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Project Title:Traditional Home Garden System in the Chao Phraya Basin:Ecological Rationalities 

Name of Investigators: Jiragorn Gajaseni, Nantana Gajaseni and Muang Koktung 

Year: December 1996 

Abstract 

The fundamental principle which influences agricultural and forestry practices is the 

"competition principle." This causes monoculture, protection, and eradication of enemies and 

competitors of the target species at any cost. Recent evidence and research indicate that even 

aged monoculture creates ecological and environmental impacts. The conclusion is that changing 

natural, tropical forest ecosystems to monocultural plantations, or afforestation in disturbed natural 

ecosystems using the abused term "reforestation," is not sustainable. Such ecosystem disturbances 

can be classified as medium intensity, large scale, and with long term impacts. Humans generally 

forget that diversity is the norm of nature. No place on the earth with a single species of plant or 

animal, or homogeneous landscape, can occur naturally or permanently exist. Ecosystems with 

diverse structures and compositions are the norm of the tropics. 

Conclusions from this study are that traditional home garden systems are mimics of natural 

ecosystems in the vicinity of tropical forests. The structural architecture, composition diversity, and 

nutrient cycles are imitated. The systems sustain daily basic life necessities to substitute gathering 

of natural products, the practice in the early development of human society. Thus home gardens 

are semi-natural man-made ecosystems. Even though home gardens need human management, 

such management based on very deep understanding regarding nature and the environment 

results in controlled and balanced homeostasis close to that of natural ecosystem models. 

The home garden system is one of the system which reflect the immense wisdom of 

traditional Thai culture, as well as the other cultures associated with home garden system. Even 

though socio-economic development policies use free market economy as a model, caused 

structural shifts in production systems from "work to feed" to "work to sell," the home garden 

system has resisted and survived those forces and is still associated with Thai society. Now, there 

is resistance against modern agricultural methods as causing problems and having unlikely 

sustainability. The home garden systems which have developed and survived through time, with 
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the supportive ecological evidence from this study, might be the most appropriate model for Thai 

society. 
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fi'J'JlJ (Gorman, 1971) ~'lf'Vlllfi11'JJ1:1'1fi\)JI'lfU11 !\91Ufl I~Ufl (Colocasia esculenta) 'JJUI'Vlfl' (Dioscorea 

alata) nt1'1t1 (Mus.a spp_) lJ~~~nu (~ p_apaj'.a) 'JJ~~~11 (Co.oos nucifera) 'll~U (Artocarpus spp_) 

I ~ 

lJ~lJ1'1 (Mangifera :in.dka) U~~'l'ji'JtiU (D.m:k!. zebethinus) (Pelzer, 1978) . , . 
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(Rambo and Sajise, 1984) ~U11'lf111f11~~UI'JJU-.1~~1J\lfli~Ufl (Colocasia esculenta) 1'11WJ!'ll1'VlfiU'U 
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~ ~ , , 

.at. j/ Ql 'j) oC:It. I 0 Ql 0 <il j/ ~ C:( Ql .,I 
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'11 "1 (I fl 'U t ~tl n 'U 11! 11 'U 'j ~ 1J 1J! f1ll 1'1 'j n 'j 'j lJ ~ lJ 'U lJ rJ C1' f 1 'I~ 'U! 11 'U 'j ~ 1J 1J!!) n C1' fl Yl1 'l.fl1 fl! '11 {1 tl 'U tl 'I tl 'j ~! Yl f'( . . 
" ' ' i .IIIJ 'J/ • "' "' "" o """" 'J/ o 1iJ , "' Yltl Kunstadter et. al (1978) (1'~u !f't11'll''U~'U!l.Jtl'IYifll'J 'l'll'11'1f11tl'i~1J1Jfll'iYI1 ! 'i!(ltJ'U(ltltlt! 1J1J 

'JI SJ I )/ 'JI 
V.C:::.. Q.1 tj}'l d. .:::I.A~'l A 9 3) I dl,& 

fl'l!fll.J'U 'U!'U1 ll'J~1J1J fll'J'I111'Ul1ti'U Cl'We:Jl'Hl'JYI!nfi'U'U 'U'i~~1J1J'U!1f'f! 'U!'UI'I'Jtl'U tlti1.:J" f1CJf'l ll'U 

" ' ' 
C1'11J 1 'i t1 U i' lJ'J ~ 1J 1J f11 'J U (I f1 yt 'll't! ~ ~ 'Hl.J 'U ll f.J'U fl1 'J 'l '*yt 'U Vj 'i ~ '1111'1 'i~f.J~ f11'J! ~ 1~ U ~ f1 fi 1J 'i ~ f.J~ .yj Uri tlCI 

" . " 
" " " 'll1'vtu~'U TI mL(l~~'U\9i1 ll'U C1'11Jl'itli'n'l:llffntl.fll~ 'l 'U fll'Jlll!nlJI'I'Jfi'J'ilJ'Utl'I1J~!1W U 'U"l1 fl~ t!(l~ 'l '* 

' " " 
vt 'll'Yi fff1'1'i1£J 1 ~ ll1 m~uu ~"~ mfl 't11 '111' 'i~ uu m'l 'tl1mll l'l'i u uu~'IL~ lJ \! nYJ vf'tn'l'l11t~'t11mt~ 

m'i i~t11w,r1'Ut~'l~~uutl1't11m'ltvn~tl~ n t~um11JU'll'lt1'Ul'J 'l~fl 'luiiH1ii'I'Ut1\lfi'U 1 Yltl t11u 

,:; d '"' .I liJ 'J/"1 'JI "' .,j liJ 'JI 'JI 'l 
'U'U l'ltl'UH'if1YI~fi'Utl'l fll'i "(l'l'\1(1f1iln~l'U" fll'Ju~n !l.lti'UI'I'Ut!(l~~'ll'tl'U"l !1'itl1J1Jl'U 'U 'i~1J1J!f1lll'l'i 

m'l l.J~ 1~ t1 ni1 "C1'1'U 'i tJUUl'U" t1 numffjj t:J'U! 11u nntl'i~ mf'fm 'il.J iYYif m t~umt~'l ~ ~u 'l tHY 'lfll.J 1 Yltl 
" 

tj} r1 3)dA ~ I ~ .d.::t I l.r'J 3)~ 'J) liJ tj) I ct 
'itl1J1Jl'U'U 'l 'UYil'lfil'J 'l 'll'Yifl'U tltl11!1J'U'i~1J1J1'ULnlJI'I'iYil.Jfll'jf.l{l'lJ'j~'\111-:l !l.Jf.J'U I'I'U llJ~lJ !l(l~~']j' 

Lnll 1'1 'i m 'il.J ~'U "1 mf.l 'l 'U u~nw U1'U'Utl'l U~(l~fl'itJUfl i'1 u~~ tJ~.fllCJ 'll'i' fll'i~U" ~fl fll'i'U V'l ffm~nmv 
'J/ " ' 1 

'l 'U fl'itl1Jfli'1U'U"l (Fernandes and Nair, 1986) 'J~1J1JC1'1'U'Jtl1JU1'U i'UlJl'IVl'UYiiimllJ.ffUtUtl'l ~fl~tl 

fJ'Uf.J11!1I'U'i~tl~!1~1f1i1 200 iJ (!~l.Jffn~U~~fiW~. 2532) 'J~1J1J!nlll'l'ifi'J'il.J'lfl~iifi111J~'IfJ'U ~tl 

" 
VV1'1U t1 'U ti'U u~ii 1 tl1l1 ~fi t~i1fi111Jl'I11Jl~ Cl'l.J fftlflfl tl t:J'I f1(11J n~'U u 'U Cl'll.Jl'i tiU tl" fi111J'I11Jlmll 'U 11 f1 n 

fl1'JYI1.:J U! 'Jf'f1Yitl1 ~'I! 1I'U f'f1C1'1'1 {~ tlt 1Jltl0'1fi111J ffl.J TI 'U -fi 'i;; '1111'1 ~ 'lii~il'l n1J(1' .fl1~ U 1ft~ tll.J l ~ 
'liJ ~"' 'J/11] d 'J) <V 'J)"' 'l 

tltl1'1 1 'J? !~'Jl~uty'\11fltl Ul.Jfi'U 1 Yltlll~l.Jfi111Jfl'U!fltlf11J'J~1J1J(1'1'U 'Jtl1J1Jl'U!C1'1Jtl'U(ll.J'\11f.J ll'Utl'II'I'U 

d 1\1) I 'j} I Cl J ~ ~ g} A !111 CJ} 

ttl 'I ni'I11J Ul'l ! lJ(1'11Jl'i tlU U(lfl11lJ! 'Ul '111 tltl1'1~ f1C)f'I'U 'U tltlf11Jl! lJ'U 'Utll.J(IYI1'11Yif.J1f'f1Cl'I'I'J I fl 
" " " ' 

n n~ 11 u'U nni~v'l~ uu C1'1u 'l vuu1'Uu uu~\IL~l.J i 'U ri1Jm.hl1t ,rl~ 'l~m aM 'It ~'U 1o~il'l 'U t~'l 5 '~ fll.J . 
'1 YJCJ 'l 'U fl11~'1'11!;) nil n~l'U ii ~fl U'i~ C1' 'lfl'Hi1 n!'~tl!L U(lfi111JL ,r 1 i 11 tJVl'l ~ ntff 'I 'Uti'! fl 'U i Yltltltl f11J1L 11u 

'J/ "" " 'l 'J/ Q ~ ""~ '"' liJ .J ?t .I'"' '"' o "" """" 'l 'J/ 'Utll.J~YI1'11Yif.llf'f1Ml'J '11m 'U tl'l.fll.Jutu UJ1'U tl'l (1' 'lfll.J !Yif.J CJf'l! U'U fl1'iu 'J1JI'I1'Utl\l fl1'Jf11!'U 'U 'll'11'1 '11 
'U 'U u u 

" ' ' f V'UU lit! n lYif.llf'flffl'l 111 mt~fi'U Vi 't11 nnffnll 1 m1 'l '*Yi ~'U 1 ~W'J~uu 1'U Lnll 1'1 'l 
d Q I ?t 
1Jfi111J!'\1'U 11!1J'U 
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(Fernandes and Nair, 1986; Landauer and Brazil, 1990) 'hJ'IJW~~ff~filllJlfl:l6iJ'il~U'Ufhi;)~ilfrnllJ 
. . " 

{l'U i 'ilnu tll':iW\'ll'UlYiir~vutiJu mh~{l' ~ m':ifttllllTilrt1lllt.u'l i \1':i~UU{l'1'U'HJ'U'Ihuu m'il\'l~u 1 t 11-ff 
~ ~ 

" " m':i1~~rtr~u~'lihhmlll1rrnB~ 4 11'J~m':i~B 
~ . " 

1. tll'Jti'lBf1'1fU~'IJB~~'ll'Yi'il~11J;lf1 iil1r;1nm'lt'lfu h? m1llfu1ciTU'U lll\11f1 t l1'U? ... ... 

