.sl'Ul'U'llB.:)~'U51~L~~ ~~'I1iJVl~BVlUl tJ 
" . ' .,. "" 

~'U'Vl 

m~~l.fll~LVltiB~'U~'U (aboveground biomass: AGB) 'llB.:)~'U1~ lVltJ1i 

a1Jfl1';i~LB~lm1JVl~ (allometric equation) 'llB\l Ogawa et ai. (1965) ~.:)dJ'U 
a1Jf11';iffiitl';i~~iJ'Um~~lm~'llB':)Ul[:.J~Vl1U \9l\lad-lf11';i 

0.0396 (02H) 0.93261Jl~~1.fl1~'llB\l~\l (Ws) n1!;ln-r1J 

m~~1.fll~'llB\ln1'U (Wb) = 0.003487 (dH/027 n1~n-r1J 

1Jl~~1.fll~'llB.:)1u (Wl) 1I[(28.0/(Ws+Wb))+O.025] nl!;ln-r1J 

n1~n-r1J 

L~B 0 fiB f1111JmlL!K'U~l'ul"l'U6nm':)';i~\9lUBf1 (L"Il'U&iLd-lVl';i) LL~~ 
" 

H fiB m11JtWlJB.:)~'U1~ (~1Jm)
" 't.h~ LiJ'U~f1 tJJl1~f11';ia~a1JD1Vl,fI1-:lUB'U 1 'U1Jl~~lJl1'V'j ~VI'UB~'U~'U (carbon 

sequestration: CS) lVltJiJA1~BtJ~~ 50 'llB\lm~~lJl1'V'jLVltiB~'U&)'U (Brown 

and Lugo, 1982) 

~nUl'llB~1':)&)'U~lmL~~~LLtJ~.:)lVltJ1i15fl1';i composite sampling (~~i16 1JBq)~~~q) 

L~~~'I1~Vlvl ?I':)l'UVl-r~tJ1m, 2544) L~tl~.:)~~ 3 l'llB~l':)
" 

vl1f11';ilLfI';il~~tl~lJ1ruB'U'Vl~tJ1Vlt;l1'U&)'U lVltJ d-l1vllf11';i 1VlL'Vl';iVl (titration) Vll1J15nl'J, 
'lJB\l Walkley-Black (~~i16 1JBq)L~~q)LL~~\l~Vlvl tNl'U'Vl-r~tJ1m, 2544) 

611'U~ 3 Ltl~tJUL VitJUfl1'JL tJ~ tJ'ULLtJ~.:)m~~l.fll~LVltiB~'U~'ULL~~~ntJ.fll~fl1'ja~?ld-lD1\Jj 
fn1uB'U 1 'U~'U~f1111um'U1~\9lU~1':) i 'j~·vd1.:)tI~vl1fl11Pin~lnUfl1'jPif1~11 'Uti 'V'j.l"l. 2547 LL!;l~'Vh 
f11'jLtJ~tJULVitJutJ~1J1ruB'U'Vl~tJ1Vlt;l1'U&)'U1~vd1\ltl~vllf111Pin~lnu f11';iPin~l L~B 7 tI~~1'U1J1, 
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~\J~;lm~1LtJ\J'j~uuiAL1f'1tJ1~a~tU'j~~U~1 (lowland deciduous forest) ~.:m~"l\JL~\J1 
~1JJ1~~tJJ111 ~hu~1l1~th\J rJ1Ulm1tJ-3a1 ~-3l11~th\J ;7\J~tJ1'lJ'j~f1~U~1tJGl-3f'11J~'!1~~tJ 2 Gl-3f'11J 

't~LLn Gl-3f'11JtJ1~a1J~a~1'\.Jl1~m.hL'\.Jty~Yf'f'HU (mixed-deciduous forest) LL~~Gl~f'llJtJ1L~-3~~ (dry­
... '" !II" , '1 J' ..,j 1" '. 1 ' • 'I Gdipterocarp forest) 1J'Yi\J~L1JL~\JL\J'Vi\J'Yl \1ILLf1u'j~l!lu1 Pterocorpus mocrocorpus, L\J1 \1 

Shoreo obtuse, ~-3 Shoreo siomensis, 'Vi~1-3 Dipterocorpus tubercuiotus, LL~~L~tJ-3 

Dipterocorpus obtusifolius 

... 
€J . mJ~i'11 

.1 ~ 
LW1.I1"J1 
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• I ".... I .,I... .... .,I I.... 0 • I .....,j. I 
lJ.u"'.:JLmJ~1€lm.:J'VIlJ'St~um'S'SunTU'VIIJ.~n~n~n'U\l1'U1'U 12 lJ.u"'.:) 1J.r;1~.:)~.:jfl1"'v\ 3 LLu"'.:) 

~1€l~1~L""fi1;imt\l1eJtI~"t'U~'IJ~~1'IJ1Ji1':) '1 "UtI,:)N'U'he.l~~lU~'VI1':)~~1"'.:)mrulJ'V111v\EJ1~tJ~IJ."'€l~ 
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t:.JG'lf\1)Pim~lbbti':lbtJ'U 3 61Tu 61Tubb)ml1b~'UBt:.JG'lf\1)Pifl'l~lb~fJ1n'Utfl).:J~~\:rlht~fJ~lttJ 
611'U~~B.:Jthb~'Um~m n'U f\1) b'\.J~ fJ'Ubb UG'l.:J:IJ1G'l;a1Jll'Y'lbVliiB~'U~'UbbG'l~'\.J~lJ1UJ51~fll'~'UB'U~~~lJl 'U, 
lJl G'l;GlJllYl bVl'U B~'U~'U bbG'l ~611 'U~~llJt11 b~'Um~ fJl nu fll) bU~ fJ'U bL'\.JG'l.:J B'U'Vl~ fJ1~ fll 'U ~'Ub~B)~U'U, 
Ub l!"ftht:.J~~1Uijf\1),Vl~LL'V1'UmlJ5))lJ"ll1~iL tJ'UL1m'\.J)~lJ1UJ~B.:J'V1!"f,)))~ a1V11Uf\1)LU~fJ'UbVifJ'U 

-nBlJG'lf\1)bU~CJ'ULLUG'l.:J~fl~ru~L;U.:JmlJ1UJlvi1-tlt:.JG'lf\1)p\fl~l"llB.:J'Y'l.:J~ifJ ~1).:Jt ):UtJ11PlJ'Ul (2547)
" 