2. ~J;l~~l'l'illm~uuyf~l1ll~tilut'liu in iimlll~m~B~l1~B hi? 

3. tll'Jt11~~'UU11J;l~# ~!! 1~~BlJ'\'ll~ti'J':ilJ'll'l~fil~ i lJ':i~'U'U!lJUB~l~ i ':i? 

4 . nn! 11~~'UU 11 J;l~filllJ B~ lJ{l'lJ'lJ ':i W 'IJ B~~lJU!;l~ {l'l':iml1l':i i lJ ~U tll':il1lllJLl~lJ {l'l'J ml11':i !!r;l ~ . ... . 
" fi1llJB~lJ{l'lJ'lJ':iW'IJB~~lJ!fl~~'U i~B~l~ l':i? Ur;l~{l'llJlHlfmn iii~B~l~ in . ... 

. " 
m':ii~~Yii~~hruum'Jii~~u 

I I I g/ 

l1 r;) ~'ill nYi l ~Tilf11':i ffnl\'J{l'tlllJ Vii U 'lJ 1 nw VitlJudj B~l1 r;ll~'IJ B~filJ i '1'1~ i U B~ \91 i U q lJU 1! ~ l'V'l':i~Vl 
. . " 

B~l\1 r;l~tii~~ \11-J rt':i'U'\'1 nm1 \1 ~ \1 i ~ n111u ~ {l'mu Vi YiYi1 m':i ftmn~~u . . . " 
1.1 t'lll'l~'ll1i~ff t'lln~ n'1B~\1lf1!rt~iimwl~m 1u·nw'llB\Ii'l'l~Vitrtm'il1ru~~~~B\IB~iuu1nwuu 2 

q u q cu 

Q.l ~ "'l Q.l .c:::t<v Q.l ~ li)Y~ Q.l Q y Q.l 4!:!1 ~ 

mtul'iltl'JfiB "! !'U'\'1~ !!r;l:::rt'':iff'll'lJlr;l~ \1~ !~!r;lBf1\911U'\'llJf11':i!f1'U'UB'J,JJ;l 2 fi':i1!':iBlJfiB 

'j) Ql d I 'j) Cl, I ~ "'l Q.l 

1.1.1 filJ{l'f1\lllJ !r;l'IJ'\'1 574/1 'HlJ 8 'Ul'U!'ll'11YllJ R!lJB~!f11 BJlJB~ 'il.ff !'U'\'1~ 
q cu q q 

B.r1'1ff''ll'mrr~ \1."!1'1ln~ 

1.2 Yl':i~lJfi'Jrt'1BQtiV1 

l~ti\Bn1!1U!J;l'IJ~ 55 11~ 2 ~l'Ur;llJ111Yl':ill1lJW tll!flB'Ul\I'UlJ;l ~~l1i~Yl':i~Ufi'Jr1'1BQMl 

1.3 tl~~!'\'1YllJl1llJfi'J 

ll)'j}CI. ~ 'j} 'j} .d • .:::~ 1 . <V 

!~!r;lBf1'U':i!1Wfir;lfl\IBBlJ 'UllJ!r;l'\J'\'1 28 l11.J'I'l 7 1l.'Ul~ff1 l1qj B.'Ul~'U1'\'1B\I 
. " . 

'il. 'U'U'I'1U1 tilu ~lU'I'l'U ~1~!'111l~r;lYi'h 1 'U!'IJ1lf1Ht'l'l'V'lll111'Urt':it!u iJ,jiiu1nw i~Yiir~rt~ . . . 
" ffllJlHlfmni~;ll'l!!'U'U~~~~lJ'IJB~filJ l 'l'lmm l fl~LMU~\'l~!rt~iiff1'U B~ilJ!'IJ11 f1~ ~ 

t'l'l'V'llll11Ufi':illlf1lll~ 1 u B~\91 UJ;l~ 1 uil\1\'lilu ~ir~ii'Ul\IU1nw ~ir~rt~trlu ff1UB~ ul9i1tinn . ... . . " 
~·hruu;111 iui11111ii'ml1\1:::ii~(;lYi1 1 M't11~~uuulft~tn~lnu':i~uu{l'1u ':iBu1!1u i 11n~l1ll~ t'lfu . 
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fJ1 ~~~}j-)1'1 mh~ b1' .:Jrl!~t!Ynm1'Jll i1 fl~!.,j'l!! i1'W ~~ lii'I~HH~tlfll'JiJ.:J;Yl l1 ~tl i ~ 'lfl1 ~ fl fll'J . ... . 
' " ' 

!fl'I:JI'I'J!!~'W tl1li! 'li'llll!! i1'U Yitl'W 1~\llllUU~\ll~lJ 9t .:J!!I'I fl~l.:J i U~lfl')j'lJ']j''U 1 i1f.JU~ 11Ul ~'~"1\ll'\J1t:u 
• u 

I 'j./ I I 

l1~ t~'flmJ.:JB'Bll '1 'W ~.:Jlil\ll'W'W i1'lJ~il~ ~U'W 9t.:Jl'll'Wtll1ci.:J 191-:J G'Wi11'W '\Jtl\l'fl'W li1vmmh.:J~muB.:J . . ... 
V11'W l'W U~l~'el\1 ~1fliiiJt:ul11l~V1tl1Jlll fl1'Jl~Ull"~l !'fl11~rf.,j'tllJ"'\J'el.:JU~l1Ul d ~.:J ilii~ 

u ~ 

tJ 1-fi'Bll"~l~V1tl1J ~ .:JU1\ll~tlllll"~i11-:Jl'fliill1 l 'lfi 'W fll'Jlmf.JUllfiVU~" fll'Jftfllll 
~ 

J/ I J/ I " 

u ~ "~ u 11 1w ~~ '1 'lf~'W Yi m Bum t~\ln \llill\ll'\J B.:JU ~ "~m BUfl f 11ll'Wu i.J".:Jftfllll 9t .:Jli 1 m1 f1nm~.:Ju 
1 I tJ I 

2 . fl11lil!!~'Wr-i'\li11\l fl1Wl1Yl'\Jti.:JU1nru 9f-Jt! 11'11\ltlltu 11'\J\ll nl'i\l,!l'W!!"~tr \lrlt!trrl\1 ~'W i~i1fl'll'U11 . 

1iJ • 31 u < 4 sit "' .A' "' 31 a ~ 4 sit "' .% d 31 "' 31 1iJ 31.-i .oi 
~~ \ll1tl lt:l11i;UJ CJf.:JlU'WYl'lJ'l"tlVV'W\ll'W l'i'l1£1Vllfl1~ 9f\llU'W'Y-I'lJ'l"'eltli1\lltl.:Jtllrl'ti\91'W !lltl'Wl'Y-I'elfll'J 

l'i1H;1~'~ u"~Yi11tlnrnnJ i~unncill~'ll''Y-11f1 llBtr i"tf'l'Wrl' u"~~nv1nvi1 . . 

9) t ~ .d1 'j) d Q.l .tt 'j) .d 9) ~ 
~ \ll!"~lb1''W~lt;J'W:.Iflm.:Ji1 'fl'U\91'W i1'J~111Jll1'Wtl'\J'eJ!l 'J fli1'Y-I'W \ll'W (root collar) 

"' • .I 31 "' .I "' 
~\lli11~ul1'Wl\ll\ll (Profile diagram) !!"~fll'Jufl'fl'lll'\J'el\ll'J'el'Wtltl11 (Crown projection diagram) 

'\Jtl.:J'J~UUb1'1'W'JtJU1!1'W 1 \lltl l 'lfuu"\l\9l1mh\l fl~l\1 6 llJ\911!! "~tl11 \ll"'el\ll'fl11lJV11'\J'el.:J'ff1'Wl!~"~llll\l 

4 . ffmn1 m -JtrrNm.:J;1m'Y-I ~.:JfttJ'fl11lll1"1fll1mv'\J B\l'll'U111 \lltJ~ n~lll'W n'll'u\lltm~fil'W 1ru f111ll 

l1mnl1 mti'\Jti.:J'll'U\ll 1 \lltll 'lf~'ll'ii '\Jtl\1!1 'll''W 'W B'W-iim 'W B{ 

s 
H -:E (Pi)(ln Pi) 

i=l 

"' . "' s fl'e) ~1'W1'W'll''U\ll 

" ' ' 
Pi ft'e) ~\llri1'W'\JB\ll'i1t!Vl\lll.:Jl1ll\llnlll'W'\Jtl\ltr\lli;119l'll'U\ll i 



5 

' ' " 
5.1 Ul;l'.:J 1~v1-*ihl'lt~11~u~;Y.:J1~'YJfl'l 2 i1 hm~unm 10 i11lJ.:JI9i'.:Ju~nm 7.00 u.ii~ 

~ 0 "' .d "' ' ~ " " liJ ""' q ""' nm 17.00 u. t~I'JYllfl111~'Y11~~1Jfl11lJ'i!~l'11~'l'Utl~ tf1HI;l'11~\9l'U tlJflt~ t\9lt1ti'UI'Jtl~ 

' " 
5.2 'QW'11.f.JlJtllfllf1' 1-*I'Ylt~11uiJt19W{1~'QW'I1.f.JlJtllfllf1''YJfl'l 1 i11lJ.:JI9i'.:JU~!1-al 7.00 'U .ti.:J 

nm 17.00 'U. 1~1'JYi1fl111~tmi'J1Jtni'J1J)~11'.i1-:Jflli'J'Utlfl!!(l~flli'J1'U1~1J1J 
'j} ' " ' 9) 

5.3 fl11lJ~'U'Utl.:Jtllfllf1' 1-*tfl1t~~1~fl11lJ~'U1~VJfl'l 1 i11u~\9l.:JU~l1(11 7.00 'U.ti~!1(11 

11 .oo u. 1~vYi1nn1~tmv1J!ni'J1J)~'Hi1-:Jflli'J'Utlflt!(l~mv1u1~1J1J 
' " 

5.4 'QW'H.fJlJ~'U 1-*I'Ylt~11uiJtl'lt~1~u1~VJfl'l 1 i11u~ l'i'~u~nm 7.00 u.ii~nm 17.00 u. 

1 ~vii 1 m1 -r~tmi'JlJ! ni'JlJ)~ltiHmvu tlfl!!(l~il11'J 1 u )~1J1J 

ftnrnfl11lJt~~lJI;l'lJ1J)W'Ut~~~u 1~v1uu~(l~uu(l~ffmn 1-*tfl~t~~umn1JI'i'1t~~1~~u tnlJ~u~ 6. • ... 

1~~1Jfl11lJ~fl 0-25 25-50 50-75 !!'(~~ 75-100 ICJf'U~IlJ\911 1~1'11'UUU(l~Yi1fl11tn1JI'i'1t~~1-:J 10 

l'i'1mh.:J U(l~Yi1fllltn1JI'i'1t~~1-:J~'U~1~~1J 0-100 ICJf'U~IlJ\911 'Ut!fl!tU(l~ flllffmnmt~t~fi1fl11 

1tm1~M'tmv1Jtnv1J~'U l'i'1t1~1~~ ~~111flfl11urlt~v 1 M'mr~ 1 ummf1' lJ~ u(l~~tl'UH1'U l'l~um .:J'U'U1~ 
" ' ...:::::. 0 .111::). t/Q.J .d. 

')j'tJ~ 0.02 !CJf'UI'lllJ\91) Yllfl111tfl11~l1~-:J'U 

6.1 fl111Jt~um~t1:lu~1~ 1~v1-*ff'~ri1u~u:J1 t1:lu 1:1 

6.2 U~lJ1Wfl'U'Y1'1V111Q 1~v11i Walkley and Black (Jackson, 1958) 

6.3 U~lJlW lu 11'11t11'U11lJ 1~v11i Kjeldahl (Page et al., 1987) 

H(l111nnn1 1m1~M'flu 'Y1161 l'lfl U(l~u~ mw 1 u 11'11t11'U11lJ11~u 11 uri 1u 1Wl11fJ \91)1~i1u 

" 
6.4 U~mwvJt~l;l'vJt~i'l;l'n~'HlJ~ 1~1'Jlnfl111;l'fl~~11'JI;l'll(l~-ali'J Perchloric acid (Page et al., 1987) 

6.5 u~mwvlt~~;Yvlt~i'l;l'~Vl'lfl;l'1lJ11t111~U1 lu1-*u1~ 1v'lfu1~ (Available phosphorus) 1~v11i 

Bray II (Bray and Kurtz, 1975) 

1. ffmJ 1u1 (l:Jf1i11~'Ut~~tf1'11 CJf1 nVl'lf 1 u )~1J1J 1 ~v 1 u u~(l~ u U(l.:J m1ffmJ 111 ~Yi1 m1 ~u 191 -:m~1~tn1J 
" " tf1'11CJf1flVl'lf1J'UVlu~u 1~vYi1m1tnmi1t~~1-:J 10 l'i'1t~~1-:J ua1Yi1m1mum'l!nul1'-:J 1~1'Jfl11t~1J 

1u~t~1J 'QWlt.f.JlJ 105 t~~f1'tCJf(lt9fr:m t1:lunm 48 i11u.:J 
.t:9 ~ .d\1( 'j) 0 Ql & ~ ~ ~ .:::l\1] 'j) 

8. f1'fl111H(IH(l \9l'Y1 t ~ 111fll~1J1J 1 ~I'J'Y11 fl111J'U 'Y1 fl'lf'U ~'U tl.:JH(IH(l\91 'Y1 fl'lf'U ~ 'Y1 t ~tiel fllJ 1111 fll~ 1J 1J tm~ • 
' " ' 
i~U1'11Ufl \9l(ltJ~l1mt~~1~~mwt~.:Jt1:1unm 1 lJ 
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~ "f 1 ~ 19) d; ~ d Q.l I Q. d ~ ..d QJ 

9. fl'fllllfll'H1'i~~1ti'\JO-l'i~'U'U'i1f1~'lf 'U'i~'U'U t~tl 'lflfl';iU'IlJU!fl'U~1Utl1-l~'U lf1'U~'U'Yl'i~~'Ufl11lJ 

iln 0-25 25-50 50-75 ur;,::; 75-100 t9f'U~ll1~1 utJr;,-m11ffmn!:'l~ 10 ~1mh.:~ ~u~1~t11mr;,~mr.nl1 
., 

U~11ou~1tJ\Pl::;UnH lltlfllOT~1'U11fWOfll11 VJ1f111'111U111Uflll~.:J l~tlf11'iO'U1'U~O'U 'QW'11fJlJ 105 

o.:~fl't9f!:'ltCJfmY tl:lunm 48 4'1tl1-:J 

10. flmn~olJ!:'IfiW~f11:1W~'Y11-:Jtfl''illiln~u!:'l~~.:~fll1 1~tJm'i~l1fl11:1W Vl1m111'uiin '1i'o1Jmi1u~1 
~ q ~ ~ 

'IJ0-:11 ~l'uo.:~ ~VlJr;J'I1~ n~1 1 V'\JO-l(j1'U '11~nnntm~m~H!:'I1u m'itJr;,n~'lfU~!:'I~'lf'l1 ~ m11'l11 -1i'n1:11 
IIU q 'U q 

' ., 
u 1 'l-l1'U ifl'u ~fl ~ ~ 01 ~'U'U nntJ!:'I n~'lfu 'lJ 'lJ Yi iim11J 11m n11 mm 'lfu {j'J'U 1 O'U U' 1u il n'U 1 ~'U'U nntJ 1:'1 n 

~ ~ 

"'QJ 
Ntlfl1111ltl 

l . 'IJ'U1~U!:'I~UH'U~.:J'Yl1-lf11tlfl1~ 
1 jl )/ I I 

elf 'ILl fj~ ,:r:i1'U'U 1~'\JO'I (j')'U) O'UTI 1'U ,r 'UU~ f1~1-l O'U ~'Ill~ '\J 'U 1~ 1 muri (j~.yj e'htfl 0 'Ul'l 'Ul!:'l ~'I '11l~ 
u • 

"" "' IIJ :II • 
~'i~'Ufl'ifl''itl~'litll flO 5.5 'll'U (2,284 1'11'i1'1llJI'l'i) 'iO'I!:'I'IlJ1 !~llfl 4.2 '11'U (1671.3 ~l'il'lllJ~'i) 

~e'i1tfltlllJO'I ~'1'11l~~~'U-.1tJ 3.9 nu (1545.5 1'11'i1'1tl11'1'i) ~e'i1tfiO'U1'111'1'YlO'I ~'1'11l~'U'U'Y11.{1 
J I jl I " !JJ 

~u(i'lt~nrif{~Yiii1tfiVfl'1~'lf'U1~tJ ~'1'11l~~~'UitJ fio 2.2 '11'U (864 m'i1'1tl11'1'i) 1u~uril1'1'11l1~iln 
I I I I 'JI ' I 

1 3.1 "' _I 3.1 ., • 3.1 I 3.1 ~ "" -I "" "' "" ~ "' ""131 "' fll) 'lfl~Of11'iu~fl'U1'Ullr;J~{j'lf10{j'J1'1l'lf'U u1'1'\J11 !~tllu!:'ltlu'i~lJ1W 3 % 'Yll'l1!;l0~'11U'U~'U'Yl 'lfl~O 

' ., " 
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Tectona grandis L. 

Oroxylum indicum (L.) Vent. 

Cums_ nucifera L. 

Mangifera iildka L. 

Artocarpus beteropbyllus Lamk. 

Tamarindus indica L. 

Psidium guajava L. 

Dendrocalamus asper Back. 

Aruma squamosa L. 

Solanum aculeatissima Jacq. 

Musa sapientum L. 

Yign.a unguiculata (L.) Walp. 

Ananas comosus Merr. 

Zingiber officinale Roscoe 

Lanquas galanga (L.) Stuntz. 

M.acia pennata (L.) Willd. 

Borassus flabellifer L. 

Qu:iQa~L. 

Capsicum sp_._ 

Moringa oleifera lamk. 

Azadiracbta i.n.dka L. 

Coccinia grandis Voight. 

Eipcr aurantiacum Miq. 

Benincasa hispida Cogn. 

Sandoricum koetjape Merr. 

Psopbocarpus tetragonolobus (L.)DC. 
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Phyllantus acidu..s. Skeels 

Luffa acutangula (L.) Roxb. 

Citru.s aurantifolia 

(Christm.&Panz) Swing. 

Citru.s maxima Merr. 

Ocimum sanctum L. 

Ocimum basilicum L. 

Morinda citrifolia L. 

Dimocarpus lilllgan Lour. 

Cymbopogon citratus (DC.) Stapf. 

Ervatamia loronaria Stapf. 

Citru.s h)§trix DC. 

Canna indica L. 

Eugenia siamensis Craib. 

.Punka granatum L. 

lxora illbb.ii Loud. 

Hibiscus rosa-sinensis L. 

13 

Hibiscus schizopetalus (Mast)Hook 

Hippeastrum equestre (W.Ait.)Herb. 

Ccib.a pentandra Gaertn. 
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Tectona grandis L. 

Oroxylum indicum (L.) Vent. 

Mangifera .in.dka L. 

Cllru£ nucifera L. 

Artocarpus heterophyllus Lamk. 

Tamarindus iru.ika L. 

Psidium guajava L. 

Dendrocalamus ~Back. 

Anillla squamosa L. 

Solanum aculeatissima Jacq. 

Mus.a sapientum L. 

.Yign.a unguiculata (L.) Walp. 

Ananas comosus Merr. 

Zingiber officinale Roscoe 

Lanquas galanga (L.) Stuntz. 

Zcacia insuavis Nielsen 

Borassus flabellifer L. 

.cari.ca pap.eya L . 

Capsicum sp... 

Moringa oleifera lamk. 

Azadirachta .in.dka L. 

Coccinia grandis Voight. 

~ aurantiacum Miq. 

Benincasa hispida Cogn. 

Sandoricum koetjape Merr. 
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Psophocarpus tetragonolobus (L.)DC. 
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Phyllantus acidus_ Skeels 

Luffa acutangula (L.) Roxb. 

Citnl..s aurantifolia (Christm.&Panz) 

Swing. 

CitnJ.s maxima Merr. 

Ocimum sanctum L. 

Ocimum basilicum L. 

Morinda citrifolia L. 

Dimocarpus l.mlg:an Lour. 

Cymbopogon citratus (DC.) Stapf. 

Ervatamia loronaria Stapf. 

CitnJ.s hystrix DC . 

Eugenia javanica Lamk. 

£J.mka granatum L. 

lxilla illhbri Loud. 

Hibiscus rosa-sinensis L. 

Hibiscus schizopetalus (Mast)Hook 

Hippeastrum equestre (W.Ait.)Herb. 

Cciha pentandra Gaertn. 

~ ffiaha Hunt. 

:Bm.Iea macrophylla Griff. 