1.1. Bml611'U:ill'U1'UE;\'1~'U~B:ill'U1'Uvl'Ul~ 

t:.JG'lf\1)al)1:U1~~'U~'U~ijfl11lJfJ11L~'U~1'U!"f'U~flm.:J)~~'UBfl~.:JbL~ 4.5 b61l'U&i blJ~)~'U1 U 'Y'l'U 
" 

vl'UllJvr.:Ji'U 2,957 vl'U ij:ill'U1'UE;\'lvl'Uvr.:JVllJ~ 3,221 E;\'lvl'U LbG'l~Bm1611'U~1'U1'UE;\'lvl'Ul'lB~1'U1'U 
vl'U1lJA~btJ'U 1.09 : 1.00 t~fJ~1bb'UflmlJ)~~'Uf\1))'Um'Ul'l1.:J'l1~~.:J~1)1.:J~ 1 

al'Vl1'U-nBlJG'll'Uti 'Y'l .!"f. 2547 'Y'ltJvl'Ul~~.:Ji'U 2,040 vl'U ij:ill'U1'UE;\'lvl'U~.:J'VllJ~ 2,175 vl'U 
" 

bbG'l~Bml61')'U:ill'U')'UE;\'lvl'U~B:ill'U1'Uvl'UllJA~btJ'U 1.07 : 1.00 t~fJ:illLb'UflmlJ)~~'Uf\1))tJm'Ul'll.:J 'l 

l~~.:Jm)l.:J~ 1 

m';i1.:JVi 1. 	 :ill'U,)'Uvl'Ul~ ~1'U1'UE;\'lvl'U bbG'l~B~<n61')'U:ill'U')·'UE;\'lvl'Ul'leJ~1'U1'Uvl'UllJ L'\.J~fJ'ULVifJtJ 

)~'Vdl.:JtI 'Y'l.!"f. 2554 bbG'l~ 'Y'l.!"f. 2547 :illbb'UflmlJ)~~tJfl1))'Um'U 

~'U~ ,j1'U1'U~'U1~ 


n1'a'a'Un1'U (umull1{) 2547 2554 2547 2554 2547 2554 

UBEllnn (VL) (n=3) 0.48 653 806 707 247 1.08 : 1.00 1.09 : 1.00 
r_----------~------_r----+---_,r_--_+----~-

umJ (L) (n=3) 0.48 535 820 557 1,224 1.04 : 1.00 1.06 : 1.00 
r_----------~------_r----+---_,r_--_+~--~-

th'umn:i (M) (n=3) 0.48 795 1,136 840 868 1.06 : 1.00 1.08 : 1.00 
r_----------~------_r----+-~--r_--_+----~-

~'ULL1.:J (H) (n=3) 0.48 57 195 71 882 1.25 : 1.00 1.30: 1.00 

:Ulflm)l.:J~ 1 Lb~~.:J1~b~'Ull~~61')'U:ill'U1'Uvl'Ubbm~:ill'U1'UE;\'lvl'UhjLb~ fl~l.:J:Ulm~lJlJ1fl,rfl 
~.:Jlffl1~llbtJ'Ut:.!G'llJ1:Ulflfll'~hli1fl1))um'Ubn~~'U)~'Vlll.:JtI 'Y'l.!"f. 2547 fi.:J 'Vt!"f.2554 bLG'l~~~~l'UVi 
b~lJ~'U b~ fl'IJBfJB1:U btJ'Ut:.! G'llJl:Ul fl fll )ijvl'UllJ'lJ'Ul~ b~ fl~ b&itJt~ bb'lllJl 'U~'U~ ~.:J vl'UllJ'lJ'U 1~ b~ fl 

t~mU'Y'll~vl'UbVlijB~ lJfli1:ill'U1'UE;\'lvl'UlJ1flfl r,h 1 E;\'lvl'U bbG'l~btJ'U~'U51~LDflt11 ~.:J'Vhl~~~~l'U:ill'Ul'U 

E;\'lvl'U~eJ:ill'U1'Uvl'U1m'U~'U~~i1f\1))U flJ'U)'Ubb).:Jij:ill'U,)'U b ~lJ~'U ' , 

1.2. fI11lJ'Vl'UlbLtl'U"lleJ.:Jvl'UllJbbG'l ~fl11lJ'Vl'Ulbbtl'U'lJ B.:JE;\'lvl'U 

b~eJt11:ill'U,)'Uvl'UhYbbG'l ~:ill'Ul'UE;\'lvl'U~.:J 'VllJ~lJ1f11'U,)UJ'Vllf11 fI11lJ'Vl'Ul bL ti'U'lJeJ.:lvl'UllJLbG'l::: 
t 0 J,I I d I I V '" I" 	 0 '" '" I

fI11lJ'Vl'U1LL'U'U'lJB.:Jm~'U 'Y'l'Ul1lJfllL'V11fl'U 1,540.10 ~'U~eJwmL~) LbG'l::: 1,677.60 m~'U~'U~mem 

LL~i t~fJ:illLL'Ufl~llJ)~~'Ufl1))'UflJ'Ul'll.:J'll~~.:J~l)l.:J~ 2 
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"lJru~~o[m.Jl:'llutJ VU'!. 2547 WU11f1d1lJVI'U1bbl..h.J'lJe:l'l~'U\lJU,l:'l ~fld1lJVI'U1bb,j'U'lJe:l'lci'1~Ujjrh
\I 

b'vl1n'U 1,062.50 ~u\9im~mb\P1{ bbl:'l~ 1,132.81 ci'1v1'U\9im~mb\P1{ bVlCl"ii'1bb'Un\P11lJ1~~'Ufn11'UflTU 

\9i1'111Jl~'1\P1111'1~ 2 

~1~1.:J~ 2. 	 fI11lJVI'U1bb,j'U'lJv'l~'U1:W'Ul:'l~fll11.JVI'U1bb'th.l'IJe:l'lci'1~u btJ~ClUbViClU1~Vl11'1tJ 'Vl.I'l. 2554 

bbl:'l~ 'Vl .I'l. 2547 "ii'1LL'Ufl\P111.J';j~~Ufl1~1'Ufl'J'U 

R11lJVI'U1LL'lhl'tltl{l~'U1l! 
. . .,

R11lJVI'U1LL'U'U'UtI{l!;l1{;l'U 

(~'U,jtILi1mL~~) (rN1~'U9itILUflLL{;l~) 

2547 2554 2547 2554 

UmJlJlfl (VL) (n=3) 1,360.42±516.16 1,679.17±485.35 1,472.92±556.54 1,837.50±488.58 

umJ (L) (n=3) 1,114.58±166.11 1,708.33±169.71 1,160.42±218.33 1,808.33±132.63 

tJ1'umn-:J (M) (n=3) 1,656.25±378.16 2,366.67±120.60 1,750.00±398.68 2,550.00±137.93 

~'lJLL'j.:J (H) (n=3) 118.75±43.75 406.25±161.66 147.92±40.67 527.08±173.36 

~1fl\P1111'1~ 2 ~~b-H'UlJll1fldll.JVI'Ul bb ,j'U'lJe:l'l~'U1:W'bbl:'l~fld1lJVI'U1bb,j'U'lJe:l'l(;\'l~'Ubb\P1 fl\9il'1n'U 

1'UbL\9iG'l~"a~~U m"a"au mu b~m~Cl'l\P111.J(;\'1~U~1 fll.J 1 flltJ1Je:lCl fie:l ~u~~~ tnUm'UtJl'Ufll:'l1'1jjfi11;"1'1
\I 	 \I 

~1;"1~ "av'll:'l'llJ1fie:l~'U~~~fl"aum'UUvClbLl:'l~~U~~~fl"a'Um'UUe:lCllJ1fljjfil1mlb~Cl'ln'U bbl:'l~~U~~~fl , "'\I 	 \I 