Pandanus kaida Kurz. 
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Mangifera in.dKa L. 

Mm sapientum L. 

Aruma squamosa L. 

Caclls_ nucifera L. 

Tamarindus indica L. 

Manilkara acllras (Mill) Fosberg. 

Phyllantus acidus Skeels 

Capsicum .s.p... 

Cymbopogon citratus (DC.) Stapf. 

Citrns~DC. 

Ocimum basilicum L. 

Ocimum camun Sims. 

Psidium guajava L. 

Sesbania grandiflora (L.)Poir 

Morinda citrifolia L. 

Azadirachta indka L. 

Wrightia pubescens R. 

Dendrocalamus asper Back. 

Solanum incauum L. 

Zingiber officinale Roscoe 

Lanquas galanga (L.) Stuntz. 

Carka papaya L. 

Dimocarpus .kmgan Lour. 

~ americana L. 

Manihot esculenta Crantz. 

Eugenia CUlllini (L.) Druce. 
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D.uri,Q zibethinus L. 

Garcinia ~ L. 

Baccaurea spida Muell. 

Mangifera indi.ka L. 

Sandoricum koetjape Merr. 

Ci.trns. maxima (Burm.f.) Merr. 

An&a catechu L. 

Eugenia malaccensis L. 

Eugenia jayanica 

Elaeocarpus hygrophilus Kurz. 

Spondias du.lill Forst. 

Spondias pinnata (L.f) Kurz. 

Phyllantus aci.du.s Skeels 

Dimocarpus ].Qng.an Lour. 

CQQos nucifera L. 

Mm sapientum L. 

Aruma squamosa L. 

Erythrima subumbrans 

~ macrophylla Griff. 

Citrus. aurantifolia (Christm.& 

Panz) Swing. 

Citru.s ~ DC. 

Artocarpus heterophyllus Lamk. 

Sesbania grandiflora (L.) Poir. 

Acacia pennata (L.) Willd. 
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Saccharum officinarum L. 

Cari.ca~L. 

Morinda citrifolia L. 

Solanum stramonifolium 

Phyllantus acidus. Skeels 

Manihot esculenta Crantz. 

Centella asiatica (L.) Urb. 

Ocimum basilicum L. 

Ocimum sanctum L. 

Cymbopogon citratus (DC.) Stapf. 
. " 
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'IJ 'IJ 

111:11 n11 1:11£J'IJ e.:J'lfUIPIVi'lf 1u ':i~'U'U ff1'U ':i e'U 1f 1lJ 'U 1 nw ~1-:J'l 1 \Pif.l 1 i'~ 'lfU 'Utl..:J u 'lflJ lJ au-tim u e{ u ff\PI.:J 

i ~1u \911':i1-:J~ 8 ~..:JU ff\PI.:J 11ff1lJ':iV'U1f1lJ~~1!.fletjjV..:J-r{ 1 '11n£JiJ~'lfU f111lJ111:11f1111:llf.l~ .:J~-r{IPitr!u 2. 7 . . . 
~ Q..:9j 00.1 I IQ.I.c:t o.<:::l ..:::l.c:::!,Q.I Q.l~ 

':itl.:J i:l.:JlJlfiV Vf.l1W1U1:l~lJlJ'Vl'U':i fiV 2.1 mt~ 1.9 \911lJ1:11\PI'U ff1lJfi1\PI'lflJ'il~\911'Vlff\PI'Vlfl'':iff'lflJ11:ltlfiV . . . 
1.5 lJ vnmnVi'lf~U~f1U~1 iJ.:JlJ~'lf~~lJ1fl-3\911lJ1i':i':ilJ'lf1~iiPI£J ll-il~tJ~n~.:Jff1lJl':iO 1-tl'u':i~ i£J'lfliu1:1~ 
~nu~e£J1M'~u i~P~£Jil-il~i'ie11trlui'lf'lf~'lf~l'i'e.:Jn1~1Pli.:J ~J;hrl'tyl~uri iffu ~1i1-:J H'n i'UlJ l!uun 

d di Q ~ 
u {l ~ lJ ~ 'j ~ 'IJ lJ f) 9f .:j! tJ lJl''l 'lftll'\11 'j 

4. i1'il~f.l'V11-:Jf11f.l.fl1~ 

4. 1 Uff.:J 

\911':i1-:J~ 9 Uff\PI..:Jfl11lJt'li'lJ'IJV.:JUff.:J~':i~~'Ufl11lJ~.:J~1..:JfllJ 3 ':i~~'U.fl1£J1lJ':i~'U'Uff1lJ':iV'U1f1lJ~V 
" " " " 'U1nwi'lJt~tllJf.ltl\PI i'u f11:11-:J U1:1~1J1m.u Viu ~'U11fl11lJt'li'lJ'Utl.:JUff .:J.fllf.l 1lJ':i~'U'Uff1lJ':itl'U1f1lJ n.:J 4 

jJ f I I jJ 
I Q.l .d. d _ ~ .t:!i o Q.l o .c:t d.~ ~ ~ 

u 11..:JlJlJ 'il ~ ff .:J'Vl ff\PI 'V11J ':i numeu £Je\PI u1:1~ 'tl~1:1 \PI1:l.:J\911lJ1:11\PI'U 'illJ \911'Vl ff\PI'Vl 'U ':i nw ~lJ \PilJ 
'IJ • • 

" .c:::., ~ .e..e. 

4.2 tlW11.fllJU1:l~fl11lJ'lfWllf11fl' VW11.fllJ\PilJ 
q 'U q 'U . " 

\911':i1-:Jll 10 11 12 Uff\PI.:JVW11.flfiU1:l~fl11lJ~lJtllf11fl' tlW11.fliJ~lJ nn£J'Uillf.l'U':i~1111-:J.fl1£Ji'U 
q cu q 'U 

"' 1 "' 'I ~ "" ~ z "' ~ "" .J ff1lJf1'U.fllf.llJtlf1ff1lJ lJ'U'H1W !f11:l!flf.l.:J 'Utl.:J':i~'U'Uff1lJ':itl'U'UllJ'Vl.:J 3 'U':i!1W (f.lf1!1lJlJlJ'Vl'l.J':i) 9f.:J 
. " 

u ff\PI.:J -:ht!w 11.ni1m mfl'u1:1~ ew 11.niJ~u mf.l 1u ff1lJ 'il~~ 1tr:hm£JlJ e nff1lJ \911:1 e\Pinm ri1u fl11lJ'tllJ 
q cu .. 'U 

. " 
\911':i1-:Jll 13 Uff\PI.:JU~lJlW lu 1191':il'illJn.:J11lJ\PI fllJ'Vl~Vl\91(J m1'UVlJfllJ'Vl~V U\91':i1ff1lJ':i~111N 

" . 
m1'Ueu~e lu 1191':it'illJ rleffvJei'ffn.:J11lJIPI rleffrlefffli~'lfff1lJl':itl'lh 11.11-tl'iJ':i~ 1£J'lfu1~ u1:1~fi1m1lJ 

. " 
tr!umiPI~1-:J'Ue..:J~uli':i~~'Um1lJiliPI~1-:Jnu 4 'j~~'U'il1m~'U'Uff1lJ':ie'U1f1un.:J 3 'U1nw tm£J'Utli£J'U 

':i~ 11 11-:J ~wnf.l iu ff1lJUi:l~ u vn ff1lJ ~ .:J u ff\PI.:J i M't-Hu 11~'U.fl1£J i u ff1lJ 'il~ iJri 1i1 'il ~ £J ~1-:J'l ~u ff\PI.:Jtl.:J 
. " 

i lJ 'Utu~lifi1fl11lJ t ilu m \Pit ilu ~ 1-:J u u iJri1 1 n~t~ti.:JnlJ 
. " 

':i~ 11 11-:J mf.l i uu 1:l~.fl1£JlJ en ff1lJ i1u mf.l i u ff1lJll':i~~'Ufl11lJil n'IJ e.:J~lJ ~1..:J'l nu u u ~'U11fl11lJ ~\Pill 
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. . . .. 
~11~~n1n~n1u~~~,u~ 

I .. 
a'(11UY1 

" 
I **' .. 

a'~u1n'!~ft:~~;BJ~Y1~ " c.Jft1~ c.Jnu.n:a1~11 1:J:JJI'1ft n1tJJ1~ 
• 

11\.'IJ~tl 21 19 15 2 3 
• 

.... .. 
ff'l"a''llUl'iltl 15 8 4 4 -

l"ltlu!Jl 8 3 3 - 2 
• 

.. 
UU'I11J1 18 4 5 - -

• 

"' 
'l1llli'Jt'l1 9J *~'ll'U~~~'lfW~ u~ ~lU'U n m 'J 1 i'r;Hltltltl f1'P111J'l11 ~,j 'J~ 'C1' ~fi'11&1'myjv~fl~ ~~~tl1 

**'J1lJ'l1lJlnu~~Yl" 111 'W milJri~1v " . 
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' ' 
~111~~ 9 ~11~L~U~U~~~~~~fi1U~U1~UU~1U1flUU1U ~1~~U~11~~~ 3 1~~U ~U~1~L1~1~1~~ 

~fl~lU 

b1~1 

7.00 

Q.OO 

11 . 00 

13.00 

15.00 

17 . 00 

>6,000 

5,800 

950 

>6,000 

5,900 

1,600 

5,000 

4,200 

2,600 

>6,000 

3,800 

2,600 

2,400 

2,000 

1 '400 

1,200 

750 

580 

flU1iU1 
' 

1,250 >6,000 

1 '000 >6,000 

700 >6,000 

2,000 >6,000 

1,200 >6,000 

800 >6,000 

3,000 >6,000 

1 '300 >6,000 

700 5,400 

3,000 >6,000 

1,300 >6,000 

700 >6,000 

3,600 >6 , 000 

1,250 5,800 

1,000 5,600 

2,200 4,900 

800 3,500 

650 900 
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I II 

~ 
.. 

10 flW~fin~~t~1~~~ufllnlrt "'"' Lu~uuL~uu1~~11Jfi1u~u~1unun1uufln~1u~u ~nn .JYI flW~fi~~u 
• • • • 

I 

U~L1W'l.n~L~U.J 'l.U~1JL1~1~1J~~v.JlU ~v.J~tUU~1U1tlUUIU~fl~LfiflL~flJ ~~~YlU • 

" 
ew~nne1n1rt (tlJf!IL'll~L;U~) f111~~uvlnlf! (%) "'"' (v.Jf!1L'l1~L;u~) L1~1 tlW~mJf1U 
• . • . 

mu'l.u muuvn mu~u muuvn mu~u muuvn 

8.00 28 . 0 29.5 79 . 0 73.0 21.0 24.0 

9 . 00 29.0 30.0 80.0 68.0 21.0 24.0 

10.00 31.5 32 .0 73.0 65.0 21.0 24.0 

11.00 30.0 30.5 80.0 71.0 21.0 24.0 

: 
12.00 31.5 32.0 78.0 67.0 21.0 24.0 

13.00 32.0 33 . 0 74.0 61.0 21.0 24.0 ,. 

14.00 30 . 5 30.5 81.0 68.0 21.0 24.0 

15.00 30.0 30.0 80.0 74.0 21.0 24.0 

16.00 27.0 29.5 80.0 80.0 21.0 24.0 

17.00 27 . 0 29.0 80 . 0 80 . 0 21.0 24.0 
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I tJ 

::- .. 
11 ~ruMnDu~~~,,~,u~1n1~ 

.q.q 

~U~UUL~UU1~Ml1Jfi1U~U~1UnUfi1UUfln~1U~U ~111JYl flruM.n~~u 

' • ' • 
I 

ui~1ru~n~L~UJ ~U~1JL1~1~1J~~flJ1U ~flJ1~UU~1U1flUU1U~~~Lfifl~~~~U1~U 

~JMi~~L'lJYlU 
' 

II 

L1~1 flruMnDfl1n1~ ( fl Ji'11 L 'lHH ·U~) ~11lJ~Ufl1n1f'l (%) flruM.nDflu (r!Ji'11L'll~L·U~) 
' . ' • 

mu~u muufln mu~u muu~n mu~u muu~n 

8.00 27.5 30.0 77.0 70.0 20.0 24.0 

9.00 28.0 31.5 80.0 76.0 20.0 24.0 

10.00 29.0 33.0 79.0 61.0 20.0 24.0 
:::-

11.00 29.5 33.5 76.0 51.0 20.0 24.0 

12.00 30.0 33.0 72.0 48.0 20.0 24.0 

13.00 31.0 34.0 73.0 55.0 20.0 24.0 

14.00 30.5 34.0 69.0 54.0 20.0 24.0 

15.00 32.0 33.0 76.0 57.0 20.0 24.0 

16.00 29.5 31.0 80.0 64.0 20.0 24.0 

17.00 28.0 30.0 80.0 63.0 20.0 24.0 
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I II 

"' 12 ~ru~n~u~~~1~~~u~1n1fi "'"' LuiuuL~UUi~~11Jn1u~u~1unun1uu~n~1u~u :- mi1Ji'l ~ru~n~~u 
' • ' • 

I 

U~L1W~f1~L~UJ ~U~1JL1~1~1J~~vJlU ~flJjtUUn1UjflUU1U~v~LnflU1JU1~ 

~J~l~~j~U~ifiiflUfiUI 
' 

II 

L1~1 t1ru~n~~1n1fi (flJfi1L'I!~L;U~) ~11lJ~U~1f11fi (%) tJW~n~~u (vJfiiL'I!~L;Un) 
' • ' • 

mu'l.u muuvn mu'l.u muuvn mu~u muuvn· 

8.00 29.5 30.5 82.0 68.0 22.0 23.0 

9.00 30.0 31.0 80.0 65.0 22.0 23.0 

10.00 30.5 31.5 81.0 67.0 22.0 23.0 

~ 11.00 30.5 32.0 80.0 75.0 22.0 24.0 

12.00 31.5 32.5 77.0 69.0 22.0 24.0 

13.00 32.5 34.0 70.0 68.0 22.0 24.5 

14.00 32.5 34.0 72.0 45.0 22.5 24.5 

15.00 32.5 34.0 72.5 51.0 22.5 24.5 

16.00 32.5 34.0 72.8 45.3 22.0 24.5 

17.00 31.0 33.5 72.0 43.0 22.0 24.5 
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" 
nTnh1 ~l'm~i'm:n~1uiru VlUl1 hih1'i:im1 1'lf'ilmfliht5tJ~11tflihh~~u:J.nNt~v 11dirwv~ 1 'lf'm'hl . ~ . 

9f1f1i'lf'lflii'lf~ m~vf~ ~lJ~ 1 f1 u ~u 1~tvltJ1-H' ~tJV ~mmilu ~v l11tJ~u u 'Y11{1~ ~ iiitJ~ ~1u 011 ~ii fll'J 

6. flU! ~f1lJW~'Y11~tfl''J'hl ilfl11U~~ff ~fllJ . ~ 

" . . 
111 nN ~ m 1 fff1'hl 1Vl u l1 ~1u 1 tJUU1U l1 ~ ltlJ~fl Yi 1 m1 fff1'hl 1t flu m ~ nn 1'1 f1'YI tl~ ~ tJ nu lJ 1 'VI f1f11 tJU . 

'JI I I !JJ I 'JI S) j,/ 

flf1t flU f1 U 1 U Yiu flCJf ~~'I ~U ~1U 1 U u1 t1W U U "l ft'u ~ UflU lJl~~ U~fli' ~ U 1l'Vl1J~ lJ 'VJ f1fl1 tl Ufl i' 1V m iu 

~~ 1'lll1viittJf1~1'JiY'YI1f1u~~'Utllu 1 'ilU~ ri1u~~ 1'lll1mflu u~.3 ~1u1u~m~n 1uf11tJUfli'1iitJ~ 
I 1 1 f 

I I Q.l .d. .o=::r., ,cg .::::! .d,.d, lJ] 'J}_I 0 .dl ~ I lJ] j/.o::::!, o Ql 

1~1111~ 4-7 flU Hl'l~~fl1tlUfl1111~lJ~lJl'lff19f~lJ~1U'YilJ'J1V !~U1~111 9f~!llUHl1~~11V !~'YI~1flt)J'lltl~ 

f11tlUfli' 1 U l1 ci ~ 11V 1 ~lt ~ f1'll tl~m tlUfli'1~ fff1'hl 1VlU l1lJl11 1 nu 1.u'11U~~ 1 i-6 tlV~ ~ tl~~ tllJ 1 tlUU1U ti~ . ~ 

111n~1u mm 1 u~n~umi~ £Jm1u~u U'YI1J'1~~tmci~11£J h1mtf111~lJ1111f1~1U 1tlUU1U 1 ~Vii'VJt1vu 
~ A CV 1 .d, i Q.l .d, I 'j/ -==l Q.l Q.l .<:1 I !i) 

u~~l1lJlntllUN~N~I'll1~f1 U'llW~'YI~ 1 'll'YIV11~lJlJ~lJ1~H~~lJ~Vl111 fl'1~'lf'lfU 1~£JlJlJ~lJ1~ nmmm~ 

'll'4U 

- I 'i "i ., <!I i "'"' - I 0 ., I d "'"1 'J) di 'J)i 'J) "1 'J) I ., 
u1~ !V'lfU Ufl'J1!1tlU U'lf11'lu1~1111UlJlf1f111'YI11~lJ !1'll1£J H1~~1U'YI 'lf U~1U1tJUU1U !~Hf1l11 

11 u 1f11 tJU f1 i' 1~ 1 ~ 1 ~Yi1~ 1u u1~ ~1 ~1u ~Yi111 ~t flu ~1u ~fi tJu .u'1~ t m 1 ~u Fim1~ 1£Ji'lf'lflii'lfu ~~ m1 

tnulii'lfr-~~ ~~11~YJ1tJ~1~~~1t~lJtJI'l~tJ~nm un~11~Yi1tJ~'Yin1um~£J1u~~ 2 i'11lJ~ vm1u~tJmw1 
~ . . 

..J .c{ QJ ~ I I d ~ I 'j) ~ QJ t/ 9} 

9f~Vl'lfl1~ntllUlJ~lJ1~'llU1~ tltty 11~~u~~1u1l~~ 2 f!H tU'lf1~q~u~~t~tJUfJlJfllVlUJI u~~l'luq~Nu 

t 'Ut~tlU lJtl'UlVU . 
I I I I j/ I 

iY ~ flrl~fl~ ~~il tlU 1il~11'l'll tl~fl u i u ff ~ fllJ, 'YI£JCJf~ ti'l u ff ~fllJfliifl11lJ'lhml1 il tJtntJn~ nu na~ 
~ . " . 

U11f1fJtJQ~en~ 1 'lll1£Jiru a~fl~ 1'lf'1~uum1u~mu~vur-.~~r-~i11'11~l111~nu nci11~tJ11~iimm~ n 

'J) dlJ] 'J) ., 'J) _I<!! 'J) 

ll~'\'l'J11'YI li'Hll f1ff1'U f1ll'll111U cHJ f1111f1'U 1'll11 
I 

10 ~f)l'ltl 

'j) ... 1~ Q.l 

'll11tu~tlf1 1 tl~ 

. " 
f111 fff1'hl1tfl £11 tl UN ~1'1 tlUU 'YIU 'VI N!fl'1'hl i fl 11111 m~U U~1U 1 tlU U 1U U U 1~ ~1lJ 'J tl11~YJ 1f111 

U1~tiJu 1~ tiie~111f1fl11'ltJU~ 1~i'U111f1f111fflJ.fll'hlWt~1'lltJ~~1u ri1u 111uj11~ 1~f111'ltJU~I'l1 ~nui1Yi'lf 
'J/ I 'JI I 

u~~~'lfiJ~iruu~ n 1 1tliitJm1-eJU1.nfl u11.nfli ufli'1t1-eJuiJ1~iifl11lJ~~ 1 11fl11~'ll1£J tr1iir-.~~Ni11'1mil-eJ 
~ . 

~ gJ d ... ld ~ Q,l 'j) i ,., ~ .d, 0 Q.l ~ 1 'J) mu fl11lJ 19W~ m1 n11~ u~ m u~£Ju t 11tl111U numu nm 1-eJUtfl£1~ ~1l11U'llU l'ltJU u m1~11~ ~1u 1eu 

u1ulTu11~t~lJ~u 1~£Jf111tlH~u~ tr1ii~u 1~'llU1~ imu-eJ~n"~ 1fiu~~m~ri1utvlmm 1~lJ1 i'lf'tvlem'J 
u ~ 

I 'JI I 'JI S} I I 

titJ~f1~nTI'nmr'Y£J111niru"~1l~nlii'lffl~lJ~uu~~t~tJ11~1lJ11tli'n'hl1fl11lJ~u'lltJ~vtui1 Yi'lfn~hriru1~ 
~ • u 

1 tj) : fJ} Q,l .t 0 ~ QJ l1 tj) I 9) I .d. j} QJ 

unnm£JU111U~~'YIV~l1~1~ l1~~111f1'UU11~'YI1f111U~f1Vl'lfl1~n ~~Uf1lJ~Vl111 lJ~lJ1~ 'Yit1£JU u~111~'1 
~ . 