"aUfl'J'U1'ULb"a'ljjfi1~1~I;"1Vl LLl:'l~Ldml1o[e:llJl:'l~1 fl(111"a1'1~ 2 lJ11 Lfl"al~~fldllJVI'U1bL,j'U'lJe:l'l~U1:W'LLl:'l~ 
, , 	 \I 

fI11lJ'VI't.I1LL,j'U'lJv'l(;\'l~'U~LtJ~E.J'ULbtJl:'l'lltJ ~~1~o[m.Jl:'l~'1(111"al'1~ 3 
. 	 \I 

~1~1.:JVi 3. 	 fI11lJ'VI't.I1Lb,j'U'lJe:l'l~'t.I1:W' LLl:'l~fll1lJVI'U1Lb,j'U'lJv'l(;\'l~'U~LtJ~Cl't.lLLtJl:'l'lltJ1'U'lil'1"a~Cl~LlG'll 

7 tJ ('Vl.I'l. 2547 (1'1 'Vl.I'l . 2554) "ii'lLL'Ufl(111lJ"a~~'Um"a"aum't.l 

fl1,),)Ufl1'U 

U€JEJlJlfl (VL) (n=3) 318.75 23.43 364.58 24.75 


U€JEJ (L) (n=3) 593.75 52.27 647.91 55.83 


th'Umn.:J (M) (n=3) 710.42 42.89 800.00 45.71 


'j'lJLm (H) (n=3) 287.50 242.11 379.16 256.33 


~lfle.Jl:'lm"aPim'11b~e:l'lB(11"al~1't.1"ii'1'Ul'U(;\'1~'U\9ie:l"ii'1't.11'U~'U1:W' bbl:'l~fldllJVI't.Il LL ,jU'IJ v'l~'t.IliJ 
bbG'l~fI11lJVI't.Il Lb ,j't.l'IJv'lci'l~U ~~ b-H'U1~11 "ii'lUl'U~'U1:W'LLG'l~"ii'1't.11'Uci'1~'UL~lJlJ1fl~'U~lfl1UV~\P1 ~'1e.Jl:'l 
1~fld1lJVI'Ulbb,jU'lJv'l~'t.I1:W'LLl:'l~fld1lJVI'U1 bb ,j'U'lJe:l'l(;\'l~UL ~lJl;"1'1~'t.I LLl.'1Vl'l111~U'UiJ L 1 I'lthmlVl1U 

\I 

1't.Im1Pim'11fl~'1dcJ'IjjPlflWllW1't.1 m"a L~~ruL~U bl'1mJ LdvVi~l"arulBml~1't.1"ii'1'Ul't.1(;\'1~'U \9i v"ii'1't.11'U 
U \I 

~'t.Ilm't.lLL\9il:'l~"a~~um1';jum't.l 'VlUl1jjfi11mi'L~E.J'In't.l LLI;"1~'11~Li1ullLdmlmc.h't.l1tJ 7 tJ ('Vl.I'l . 2547 

- V'l.I'l. 2554) bm'll;"1{l'1'IJv'lthcJ'Ifl'ljj~fl't'1ru~1fllKL~E.J'In't.l 

http:bbG'l~fI11lJVI't.Il
http:bbl:'l~fldllJVI't.Il
http:1,132.81
http:1,062.50
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" 
1.3. "li1'1iu"UU1Vlbc;1Uehul"lu~mn'l)::vl'U8n (size class) 

1l 

b~m-UUf11)m1~?l8'Um tJ"U8'1'th1UbbLJ~'I\9l1881'1 ~'I~~1)ru1)LJbb'U'U f11)m::"iJ1 tJ'lJ8'1 size, ~ 

class 1'11:W'IJU1Vl"U8'1~U111 1VltJLJn~ bb~1~U1l1~ii'IJU1Vlbc;1ueJ1U~'U~nm'l)::vl'U8m~n "iJ::ii m ~tf8 tJ ~'I 
"iJ::b"iJ~ru b~'U11'1 b-UU1l1'IJ'U1Vl1V1ru~81LJ vl'l,TU)::'U'UUb11"1th1l1~ii81tJtf8 tJ "iJ::W'U1l1"Uu1Vlb~ml1U1Uu u , 

mn LL~::)::'U'UUL11"1thll1~rlm'UmU"iJ1nf11)\9lVl1l1 "iJ::W'U1l1"U'U1Vl b~n 1 UG1Vl~1u~:U1nni11l1'IJu1Vl 
~ 

1V1qJ V1~8W'U1mU'U1\1 size class V11tJ1LJ L~8\1"iJ1nf11)\9lVl1l1bL'U'Ub~8n"U'U1Vl ('W\I~itJ vl1)\1 h"iJU 

1\1lJU1, 2547) 1VltJ[:.JG'lf11)~Vl"ii1LLun size class vl\lLL?lVl\l1UI'11)1'l~ 4 

m~1.:j~ 4. "li1'l.ffU'lJU1Vlbc;1UeJ1UI"IU~nm\l)::~'U8fl (size class) 'lJ8'1~u1l1 )::w:I1\1U 'W.I"I. 2554 
" 

n'Uu 'W.I"I. 25471VltJ"ii1bb'Un~1m::vl'Ufl1J)'Umu 

". (
'tJ'Ulf1L~'U~l'UfI'U~ml1'1 

'U 
uvEn.l1n (VL) uv~ (L) 'lhuml1'1 (M) ';i'ULL';i'I (H) 

~::~uvn (L'Il'U~L1J~';i) 2547 2554 2547 2554 2547 2554 2547 2554 

4.5-15.0 508 685 417 643 753 1005 47 174 

15.1-25.0 128 188 101 142 31 122 7 15 

25.1-35.0 16 27 15 30 7 4 3 5 

35.1-45.0 1 6 2 4 3 4" 0 1 

45.1-55.0 0 0 0 1 0 0 0 0 

55.1-65.0 0 0 0 0 1 1 0 0 

"iJ1nm)1\1'V1 
.,l 

4 bL?I Vl \11~L~'Ui1f11J)'Umu1U)::~'U~LL~ fl~1\1nuii[:.J~~8f11)L"iJ~qjb~u11'1'IJ8'l 

)::UUUb1I"1th111 ~'l~"iJ1Jtlnil1fl"ii1u1u~u1mULb~~:: size class 'lJ8\1LL~~::)::~ufl1))umuiiaVl~1u 
~Lbl'1fl~1\1nU 1VltJ~u~~tlflJumutfvtJ:IJ1fl ffilJ'lJU1VlL~fl\~:W~U 177 ~U ({vtJ~:: 34.84) LL~::ml1 
'lJu1~1V1rub~:W;UU 5 ~u 

~ 

1U'lJru::~~U~~tlflJ'UmU:IJ1fl ii1l1'IJU1~L~m~:w~u 127 ~U ({vtJ~::
., " 

270.21) llJ"Uu1Vl1V1rub~:W~U 1 ~U mh1fiv~u~~rlmUmUtl8tJ "iJ::iifl1)b"iJ~rub~'U1~'lJ8\11l1'IJu1~
u " ., 

L~fl1ua~~1U~~11'U'lJru::~~U~~tlmumU:IJ1fl f11)b"iJ~ru b~U1~'lJv\lll1"Uu1Vl b~ n"iJ::d1~~U1'Ua~~1U 
" u 