)I I I I "' ~ "" 1 ""' ~ "" "" ' ' Ill !II' Ill. I !II ""' • .I "' "' ' Ill. I 
~l f1i'i'lf11~ fl!IPI1J \PI tl.:J'\Jl.J'Yll'lftl1lll~tl~'HJ\Pl !~\Pltl tuln'l111-:J'Yilf11'JlJ~f1i'i'lftll.JC) \Pltl t lJ 

vHl f11'Jftf11llt~tnn1JflW r;i'n1lw~m.:Jlft''Jl:l ~ n11u~~~ ~fllJU 'ff~~ 111u~nn~~ 14 

"'{1'\J~tl 

ft~~'lf'lfl.Jlr;i'tJ 

4 

6 

5 

7 

4.2 
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3.9 

lJ~lh~,lJ~Yifl1 lt.Jflf11~tll.J 
!J/ 

1-ll'\Jl'l lJ~lh~.f1~1tl ll.Jflf11~tl'l.-l 

'\Jl-11-1 . 
!J/ ' 

1-ll'\Jl'l lJ~lJ')~ 
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I I '!JJ I I I iJ 
'j) L:!l ~ ~ ..:::S: ~ 'J) ~ c1 1 l.d. ..:::S: Q.l \1] 'J)cv 

1~ 1J 1J ~TU 1 tl1J1Jl'U 9f \llUlJ 1~ UUlJ l1 fl'9f \llJ'4ll tl~11\l'lllJ 'Yll fllUfl'Yl '!~ 'l~U 1J 11\J \llJ lJ ! ~ 11J fl 11 

m111B'~1 ~t~Uflfl);l~ 1! tlu);l~ 'l 'U'Yl1\ll'lf1m'li1t-t:l'U 1~uum1 'l i'~~'U ~iifl11lJ~lJI11 191 ~lJN);liitl'l~il'Ylli 
q q 

' " 
ill'Vl ~ \1 tm~ij fl11lJV\I ~m1'11 'U 'Yll'lii11fl'l'Ylt11U);l~ lfl''lll -,y fhl-a \Ifill 'ff1l11'HWHJU 'ff'U tl\lfl11lJ fi' t:l\1 m 1 ., .. 
~'Uii1'U'IItl\l'lflJ'lf'U 1~vhiiiN);lm~'YlU~tl~\IU1~~tllJ (Fernandes and Nair, 1986; Landauer and 

.. q 

Brazil, 1990) u~i:lty111~fit:Jihnci11a1\l~'lmh111' m~'U fl11ftflll1 'l 'Ut~\la \lfllJ111t:Ju'l'ltJ1tJ '111~fl11lJ 
' ' " 

t9'ft:Ji1t:JVi ihlmir fl\J 1 flfll'l 1~ t1 'l 'U t ~'ltl1mw 111 tl nnffflll 1ltfl'l 1~ ,..j 'l~UU mh'l 1l 1\1 ~ \1 (Wojtkowski, 

1993) nn~'l~UU!flll~ 1m11J 'l~~1l111fl1l~ nci11 t~t:J~1\IUU'Utl'U i1iim1l1~\IV'UtT'U ii~t~'U t:Jl11l~ 
" fJI fJI o ., • I!J. I"" 

~tl\l~t:JU~'Utl\I'IJtlfll11lJ~~\I\9ltl !lJ'U (Torquebiau, 1992) 

1.fi'B'IlJf111lJ~\IV'U 'l 'U'Yl1\IUI1fl'l'Yltl1 ~'liji:J1l~tl~fi't:J'IYi1lnW1 !~uri fll'lfl'4 fm1~'U~\111l1 ti'lm'l 

-~ Q.l 'j} Q.l Q,l ,/ 0. q 'J) Q.l tl Q.l 

'U t:l\1 fl'U fll'.i'lf~ );11\I'Vl \I'Yl);lltJU);'I~ fll'l'l flll 1f111lJ~~ lJ'ffll'IJ'lW 'llfl\I~'U fll'l ! 'lfU);l ~ fll'l fl'4 )f)lJ 'Yl 1 'Vltl1 m 

' ' " i1 \ltn~~fll1ViiiflQfl~1'1iith~ilmi.fll'Vl (th u~ \1 vni'l'l1lJ 'Yli''Vlt~1m'Yl1\IW'U1! m'llJ) m1 'l i'tl5al1w'U1i 

1~11i1'1 ~ \1 ii~i\91~ 1\l''l ~~ ~'U fl\lrllh~ flflU ~ \1 ~ '!~ (i 1fl~1'1t'lf'U nn 'l 'lf'mll9f1 nVi'lft~'U ~tJ fl11l1al1w 'U 1f 
1~1111'1Vi'lf~1\l'lfu~m11911 '~! 'U 1~1t1l'U\911l1linl1'lf1~ m1mUfJlJ'Yl1'1~ih11i) m1 'li'~ '~~1'~'1 ~\)~ 'l ri'l ~ 

2.fi' fl\llJ~fll'Uill'Vl~! 11lJl~~lJ 'l 'U ~ 1'U a \1 fi'JJ t ~uri 'ff1lJ11 fl\9lflU~'U fl\1 fll'j rJ\1;5'Vl \9lflU~'U fl\lfl11lJ 

l9i' fl\1 m'l'Yl1\l~ 1'U 'Vl~\I\11'U t Yi l!m1lJ -.:i nw'U 1~11 i1'1'Jt'JJ 'lf'U f nmw n~ nllw 'llfl'I'Jtl!'lf'U -!WJ'U 1i n'JJ'IIfl\1 

' ... o' 
!N1'Vl'U1! 

3.fi'B'Iiii:J1J~ti\J1flilltl'U tlfl~'ff1lJ11fl'ffUmY'U'U'l~UU t~ t~uri fiWill'Vl'llfl\ll fl'l \l'ff~1\I~'Uii1'U 
q q .. 

1 flm'ff~\J~ !~i'utm~\9lt~'U 6trlfl~1t~'U m1 !~fuu1m'l'Yl1\la 'lfllJ~'U~'U!1'U ( 1 Ht'1t~'U 'ffm'U 

'Vlti1U1);1 fll'l 11\IUN'Ufl'ltlUflf1) fll'l~m~ (l~tl!'il'Vl1~tl~1\lt\l'.i1fi1N);INil191~lrJlJli11'JJ) 
" ' " 

Torquebiau (1992) rJ\1 t~t'ff'Ufli1ti\1;5 (Indicator) rlmi'uYi1l11flnB'Ifl11lJrJ\IV'Ul'l\I'Yl1\IUI1fl'l'Yltl1 

a\lfi'JJ!!);l~lfl''l"llifl1l ~'liiflQ 15 1l'l"~nnt'1t~'I\911'JJI:l1~ufit:J fl\911'1fl11''lf~~1\IW\I'Ylmtl'llfl\I~'U V'U'Yl16 
" " " ll9ltJU);l~fl11lJ11l.nuu'U1'1lJ'IIfl\I~'U fi11'JJ9'f'U 'l'U~'U tl1mwu'ff \1~1'JJ'l~~ui''U~1\I'l 1 'U'ff1'U tl1mw th 

' " 
N'U Vit.u'1l11 'l'U 'l"~uu~1m~~ui''U ~1'1'1 fi11'JJ11);'11fl11mt~m\1;11m'Vl ~ \1~1t-t:l'U~fi'fl'l 'l rit.u'1! tl'l 'U 

~d. I 1 .q .::1, I I Q.l I .<Clt,l 

'l~UU U N\11'U l\I'U'Yl);l\ll'J'U91fl11'U1tfl1);11 l'!);ll'!);l~'JJ1);1'lf1il1'Vl\91fl11'U1ti'Vl);l\I\11'UU 'ff\1 l,J);lflli'!);IN);l\91~tl 

" 1 I I 

11U1t~Vi'U Vi~ fl11U 1tl!1 m tl1mw !~~lJ Vi 111t~U1l1fl 'ff1'UU);l~l1mVi'l i"ltJ fl11'111 fi11'JJ 11'U 1u u 'U'IIfl\1 

" ' ' 
al911ih~fl11U 1t1Vi'U Vi ff1'U fl\91 'ff111 m'l'JJ'lf'U U'YlVi fllfftfH);IHii \91 1l1 m~UU ff1'U 1' flU U ll.H ~'U 1~ fl~ U 

q q 
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~ \l J u m1 1t fl 11:::-H' -G'm.J~~ I~~ 1 n m1 ffml1flf \l if~\l ~::: 1t m1:::l1'l mm 1 fffJ l'i 1U\l;'~\l n ri 111llu 11 ~ n .. 
'J) I 'J} iJ I 

u~i u '\1 w::: t~fJ1 nu l'i 1U\l'1hnnh::: nTi hwm vn::: u~1\IO\l i u 'Yl1\liJ nff1'YlfJTU u t tlu l'i \IU\l'll'Yi !li fft!~ 

1. th:::1~fl11lJttl'Ul.J1'1JtJ\lff1'U 

u1~:::ttlu l'i1~mn~~~~u\l i ..ftliu o\lfl11lJ~~~u VJf1'1 ff' \lfllJ~1ttlu ~u\llimnH'1JI'11 i nffu~fl~u\l 
n1Jffm'Yiu 1~~ulJt~unnmhtJ~ lli--.ilff' \lfllJJ'U ~:::iim'J-wl'll'U1'Yl1\lt'Ylfl1 u hrio'I'J:::~1J I 11u ~mlJ .. 

" " . ' ' 
t'Ylflt 'U 1 ~ri U'U"J ~:::~u\lii~u~1'UllfftJ~fl~t!\ln1J'Yli'YifJ1mTi'J'Jl.J'lf1~tt~:::if \ltn~~tJlJIVl~tJ~nmYiiim'l 

-w l'll'U 1m'JfJli nll'\1 t!\lli'U llV ff .fl1Yi u 1~ li 'J'Jll'lf1~ ~dhmY 1~fi~u~ tJnnJ u 1J1J ff' \lfllltt~::: 11'll'U li 'J'Jll~ Yi ll 
q .. 