~"\lfll1:W1n b~v\l"iJ1fl~U~~tlflJ'Um'Utf8tJm fl ?lJl1WtJ1A8U-U1\18Vl:W?l:WU)ru ffil1"UU1Vl1V1ruv8b'iJu
\I '\I , \I .... \I 

,)1U1U:IJ1fl ~\lvh1~bb?l\l mVi~ ~~8'l eJ1UG'l\l:W1~\I~UtJ11ULJ~:W1ru~"ii1 n~ 1l1'IJ'U1Vl b~ fl ~\Ih]"1:1J1)tl 

b"iJ~rub~U11'11~ 1U'lJru~~~u~~tlmUmu:W1fl llJ'lJu1~1 V1rutlfllKVlvvfl1 LJ"iJ1n~U~"iJUbnvuV1:W~ vh1~ 
U \I U\I 

Lb"\l81ViI'1~~8'leJ1U~'l:lJ1~\I~utJ11~ 1l1"U'U1Vlb~fl~\I"1:W1)m"iJ~qj b~U1~1~~ LbG'l:: b~8~"iJ1)ru1 size 

class "li1\1 25.0-35.0 b"11U~b:w~)1u~u~~tlm'Ufl1uLJ1uflm\l 'W'Ul1~1u1u~u1l1G'lVl~\I ?l1m~81"iJ 
~ , 

bn~"iJ1flfl1)'UflJm-u11LJ1-uLJ)::1tJ'lJu1u~u~, , 

1 Vi\lm~ vil'l'lh\Jll1w.J'Ul (2547) l~~lLL'Ufl'lh~LflVl'!ltl\l~'UhJ(;lll.J'!l'Ul~'!lv\l size class 11 3 tl':i~LflVl AV 1.1lJ' 

'1J'Ul(j)L~fl (size class 4.5- 15.0 em) 2 . 1lJ''!J'Ul~fl''1.:J (size class 15.0-35.0 em) LL"~ 3 . 1lJ''!J'Ul~1'-l'li (size 

class> 35.0 em) 

u 
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2.1 . nT~LtJ~~'ULbtJ".:Jm,,'i11.fl1'V'lb'VIi1v~'U~'U 

lJl,,'i11I11'V'lb'VIi1v~'U~'U~1mbtJ,,~Fim~1~'l'VIlJ~~~btJ'U 114.01 ~'U ~~bijv~~Lu~~~1n~'U~ 
Fimn~.:J'VIlJ~ 1.92 b~mb~{ 'V'ltr:i1ijfh 59.38 l'l'Uvim~mb~{ cil'U-ilvlJ"l'U1J 'V'l.Pl . 2547 iilJl,,'i11I11'V'l 

... 	 " 
b'VIi1vTI'U~'U~~btJ'U 77.23 1'l'U'VI~v 40.23 l'l'Uvim~mb~{ t~mhbL'Un~1lJ1~~'Un111'Um'Uvi1.:J11~~'l 

.J 
~111Wl 5 

~1'a1,:j~ 5. 	 m,,'i11.fl1'V'lb'VIi1v~'U~'U1~'VI'-J1~1J 'V'l.Pl. 2554 tl'U1J 'V'l.Pl. 254 7 Lb,,~tJ~lJ1rum,,'i11.fl1'V'l 
L'VIi1v~'U~'U~LtJ~tJ'UbbtJ".:J1tJ t~~~1bb'Un~1lJ1~~'Um11'Um'U 

~1~~1n1~L~Uv~U~U 

(~ulfimemLL~{) 

2547 2554 
~--------------~-----------4-----------+----

U€lCllJlfl (VU (n=3) 59.19±8.05 85.73±3.57 26.54 44.84 
~--------------~-----------4-----------+----

U€lEJ (L) (n=3) 48.99±1O.58 72.68±9.91 23.69 48.36 
~--------------~-----------4-----------+----

thUflm.:J (M) (n=3) 46.47±17.28 62.83±7.03 16.36 35.21 
~--------------~-----------4-----------+----

ltiLm (H) (n=3) 6.24±3.02 16.29±2.66 10.05 161.06 

~UlfimemLL~{ 

a1'V1~'Um1~::~lJ61V1A1{'Uv'Ul'Um,,'i11.fl1'V'lb'VIi1v~'U~'U ~~~~btJ'U~vm~~ 50 'llV'lm,,'i11I11'V'l, 
b'VIUv~'U~'U (Brown and Lugo, 1982) Y-I'U11fl11~~~lJ61I'lfl1{'Uv'U1'UbbtJ".:J~mj·1~.:j'VIlJ~~~btJ'U 
57.01 vi''U'VI~v 29.69 ~'Uvim~mb~{ cil'U-oeJlJ"l'U1J 'V'l.Pl. 2547 iin11~::6'llJ61~f11{'UeJ'U~~btJ'U" 	 , 
38.62 ~'U'VI~r:J 20.12 ~'Uvim~mb~{ t~~~1bb'Un~1lJ)::~'Ufl111'Um'Uvi1.:j11v1~'lm)1.:j~ 6 

~1'a1,:j~ 6. 	 fl11~::6'llJ61~fl1{'UeJ'UlulJ":m'i11.fl1'V'lb'VIi1eJ~'U~'U ((S) btJ~~'UbVitJ'U):;'VI11.:J1J 'V'l .Pl. 2554, 
bb":: 'V'l. Pl. 254 7 bL"~n1)6'I::6'llJ61~f11{'Ue:J'U1'UlJl,,'i11.fl1'V'lb'VIi1eJ~'U~'U'vibtJ~~'UbbtJ".:J1tJ, 

cs 
(~Ufl1{'U€ltllfimvmL~{) 

" ~ I ~ 
2547 2554 ~tlfl1'i'UvU{i\mvmL~'l 

~----------------+---------~--------+-------
44.84U€l81nfl (VU (n=3) 29.60±4.03 42.87±1.78 13.27 

~----------------+---------~--------+-------
48.36UtltJ (U (n=3) 24.50±5.29 36.34±4.96 11.85 

~----------------+---------~--------+-------
'lhtln~l.:J (M) (n=3) 23.23±8.64 31.41±3.51 8.18 35.21 
~----------------+---------~--------+-------

161.061t1LL'l'l (H) (n=3) 3.12±1.51 8.15±1.33 5.03 

, .., ..... . 
bb!?l nvi1~tl'Uiit,mvieJ fl1J b YilJW'U'll e:J~mn'i11.fl1Wb'VI'U eJ~'U ~'U TI'U Vi Vi tl nJ'U m 'Ui!e:J ~lJ1 nlJl,,'i11 I11W b'VIU eJ 

" " 

http:8.15�1.33
http:3.12�1.51
http:31.41�3.51
http:23.23�8.64
http:36.34�4.96
http:24.50�5.29
http:42.87�1.78
http:29.60�4.03
http:16.29�2.66
http:6.24�3.02
http:62.83�7.03
http:46.47�17.28
http:72.68�9.91
http:48.99�1O.58
http:85.73�3.57
http:59.19�8.05
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~'U~'Ul~lI;ff'U 26.54 vl'Uvlmmm\pl'~ l'U"lHlJ~~~'U~~(ln".i'Um'U1'Ull1\1l~1I;ff'Ul~(J\I 10.05 vl'Uvlemm" , 
lll'l{ vY\ldl ~eWi11 fll 'U~'U~~(l fl)'Um'U-uew1l1flihJ~1I1ruvl'U1~~\ll~1I111 flfll1l'U~'U~~(l fl1'U flJ'U 

" 	 " 
1'Ull1 \I U~1I1ru1l1 ~';lill'V'll'III-Utl~'U~'U~\ll~lI;ff'UG'f\l flll lllPi l~tl-W~11rulf111l~1I;ff'U'lJ tl\l1l1~';1 ill'V'l , 	 " 
L'IIIiitl~'U~'UdJ'U-rmm~ 'V'l'Ulll'U~'U~~(lfl'.i'U fl1'U-Utl (JlIl fll1rll-rtl(J~~ 44.84 ll~~1'U~'U~~(lm'U flTU 

" 	 " 1'Ull1\1l1rll-rtl(J~~ 161.06 ~\lllG'f~\ll~lii'Ullll~11U~1I1ru1l1~';lill'V'llVI-Utl~'U~'U1'U~'U~~t;1fl'.i'Um'U , 	 " 
-Utl(JlIlm~lI;ff'UG'f\lflll llvlei'mlfl11l~1I;ff'U~lfllll'U~'U~~t;1fl'.i'U m'U1'Ull1\1 ~lfl-Utlllmj'l\1vl'UllG'f~\ll~ 

\J 	 '\J " '\J 

lii'Ull~'U~~t;1m'Um'UlIlfl1~(J fl11vl~1~eJeJ fl~l fl~'U~G'fl1111t;1 n mn'U 511'l rn{'Utl'U1m'Uei'1'l11~G'f\l fll1 
" 	 '" ~'U~~t;1fl'.i'Um'UtJtl(J (Newell and Stavins, 2000) ~\lG'fl1111t;1'111-UeJlI~-rrl\1vl'UhJU1~CJflI'l1-&1'U\lTU" 	 " ,

~1'U fl11~~ fl111.:hl~ L~ ml1vltl\l fl11l~1IP(fl (J ill'V'll 'U fl11~ ~U~1I1ru n l'IJfl1{'Utl'U l~eJeJ fl1"1!1il~1 fl.ff'U 

'U11(Jlfl1f!'lJtl\l1~'U'UihIf'l'lh1~ ~~vltl\ll1fl11vl~v1'U1~tltl fllU1-UU1~L(J"1I'U1'U1U lb'U'UvhlJu~~ucitlCJ nl'IJ 
" 

fll{'Utl'U1~tltlfl1'IJlilfl~'U?i.ff'U'U11mfl1f! l"li'U fl11'111ldtl1lliUvlllyJeJ{ill~tl{ dJ'Uvl'U ('l1\1-tl(J 1~(J~
" 

UqJ'lJl. 2546; 'Ul!l'1~l JJij~l'U\lfi, 2547) 

'Utlfl~l fldl~tlvllfl11lU~(J'U lVi(J'U fl11G'f~G'f1l51I'lfll{'Utl'U1'UlIl~';lill'V'll'III-utl~'U~'Un'U1~'U'U, 
ilnf!tJ1C.J~~1'U'Ul\1ll~\ll'UU1~ l'Vlf!1VI(J (m11\1~ 7) 'V'l'Ullfl11G'f~G'f1l51IPlfll{'Utl'U1'UlIl~;glm'V'llVI-Utl, 
~'U~'U'lJtl\ltJ1C.J~~1'UcillJl~tl mhrliiP1fl(Jill'V'l~ (29. 69 lPi''Ufll{'Utl'UlPim~mllPl{) 1~(JiirlllmllA(J\ln'U, 
1'U1~'U'Uijllf!tJlb 'U ru~'V'l11rull~~tJll~\I-r\ll'Utl'Vl CJl'U ll1A\I"1Il~~eW B'U'Vl'U'Uvl ~\I'III1~l;g(J\llVllJ (24.82 

~ , 
ll~~ 29.02 vl'Ufll{'Utl'Uvlm®"mllPl{ IPlll1Gfl~'U) ~\ltlCJ1'UillfllVliitl'lJtl\lU1~l'Vlf!1Y1m"li'Un'U ("1IlIrJ 'Uru 

'V 	 'V ,,'U 

1eJ~fl~'U ll~~G'ffll1 Vi~'UVifl, 2551) lllPil~mU~CJ'U lViCJ'Un'UtJll'Uru~'V'l11ruU~lIilm'Utl'Vlm'Ull1A\I"1Il~ 
U ciS", 

lln\lfl'.i~~l'U ~\I'III1~l'V'l"1l1'U~ (G'f'U5(Jl ~lUlil~ ll~~tT'UYI'Ul fl"1llG'fU, 2547) 'V'l'UllP(fl(Jill'V'lfl11G'f~G'f1l, 
51I'lfll{'Ufl'U1'UlIl~';l ill'V'llVliitl~'U~'U1'Ufl'Vl, (Jl'U ll1A \I "11 1 ~ lUl\lfl'.i~~ l'U (250.24 vl'Ufl1{'Utl'Uvlm®"fl, 
lblPl{) G'f\lfllll'UcillJl~fl(JJ111(i\l 8.43 lvb vY\ldl~tl\l~lfl':hu~lIilijltJ'Uth~\llii~~'UL~(J51111"111~

\I " 	 ~ '\J 

ll~~1lJlfl(Jt;1m'Um'U~lflfl111Pi'~v1'Ul~tlflfllU~lfl~'U~1I1ntl'U v1'U1ifG'fl1111m~~rul~'ULI'l1~tl~l\1l~1I~
" 	 '" 

m'al.:lVi 7. 	 1I1~;glm'V'llVl-Utl~'U~'U (AGB) lb~~fl11G'f~G'f1l511Plfl1{'Utl'U1'UlIl~';lill'V'lm-Utl~'U~'U 
(CS) 1'Ufl11~fl~lflf\ldbU~(J'U bVi (J'U n'U1~'U'UijbIf!tJ1C.J~~Ul'Ul\1 bb~\I'lJtl\lU1~ b'Vlf!1'Vl(J 

AGB CS (~'Ufn{utl'U 

(~'UliimeJnLLII1{) ~meJmbll1{) 

59.38 29.69 

188.70 94.35 1lL1Yl8 bLG1'Utb~LG1~ru, 2552 
~ 	 u 

ul1iJrllLfltl~'1AlJ ~ . VliJtl.:JA1EJ 

U1L'UqJ~Yfm1J 49.63 24.82 'lllJYl uru'HWlf1«'U LLtl~G1fl1~ Yi~'UYin, 2551 
~ • u 

58.03 29.02 tlYlEJ1iJLL"'.:J'lll~l'ItlEJBiJYliJiJl'1 ~ . LiiEJ'I1VllJ. 	 , 
96.28 48.14 ~~11iJ'vl1h~f1tlYlf'fYl5, ~547. . 