" . . 
"~""~,"" d o'~<!i ~ "' 'U ll fJff'J1\I'IJ'U 'U mw 'UtJ\l 1:::1J1J tnll \Vl'J m 'JlJ'YllJ'U ll fJ ff'J1\lt'Yi t!\01 t!1Jff'U t!\l fl11l.JIV1 tJ\l nnm Yi1:::'1JtJ\l ff \lflll 

q q 

" lT u '1 ff m'Yi'Yl1\llJ nff1'YlfJ1 ~::: t tl'U 1'i 11'i~ if'W 1n:::1J 1J tnll \Vl'J m'Jll i ~ ~:::iim11Jt 11 ll1::: ffll tl 1::: ff'Yifl11lJ 

~Q.t ~ ~ d 1 j} I ~ .J_q ~ .c!t ~ ~ ~ 
N~ ~ 1 f)fll'J1 ~fJ'lf i '11 t '11 'U 11'J:::1J1J ff1'U 'JtJ1J1Jl'U 'U 1 ~:::t1J'U 'J:::1J1J'YllJfl11lJfJ\lfJ'U t Yi'J 1:::lJfl11lJ ff1J t U tJ\l 

~~~ufiu lJ1'11mfJ41mfJflU TI1U ~ mffm~\1'11 ll~ttlu lJ'J~ f11Vl n'Yl tJ~lJ1'HmfJi1fl u t ~ 1'\J t!\l i u 11 ~~iT u ~ 
q q 

1!]9Jd 'J/ e:::t 1 j} ~ to \J)Y ~ ll) 
1

\J)rJJ
91 

! ~!'11 'U ff1'U 'JtJ1J1Jl'U lJtJfJU~1\Vl\ltl\Vl ~1fl11lJ ! ~ tt ~::: U1~:::t1JU 'J1 f)il'1'U 'UtJ\l ff \lfllJ t 'YlfJ~ \Ill ! ~ l'i\1 fflJ lJ~ 
.. ~ q 

I 

tl\Vl'J:::1J1J 

'J) I I 9) I I 

u1t f) 1'J ft ~ !~ tJ nvi'lf.yj ~::: tJ~ f111lJ fi 'U 1 'U 'J:::1J1J tt ~::;it fll'J fff 1\l 'J!:1J1JiJ\llJ !'11 ~N ~.yj ~ f)Clf \It 1'Ju tJ~1\l 0\lCJf\l 
. " 

ttlu.fliitlww1'lf11TI1'Ull l~f1Jff:::ffll -wl'llu1 u~:::ri1fJ'YltJ~~1J~ufium ;Ju\V'luu 1 'U fll'lfff1\lTI1Utt~:::l'i1 
" " " . " " 

ff1U~:::t1llt1'Ju ;Ju\VltJ'U~\lU 

. " 
tl 

<9 <9 "-'IIJ~<!I ~ II)~~ ~ 
4. ~f)Yi'lftJU"]'Yl\l !lJfJU\Vl'U !lJ~lJ')f11'11l.Jfl11lJ\VltJ\lf1l'J 

m ~N~~ 1 I tl~ t~u ntl~ n~'lf'lflJ~ 1~'1 J ufi m~umnllfl11lJ~tJ\lf11'Jt~unnil\l:Jf'VimfJ 1 umu1Jflf1t11'U 

Q.l ,djjj} ~..J .C. _9-i G.l : .a..&~.c!t,..d I 

11 ~ n t 1 lJ IVl'U ~1fJ m1tl~ n'Yi'lf'Yl fl~lJ~'Utt~:::IJ tJ\l nu mn:::t 'HfJ'U 1~ 1 n~u 9f \l t 1J u Vi 'lf 1 1Vlt'J1t'lf'U 'Yl tJ\l'H m\l 
.. q 
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9J o 9.1 d ~ j) .o=S ?1 ~ ~ Q.J 9 91 o:::~ <d ~ 

u a~ fHl1£J u t1 mnn 'il~ 'YI1'11'Wl'YiflmJ~'U ua 1'YI tl\1'11al\19f\l 1 lJ 'U ~'lf11 1 ~ na m £1\1 €1'nn1 t1 t 'lfU u fl 'YI 11 £J'YI . ~ 

mlllrrh:wnu~'J:::uu11n111 '11 u 11111 li'U 1u mmfl'1-H' nmmtluilv 1 u t1111'il'U 1 u~u fl'u11'lu mnHmh \1 • • . " . 
fltu m~~u 1-H'mm~€1':w~t~m1uan~'lf'lfil~au~t~1 iJ u t~n'illnuo\11~mlllm-mHil11'illnn~1m~t~m1o\l . ~ 

I 9J I I I 9J 

;~111m1a nnJ~vu 9ft~'IJ1£J 1 'U'\Jw:d1v\l hiiiHaHil11'lftJ ~B'U'l 1a£J 1u1~£J~11ll~'U u t~n'illnuo\llJfll1 
. " . .et .... I d 4 ~~ I & & I ... I ..:::t .<::::1 .d 'j) ... I .c:::! 

Ia tl m~rJ~ IJ'.j n'YIU €1'~ \1 tl\ljJlllJ tytyl tlfJl\1 a n9f \1 l'lf'U fl11 1J ~ nVJI 1£J'U 'YI'U 'U 'YI 1J 1'lfl11J l'U 'il~ 1J ~ nVJI 1£J'U 

" " Vl'u{1~£J1nu 1~£J1-*1~v~'l11\l 6 11 cu1~mw 24 lll111) 1~o~'l11\I'IJ'Ul~i1vhi-H'1~uu11n'\Jt~ -rn\l€1'tl\l 
. " 

~u 1ti1Ji1wm1 'UI1t~'l m1 uri-:mv\lu€1' '~ €1'11tl1'11lma~t'hlr;w 'llw::;I~£J1n'U 'il::;iJm1ua n'YII1£JuVl'ulilm u cu q q 

I " 9J I )I 

Vi'il~1-H'Ha 1u1~£J::;ff'u 1u1~'11il\I~'WVl\l€1'tJ\I Vi1:::£J~ 3 11 (th~llltu 12 lll111) 'illnm119i\l€1'lll.J~~l'U 
~ 'J) d~ I 9J 'j.l 1 

1Ut!\111'U nflt~ 'YII1£JuVl'ui'lul'il~l11~uu1lnVit~v~u ni1 ~\111 u~-:J1ti1Jnnuri-:Juv-:J1 'WI1t~-:J€1'11t11'1111 . . .. 
9J )/ 9J 9J I I t 

u a::; 'lhlfi~ ~'U u t1 n 'illnuo-:Jitl'U m1 1 -*rluViua::;~r;r\1\ll'U u €1' '11 ~ t!Vl\llJ'lh~ ff'Yii m~ €1' \I Vi €1'~1 ~11~Vi .. . 
" . " 1~£J:::Ml\l 24 lll11111 u'l11\11nu 1 tJ u€1'~'11-H'111uilm11i1t~n'lfiJ~'IJtJ\Irl'lfVi'il~tla fl'.htJnu't!u 'iJ~iJmnl1 

~ 

ltl1U'il~£J€1'm~u1~~ tlll~fflfityl.u'lml'i~ff'U 1 'il~1£J ~\lmniltn'l:l111m1ll€1'11£J 1 '111-itll'il'il~lltJ\I.u'lll 1 tJ 

2.1 fl1 \l'ff~l\I'Yil\lfll£J.fll~ . . . 
g) !i} .d 1 QJ ..:::i 0 ..::!i ~ <d A Q.J I I QJ Q.l 

Ull 'ff1'U 1 tl1J1Jl'U 'ill n'fftn'U 'YIU11 n111\l n'U 'YI 'Yil fl11 fl'n'l:ll 9$ \lllfl1lll! 'il 1ty'IJ tl\1 €1' \Ifill 111\l~fl111\l €1'll£Jn'U 
. " 

lJtJ\Irl'l11~nt~u'IJtJ\Irl'lfVl''U {u11 n~l\1 nu 1 t1 ~~~~1uiJ 1m \I€1'~1\IVi'ffr;ruci'ucH't~umi1t~unu~tJiJ 4 ~'U 
I Jl I 'j.l 

mlll€1' \1 Vitl1~nt1u 1 t1~1£J~'UIWWtJt1t~u£JtJ~ 11t~'U£Jtl~ IP~hnill1t~u£JtJ~ ~'U 1J!vitJua::;rl'lfflalJ~'U .. . . 
" . 

1fiH€1'~1\1'11r;rfl!'Jf'Uu~u1~'U1:::1JU€1'1'U1tJ1J1!l'UVl1 ian1'UI'IJ11~tl'U (Gillespie et aL, 1993; Karyono, 
. " 

1990) s~uuilnfl''Yil\11i11ll'lfl~Viii 1m \l'ff~l\1'11r;rm 'lfu u ~~tl 1~ u utln fl'ih1 'll 11~tJ'U 11-iil 'il ::;11'lu ih 11-i 

H r;r~ 1u '111t~ihHr;r~ 1u U 1J1J~ 1\1'1 'illn fl111 m£JUifi£Ju~tJm! ll'im)u nntJ nfl tlll'lltl\111 tl'U £Jtl~ 1~'11 il\1 
I Jl " I 

1::; uu 'ff1'U 1 t~u1!1u Vi ;;lnm1 u fl'i -:Ju fiu1 ~uuunfl'illl~\11 \1 Vi €1'mu1~ £J€1'~u n1l'lf ~'~ 111'~ u m11'lfiYm 

m~ u 1'U nnVl'~u lff \lflll'IJ t!\lll'4 '1:161 ~ nci11~t1 'illnU1~ €1'~ nnw~ 1 ~fu 'ff~ €1'llua~ ri lrJ'YI t!~ ~ t!'l nu 

m ll'U '1:16~ ~n \1 ;111 t~v mv 1~ 1i 11ll'lfl~1 ~vm1 I~U'\Jtl\1 il1-ci1ff111 11 £J'U ~fl1lll'l1 m n11a l£J'Iltl\11i nll . ~ .. 

m1:w{mlll1.u'11 'il1 'U1~1J1J~Ifl~llln~u 1 u ~~~ll'4'1:16~1u~vu 1(i;1111'i1t~u m11'lu m1~\I~'U~l'U~ 
. " . 

m 11 tJ ~ n 1! 1 u 11 t1 u u 'YI u Vi nn m lllv 1 u ih 1 u ih nn iJ r1 'lf'lftJ ~ ~ 1\1 '1 Vi 11 tJU €1''U t1 \1 fl1lll ~ t1 \1m 1 'IJ t1 \1 
~ ~ 'J} Q.l ~ .d. 'J} ~~~ d I dor:!t ,J 9) ~ Ql c(,d 