U1Yltl'll!-Jl1JiJ ~.f11qJ~'U'-l~ 

U1L~'1-r.:J 

500.48 250.24 G1'U1Wl ~lthiJtl LLtl~,riJYliJl A'llLG1U, 2547 

158.68 79.34 tlYlEJ1'ULL"'.:J'lll~LLrl.:Jm~~l'U ~.LVi'll~U~. . 
186.88 93.44 
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~lnfl1)'fll'U1rutl~:lJlruB'U'Yl~~rrVl~lu~h.r'iJlntl~lJlru~h..l'Yl~tJfl1{'Um..l (organic carbon) ~ 
)~vl'Ufl11lJ~n 20 "lJlJ . 'VI'tJ'·htl~:lJlruB'U'Yl~tJll'lflijrilL1l~ClaCl1'U·!h~~e)tJ!;l~ 2.12 ± 0.42 (~'U~~ijfl1), " 
)'Un1'U)'ULL)\l) ()\l 3.55 ± 0.25 (~'U~~flf1)''Um'UifatJ:lJln) LL!;l~'VI'U111'U'Ylnvt'U~i1tl~mru, " , 
B'U'Yl~Cll(Olfll'U~h..lL~:IJ:fflJL~mtl~Cl'ULVitJ'Utl'Uoffa:IJ~llJU 'VI.I"!. 254 7 LvlCJi1)ltJ~~LatJ~vl\lVll),l\l~ 8 , " 

~l",~'UvtlJ~~ijf11'H~:IJ:ff'U'U a\ltl~:lJlruB 'U'Vl~1(Olfla\l~a~fiavtlJ~~ij f11))'U m'U),lJLL) \l ~\l , " , , 
'l11~~LtJ'Ue.J~:IJ1~lnfl1),~IPl'Ul~L~~~L&i'ULVllJln:ff'U ij fl1)~\l1'ULL~~Ln~ f11)~atJa~lCl'IJa\l LI"!~ln1'U1~ 
v11Cl m~'U1'Uf11wh\l '1 L"li'U f11)tlVlLL'Yl~'lJa\ltl~ln tl)~na'Utl'U~'U~l1LtJ'U~'U~LtJ~Lci\l vh1VlL1m 

n~1\lfi'Uijfl11:IJ~lJa\l;l\lm~~\le.J~1Vlf11)~am'1mml"!'l'J"lJlmn~:ff'U1v1L~1 lJe:Jn~l ntT'U f11)Ln~1YlU1El\l 
" 

m~LtJ'UalL"'Vl"'~\l~vh1Vi'LI"!~ln1'Ul~fln~e:JCla~ lCl LL!;l~Ln~f11)Ltl~ tJ'Uutl~\lLtJ'UB'U'Yl~tJ1Vlfllv1mh\l 
~ 
'" , 

)l~L)l 

'Uru~vi1'U~'U~~)'U n1'UuaCllJln LL~~ )'UmlJuatJijtl~mruBlJ'Yl~tJll'lflL~:IJ:fflJ L"li'U tl'ULL~~a\l , " 
n11vt'U~)'Um'Utll'Unm\l fll~';h'l11~~ijalLVlVl"'~mJl~lnf11'j~IPl'U1m'U~'U~LL'!ti\ll1ij~1'U1'UlJln cl'1, 
lPl'Uij'U'Ul~l",qjLL~~ij fl1)~\ll 'U1'Utl~:lJlrumn LLvial'l)lfl1'j~e)CJa(ll tJI'l1:IJ5)):IJ'U1 &lm~~~offl n11vt'U~~ 
ij)~vl'Unl))'U n1'U),'ULL) 'I L ~a\l~ InLe:JnlaLnVllYlulij~ln11 ;l\l~\lt:.J!;llVlnl), Ltl~tJ'U LL tl!;l\ltl~lJlru, 

" .. 
B'U'Yl~Cll(Ol flijifmJf111'rl 'UViVi ij fl1),)'U nd'U)lJ LL), 'I, , 

m3J1ru~hJVI'iEJ191~ (%)
'" d 

'j::flum'j'iUn1'U m'iLtl"EJ'U LLtl,,~
2547 2554 ., 

uvEllnn (VL) (n=3) 3.24 ± 1.75 3.55 ± 0.25 +0.31 


umJ (L) (n=3) 2.62 ± 0.57 3.11 ± 0.25 +0.49 


'lh1.Jmn\l (M) (n=3) 3.14 ± 1.00 3.29 ± 0.21 +0.15 


~'UU 'i\l (H) (n=3) 1.40 ± 0.41 2.12 ± 0.42 +0.72 


B'U'Yl~CllVlfl1'U ~'Ui1tl)~LCl'Uuvi B~'U",mCltl)~fl1) L~tJ"li1 tJtl~'Utl),\lalJ1:r&l'Yll\l f11 Clfll'V1 LL!;l~Lflij, , 
'lJB\l~'U1VI~:ff'U ~\lEl'11 offLtJ'Uvl'lJtJ~l~ fl11:IJa~:lJa:IJ'U 'jru'Ua\l~lJanv11 Cl (aVl I"! n f"lB'U'Yl{ 2542),,, "d.J 

B'U'Yl~Cll(Olfll'U~'ULn~~lnfl1), e.JYI\l f111am~J\9i'1'IJa\l'/jlnB'U'Yl~~'lJlJl~1Vlru ;\lf111~vtlJ~thLL '!ti\ll1ij 

tl~:IJ1ruB'U~~CJ1Vlfli1L~:IJ:lJln~'U "'~\l~lnf11)'~vt'U~ijn11~lJafll'V1 L~lJ L&l"mtJ'UL1m 7 U ,r'U~ln, 
n11~m~lfl#\lnalJ"'Ul1lJtJ 'VI. fl. 2547 LLa~\llVlL~'U11ijf11)L~~qjL&l'ULI'l'IJB'IIPl'Ul~mn:ff'U ijf11)~l\l 
",ci'U'UB\l1'U1:Um:IJ1!]-.ilm'lJB"ult:.J~~1 u LL!;l~ij~\lij;g1Vlvil\l '1 L~m1l'VI1~tlmn L'ihmij'U'Yl'Ul'Vl1'Unl'l 

I'" tI C '" 
ammfl'l'J'!nnvl\lncil1 Vll1Vltl~:IJ1ruBlJ'Yl~CJ1Vlfl,L~:IJ:U'U vl\l,r'U;l\lallJl),flm:hl1~11)~'U'UDL1 I"! LL'!ti\ltJij 

f111Y1\ilJ'Ul1tJ1'U'Vifl'Yll\l~~:ff'U LL(l~mntlciaCJ1VI)~'UuDL1I"!ijf11)~lJ~lVlllJ5)),:IJ'Ul&lviB1tlfl1~11'l11~~ 
1Vle.Ji.lt:.J~(Olvil\l '1 via 1 tll~LtJ'UB~l"~ 
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f111Pi m~n fl11LtJ~ Cl'tAbbtJ~\l:W1 ~;1Jl1Yl bVI,j8-«'W ~'W bb~~;(fl ClJl1Yl f111?f~?f:W511Plfl1 {iJ 8'W bb~:::, 
fl11btJ~Cl'WbbtJfl\ltJ~:W1ruBUVl~ClllPltl1U~'W LtJ'W\l1'W1~m~Cl:::~ 1 'lffi\lbfl1\lf111f1111ibbiJiJ~lfl8\lbvi8'W, 
fi~Vlbvim=1\l b?f~:W;(flClJl1Yl"1J8\1"1J:W"1J'WYf8\l~'W 1'Wf11111\ltbCJ'W f111~Vl fl11Vl-SYlCJ1 mth1~bb~:::~'W6Yl"1J8Vl\l", , 
~\l~'W ~\lih~Cl:::bd~1~lLij'Wf111 2 tJ 

CJ~ fll1Pi fl'I~lVl1\1ij bdf'llVl Cl1.QVI11-MVl11iJl 11~iJiJij bd f'ltJ 1 CJ~Vl1 iJ~i1 fl11VlVl bb Vl'W btJ'Wb1~1 
tJ1~:W1ru 22 tJ cJ\lfl\li1;(flClJl1Yl1'Wfl11vhmj'1~LniJt1flti1'IJrl1{iJ8'W1Vl88fl1'IJ~\l1fli'WiJ11Cl1fl1f'1 LVlCl 

~\lbflIPl1Ii1\11flfl11b~iJLIPl~L~:w;ff'W 1'W-«'W~tJ1~i11~~iJf1111iJm'WLLIPl flI?i1\lt1'W1tJ bL~:::YliJl1-«'W~~i1fl11 
1Ufld'W1'WLL1\1 19l'W1~i1fl11b~iJLlPleJV1'l11VlL ~11'W-Ul'lbd~l 7 tJ~~l'W:IJ1 iJ1'l-«'W~i1;(flCl.fl1Ylfl11?f~?f:W, 
51 IPlI'l1{UeJ'WL~:W?l\lt;1'l~eJCl~~ 161 ~\lfl11i1fl11eJ'W-rm~-«,.J~tJ1 LL vI\l.QLvi8tJ1~LCl"1J'Wl'Wvl1'Wfll1?f:::?f:W,,, , 
511Plfl1 {iJeJ'W1Vl8 8 fl1'IJvl\ll fli'WiJ11 CJ1 f11f'1 Lvi eJtJ1~LCl"1JU1 'W fl11~ Vl L~fl~8'W1?i81 tJ "1Jru~~tJ~:Wlru, 
B'WVl~CllVlt:l1'W~'W YlU:hi1f111 L tJ~Cl'WLLtJ~\l~~H1'W ~'ltJ~:W1ru~'WVl~Cll1Plt:lLtJ'W~"1J.Q:fflVlfl11:W8Vl:W?l:WiJ1ru 

, " '\I 

"1J8'l1~UU-U b 1 f'ltJ 11mvl bb?fVl\l1Vlbi1ul 11~iJiJijbdf'l.Q1.hOJ~~WJ'W11tJ b tJ'Wth ?f:WiJ1ru~1-Mf.J ~ f.J~Vl bL~::: 
" 

U~fl11I?il'l 11vlbtJ'WeJV1'l~ 

611V1-riJ'l1'Wl~m~Cl~l?ieJ1tJ 1vlbbtifn~Pimnf1111itJ1~LCl'IJU\l1flVl-SYlCJ1fl1th1~ ~\l~ bu'Wb'cl'eJ1~ 
LL~~1:w1-UL-d'eJ1~"1J8'lbfl'!jVl1m~eJl;(Cl18iJ '1 tJ1f.J~Vl1iJbbvl'l.Q Lb~~-«'W~~11fllKbAE.J'l 1Pl~8~'OJ'Wlbfl11~v1 
1tJbbiJ'Uf111I'lVli1'W1\11'Wfl11bil1itJ1~LCJ'lJULb~~lbm1~~~i1c;11'Wb~E.J1ieJ\lt1iJfl11~Vlfl11Vl-SYlCJlmtJ11~
" " 
\11 fl,,!'W'OJ ~'l11i8:1j ~:W1?f ~1'l LbiJiJ~1~8'lVl1'lfl11:W~~ bb~ ~?f~1\1 bbiJiJ~1~8'lJl1A (a gent-based model) 

1'W1tJLb'U'U"1JeJ'l bfl:WLb(;l~?fm'Wfl11ru~1(;leJ\I (gaming and simuLation) 1Pl1:Wbb'W1Vl1\l"1J8\lbLiJiJ~l~eJ'l 
" 

b~eJ'Wfi~Vl (companion modeLlino) bb~~1i~1:wt1iJ~i1c;11'Wb~Cl1i8\l b~8c;1'lb?f~:wm~iJ1'Wfl11b~E.J'W~ 
" ~ 'U \J 

bb(;l:::b?f~:W?l~1\l;(flCJmYl1'Wfl11tJ-r'U1'l1 b~81Vl~Vlf111Vl-r'WCJ1mtJ11mvleJv1'l~\l~'W 

II "" LeJnfl1';ie:J1.:1eJ.:I 

~1U'W'Yl 51:::fl~~f'lVl~. 2547. PlflCJJl1'Wfl11?f:::61:W51IPlfll{iJ8'W1'W:W1~~1Jl1YlbVlU8-«'W~'W'lJm1~iJiJ 
, , 1 

ijbdf'1'lJ1VleJ'lm.flillVlCJ1-UYl'W6tJ~ruru1:W'VI1Uru~1Pl ?f1"1J1~1Pl11VlCJ1 flru:::1VlCl1f'11?f1Pl{
1) ,.." U 

~ ~ .... 
'OJVl1(;l\l fl1ru:W'VI11VlCl1(;l Cl., 

~11fl1ru fl'IJb?fU. 2553. -Ub1f'11VlCl1-«'W~1'W. ~:W~fl~'l~ 4. m\lbVlYl:W'VI1'Wfl1: 'U~,;rVl 1.Yl{uvi (1991)
~ , 

~lt1Vl. 

'1l:wYl 'Uru18Vlm1iJ bb~~?ffl11 V1~'WV1fl. 2551. Lfl1'l?f~1'lbb~~m~~1Jl1'WL'VIUeJ~'W~U'lJeJ'l;;1'lfl:WW'IJ" ,,, 
'U~b1ru~VlCJ1'WbbvI\l"1l1~~eJCJ~'WVlU'Wvl ~'l'VI1~b~CJ'l1Vll1. 1U b8fl?l11tJ1:::fleJiJfl11tJ1:::-q:WVl1\l 

1'IJ1fl11'UeJ'l:WVl11VlE.J1~mm~1Pl1f'11?f1Pl{ fl~\l~ 46: ?l1'U1?1miJIPlClm1:Wf'll?fIPl{Lb~~ 
Qo ~ ~ ~..:::. II IIQ..I 

If'llfl11lJf11?f1Pl1 ?l1"1J1Vl1YlCJ1m511:W'IJ1IPlbb~:::?f\lbbd~~8lJ. VI'W1 411-419. 29 :Wfl11fllJ - 1 
Q..I " .Qo Q.I .­

fllJm'W'W5 2551. fl1'lLVlYl:W'VI1Ufl1: :WVll1VlCJ1~mfl'!j\Pl1f'11?11Pl1 

'1l1~'lJ1E.J '511111ru. 2544. ~118'U-rm;bb(;l:::fl111itJ1dCl'IJU'OJ1fll9l'W~111'WthLVlCl'IJ:W'IJU'lJ1'1.J1.hi ~1'U~, , 
CJ1VleJ'l eJlb.fleJvhl'lt:.Jl ~,mlVl'Lh'W. lVlE.J1ijYl'W61~~iJtJ~t\!t\!1:WVllUru~1Pl ?l1'U1c;1'lb?l~:W 

fl11lfl't'fl'\1 :WVll1VlE.J1;;rm~CJ\l1Vll1. 

http:eJlb.fleJvhl'lt:.Jl
http:WthLVlCl'IJ:W'IJU'lJ1'1.J1.hi
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~\I-a'CJ l~m:uru"ln. 2546. fii1€Jfn'j"tl'j"~:!J1ruml.l~"l.fn'Vi"lJ€J\I'Vl:Wl~. m\lb'Vl'VilJ'Vl1'Ufl'j": mlleJ'VlCJ1'U 
u ~ ~" 

bbvi\l"lll~ i1l?llth bbl.l~~'U5Yl"ll .• 
161!lJeJ'U nT~l1lb'LleJ{ ~'UVl1 ~'Vl561'U'Vl'j" bbl.l~11m';i';iru eJ'U611'j"61'U'Vl'j". 2549. ~'Ul~bi1€J\1b'Vlii€J Ai1eJfim'n , , , \J 

1I'd! V 1 .'1 "" tl 1 ...- ~ 1'Vi'j"'H1J llCJ'lmU 'UulDlflb'Vl'UeJ ';i~l'V11"l 'VlCJ. 'WlJ'Vim.:J'Vlcl 4. m.:JL'Vl'Vill'Vll'Ufl'j": m\lm';i• 
~11l~llwflu1yJ . 

l1leJfl~fl lJl'j"eJl1l bLl.l~€JViI"l nllB'U'Vl{ 2552. 'Unl"ll'VlCJl'lhl~. fl'j"\lb'Vl'WlJ'Vl1'Um: e1f1~'j"61CJlllm';i~llw., ,6.J , 

'Ul fl 61 1111 DlJ~l'U\lfl. 2547. bL'Vlci\lnmnu fll61!L~eJ'Um::\l fl\JlflDlflth1~LLl.l:: fl\J m'j"lJfn'j"Ltl~CJ'U LL tll.l\l 
-:..J • " 

fn'j"1-utl'j"dCJ"ll,J~~'UD1CJ1~~5611'j"LnCJ1ll?l. 1'U LeJfl611)'lh::fl€JUfn)tl)~"lllJ fl1':iLtl~CJ'ULLtJl.l\l, 
61.fl1'ViillJeJ1fl1I"l'Vll.:J~1'Uth1~: th1~nufl1';ibtl~CJ'ULbtll.l.:J61.fl1VmlJenfnl"l. 16-17 ~\I'Vllf)lJ

'V 'U 

2547 ru b.:JLL';ilJlll)1CJ fl1iL~'U. fl';j.:JL'Vl'VilJ'Vl1'Um: mlJ€J'VlCJ1'ULLvi\l"lJl~ i1l?llth LLl.l~~'U5Yl"ll.., . 
'Vi\l~-a'CJ v11).:Jb\J,J111lJ'lJl . 2547. ~l.lm~'VlU"lJeJ\lfl1))'Ufl1'lJ~'lJ~thl'ieJB'lJ'Vl~CJ1I?lfl 511?leJ1'Vll)1'lJ~'lJ 

'1 '1 

bLl.l ~ fl1';i61 ~61lJ511?l flli'U eJ'lJ 'U~n rucillJl VeJ CJ'lh~'1 ~\I'Vl1l1l'Lh'lJ. 1'Vl CJ1'U 'W'lJ 5tl~ runn 
, i .., " 

..::., ~ .. Q..I .0::::...<::11 ~ 4'Cl>, ..::lI 

lleJruL\J';iru Lbl.l~ "ll\J(911?l 61.:J1'lJ'Vl)'ViCJ1fl';j. 2544. 15m)1bfl';il~'VlVl'lJ'Vll.:JLflll ChemicaL 
.... .... " 

• • .o::::tt. oQo,(.o::::.. Q..I.o:::J..::::. cu d 
Method of SOIL AnaLysIs. LeJn611';i'Vll\11"ll1fl1';in€J\l1Lfl';il~'VlVl'lJ fl)lJ'WI1lJ'lJl'VlVl'U tJ'U'U'VI 

112544. fl';j.:J L'Vl 'Vi "1: fl)~'Vl';i1.:JLn~l?l)bLl.l~61'Vlfl)ru .• 
ilL1'VlcJ LL61'lJtJ';i~L61~~. 2552. fl1)tl)~ LlJ'lJtl~:!J1 rufl1)61~61lJflli'U eJ'lJ"lJeJ\lth~'U bbil.:J bbl.l~thb~.:J~\I
" "" 

eJ1LileJi1.:JfllJ ~\I'Vl1Vl'Vl'lJ€J\Ifl1CJ. 1'VlCJ1'U'Vi'lJ5tJ~qJqJlll'VllUrusnl?l 611"lJ1L'Vlfll'lJll.l~fl1)U~Vll';i~.:J 
LL1VlileJll uru41l?ll'VlCJl61CJ ll'VnlVlCJ1~CJll~Vll.l. 

l"lil-rl?l,J ~1)1ru. 2548. B'VlB'Wl.l"lJeJ\llyJthl'ieJfl1)btl~CJ'UbLtll.l\llJ1l.l~1Dl'Vi"lJ€J\I~.:Jtlflfll.llJ~'lJ1 'lJthb 'Uru\J 
, " , u 

'W';i) rucilJJl Lb:Wf1l.l eJ\I ~\lVl1Vlmru\l'lJ'Ul1'lJ )1CJ\ll'lJ fl1)tJ )~"lllll"lll fl1) fl1':ibtJ~CJ'lJbbtJl.l\I61.fl1'W 
, U' , , 

1JlJenfl1I"l'Vll.:J~l'lJ'lh1~ "Plf1CJ.fl1'Vi"lJeJ\lth1m'lJfl1':i61iJ'U61~'lJ~5611)bnm11?l ". 'VlUl 351-364. 

4-5 ~\lVllfllJ 2548 ru b.:Jbb)lJ:!J1';i1CJ mib~'lJ. fl).:JLVl'VillVll'lJfl): fl)ll€J'VlCJ1'lJLLvi\l"lJl~, , 
i1l?llth bbl.l~~'lJ5Yl"ll .• 

~'lJ5CJ1 ~ltJl'Ul.l LLl.l~iJ'lJVl'lJl fl"llb61-U . 2547. m';itJ';i~blJ'lJfl1)Ln'Unnfll~'UeJ'lJ ~l.l~al?lbLl.l~m)VeJCJ 

61l.l1CJLl"lmlnYl"lll'lJ€J'VICJ1'lJLbvi.:J"lll~bbn\lm~\Jl'U tl';i~b 'Vl1"l1'VlCJ. 1'lJ LBfl611)tl)::fleJ'Ufl1)• 
'lh~"lJllfl1';ibtl~CJ'lJbLtll.l\l61Dl'WillJeJ1fl1Pl'Vll\1~l'lJ1.'h1~: thl~n'Ufl1)btl~CJ'lJbbtll.l.:J61.fl1'Vi 
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