ll'U '1:1 £J nt nafl1111ti'U U'YI'U 'YI 'il~11tl\ltltln t UlnUlll'ill nillnfltlfl1lll r;y::;~1 n €1'mm u tl\111 u ~'lf~'U 1i 'YI . . 



I:'Ul.t1.Ql<H1~11.1 IJLI.\;:.W!.LlJftUU.LUl.M M.Lfl.fl.Q!.M.t,LHl.fl.;:!.M.I UL!.I:'Qf\.IJLI.\;:.W!.LULf.tU.IHLUULMH11611 
(6 l"='b J;:::o I (6 b p I 

L\;6 M.~ftLW ;:~mU-I.LQ !.L~(!M.~ \:1- l'nUffl.t\.1,1:' !.1111.~ npG 11.~~~1;:1.\ !:'~ 11.~11.1, Lf;t;:~mU-I.LQ!.L~ t-p11t-~ 11 
I If> I If, I /C 

!.LUQYI:'IJ~iU ~J.-I.I:'LIA.rtftl I:'WQ 11.f\.~U1;:1.\ IA.UI.fiJ [!M.Utf'J ~iU ~ftltYfl. ~;:!.IA.~RII.MI:'Qf\.UL!.fl.fl.;:!.L OQ Y .... F J:;:7 PI L\ I :' '=" F 1'0 p l? 1'0 f"• ...,. (6 1? 

~I':IM HWt ~ ~h lA. I:' :L:J.MUJ !LIA.~;:!.jlfti:'Lf'JQ 11.~ 11.1, ~QftiA.L 11.;:~ n!.U-I.W!.L~JT. I !.LU M.t,MUJ !L lA~ ;:tjll:-0 11. J.-1. 1 
" F b' b' 1=7 I b' I l="f" ; " b '="' '0' l? p 

J.-1. I 1:' ~~ 1111.Lfl. fl.Q!.M.t~ n.n.;:tM. I JT.MU L!.I:'Q 1\.IJL&;:.w !.LU LIJIA.t.YUM.I:'LIA.M. I rt~;:Lrtl-lirtLWM.fti;:!,ll.!.LU 
(6 l, (6 b }? b '=" b 't7 IV 

fl._fl-lL¥11.1JR~ftLLY(!~11 U Lft!JQ M.ft M.Lfl.fl.Q!.M.t~ 11. I UU. n.n.;:tt-Qf\.f'JL& ;:w !.LU fl.UtfJURf.tU.Y !.LU 
(6P (6 b 10 F l?' 

M.iJM.~Wt~~h~t-:L:J.MUJ!IA.g;:tj1(!~16~1':1~1':11:'Lk~!.LU 

1:'0 rtLWIJLft HftQf) ;:~11 ~hiA.t-:L:J.MUJ !LIA.~;:!.jlrti:'LIJQ~ I 1:' ~ 11;:m11A.M.M M.JT.f'Jl ;:!.j1$b I O!.Lrtl~ IA.fl.fl.;:!.M.fl.i 
lP I F t7 't7 J;::r I (6 L'l F :r,- "b f" ~ 

IJL~ HU L~HIA.I:'L!.~ 1:' Wl rt 1:' Jb M.Lfl.fl.Q!.M.t~ n.n.;:w Y M.Q 11.11. 111A.fl.~~Qf\, 11.11.1:'~ l., M.M.IA.M.LO~ ;:~m 11t 11:-tJT. 
F (6 1=7 f" (6 Jo7 I f' " : , ~ f' I 

11.1, ~hiA.rt~;:Lrtl-lirtltYrtiA.fl.fl.;:!.M.fl.i tl.tl.l'nU!.fl.t\.1 rtQ~~t11t-~;:~11 M.ULIA.!.LUM.tn.;:.w 1:-U.~HYl 
F l=7f' t,:) ;; '=" b rr, ~ o 16 

I:'L ~ H;:!. 9 ~ ~ ft~ Ill t Y (!~fl.~;:!,!:'~ 11.1.\ L rt!. LU L M.IM £- !;;~ k ~fl. fl.;: W ~ ~LJT.rt!.!. !L rt L 16U U ~fl. fl. ;:u ~ !.L U U 11 H 

M.t,fl.!.ftQIJLlJ !.LU ;:!,11 U iA.I6L$bft!.!. !Lftl Lll.ijt mn.n.;:tn.ULIA.1;:1.\ fl.QU11:' Jb I"l M.fl.iLYrt 11.~ rtb YJT. M ;:~ 11 
1'0 " I u b " Lt It b 1'0 I }? f"" l,:i • F=7 b f? 

Ubrt~Jf.M ~·I 11.111LYrti:'L~M.JT.Jf.M t'l 11.f1.1LYft~QIJI1.Q!.111.Jf.ftl 11.16 g·z; 11.f1RYft~QIJM.Q!.iQM.H111.Jf.ft! 11.16 
" J? IP I I=>' I 1'0 t? Jp I J;:::o 'fr' 1'0(6 Lt " tp I J:7 J? I? 1'0(6 Ill " 

" " "' 
L~fl. Mlf.tU~!. LUL!;t\:1-ti.L~fl.Q !.Itt~ 11.1, JT.f*I:'G 1\.fl.l,I:'Gf\.t 16 ~:-IJ~) !.LUIJ~ tl1L ~ Q~ tJ. !:'~ M.Q k161\.Rf.l.Yt 1 ~n.n.;:t 

' ' " 
n._vtn~m~mt,t-Gf\.t16Nl~1!.LU(!L~fl.M M.f* l'nt1ff1.:::~11 I:'L~U 11.~ ~Qf)ti.Q~111.~~m16fl.~L!frtll61:'~~~:::1.\ 

" " " " 
1:'~111:-Qf\.ftf\.irtLWLtl:'~~niA. 6 IA.I:'L!.LMULI.\ U~UI:'~!.LUU~J.-I.f'JULQUfl.f1.1111.1)~11:'U.~I:'Jbti.Lfl.fl.Q!.M.t~ 

" I F F I 1'0 1'0 1'0 p p " lf" " 

1:' :L:J. }f k Jl.f*~ ~Jf.t'Qf\.fll ~ J.-I.U L~ Hrtlt Y fl.£ t'Q!.lJ !.Lftl~ ~,V L ~ 

~Ltl.f\.\:1-tl.f*,t-1.1, L!;ttl.~fll~HI:'Lk~l:' !.Y l(!,t-1.1, t161:'fl~1~~!.LU 11.~fll~Hf1.1, L~UI:' :L:J.r:-~ 11fl.£!.LU 11.1, MUJ !lAg 
I (6 (!i If, 

;:t[bftl-1. 1, LIA. flQM.M.U 11.Q!b1A.f1.1, LtiA.~I':IMJ.-I.Wt~U flQM.M.U 11.Q!b1A.f1.1,1:'Gf\.11.Jf.M.t 11.L&rtL.t-L1111.Jf.f1.~:::!.11.1,Jf.M 
1=>'(6 0 " 1'0 (6 F I F " f' (6 1'0 (6 F ;: 0 p I ~ 1'0 f? 

\:1-!.LU 0"1 fl~tl1fl.l,I:'Gf\.11.~11.tti.L~(!:::I.\M.~rti1YJT.f*:::~11 I"l fl~tlmt,t-Gf\.11.~11.tti.L~(!Ui1rt»Jl.f* t7l fl~tl1 
I I (f, I If> I 

f1.1,1:'Gf\.11.~11.t ti.L~(!;:I.\t-L~ M.~Jl.f*\:1-:::l'nf\. L"l fl~ tlif1.1,1:'Gf\.11.~11.tti.L~(!:::I.\~QIJI1.Q~111.~$bf*G)ttl~U M.,V 
If> If> I I If, If, 

I:'Q » Y ~Q~ \:1- t 16 ~ ~!.LU (!~ M.,V l., I:'L ~ 1:' :L:J. rt LW 11.~ fl.~::: !.rtl M M.GkM 1\. R f.l.Y U~n.n.:::111.1, Jl.f* ~QIJM.Q ~m !}H 1 
' " 

1:'~111:'Qf\.~11.!b1fGj11 1"0 t-flM.11:'~11(!:::&M.~rti1YJT.f*l1.~\:1-:::~11 fl.~L!frtLMI:'~~~t-~111'nlrtfj1L~fl.M (L£~Z 
"' ',rnw L!. ~) 1:' k" m 1\.flt ,t-I.L f.l }l~_¥} M.~L flU .fM 1\.1\:1- fl.l, ~111':1Lf.l.YU ~n.n.:::111.1, L.t-L ~ 11.~ fl. ~:::!.rtl 16L rt !:'~ t-Gp \:1-

, " ' 

1:'~111'nlrtfj1Lf.tU~!.LUUL& ~h\:1-t-:L:J.MUJ!IA.g;:tj1(!HpGt-~11:::~11\:1-11.f*~1,!.LU(!,t-1.1, Gf*11:-Lk~I:'Wl ~~!.LU(! 
I I If> I 

11. ,!;lti.G k 161\.Rf.l.Yt 1~ n.n.;:t M..!;ll!A mn. n 11.~ M.IJ 1\:1-~LJT. rt!.!. !L.Yt 1 ~fl. :::tL~U flQ ,tWL~ J.-I.U L ~ J.-l.rtlt Y:i:l111 1:-Lk~ 
" "' ' 

1:'!. Y l (! ~111:-rJM-1 I:'Q m ~ M.Q k M 1\. 1Lf.l.Yt 1~fl.fl.:i:!.M.Q~~mfl~1~ U 11 J.-1. M.IJRfliA.S;t~I:'LIA.fl.Q U :i:!.j1~ I:'Q (!!:' ~ 11.~ 
' " 

1:-L!.~IJ fit itrt IA.Ut 1M. fl. fl.:i:!.tl.f111:' Jb M.L fl.fl.Q!.M.t~ ~h lAM. I rt~ :::Lrt J.-1. 11A. fl.Q U :::111 Y I:'QL HI:'Q ~~lA!. LU Itt fl. :::.w 
16 " F '=" tp f"' " F 6 F l"'..o 

ti.L~I:'Q~I:'~ fll~HUL~H~}M.~~~JT.UQg1tLUUL&~I':I UL~J.-I.f)L~J.-I.~YUlffl.YUlfl.~!.LUM.l,!.LUI:'Q)IrtLW 

17£ 

--

:: 
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' " " {1'lJ11{1'1HWr~ v~m11J~f1'\Jel.:J~'U .Yh ilimmri~u~~{1'neJl'Hl'.iU(;l~tJ1 i u~u i u {1'1'U'.ieJU.u'luln~~uti' mJ 

j} !J) I t 

!!(;!~ 'U elf)\11 f1U if 'l I iJ 'U fil'.i i .U{1'1'.iell'Hl'.iU(;l~U lCJf'l \1~ m~\ll£Jel~i 'U~'U Vi '.i~~Uf1111J~ f)~ l'l"l n'U miNfl 

,..I ~ ~ d 9) d.c:!i 9) ..:9 \1) I lll!iJQ.I I d 9) 

u '.i ~ {1''YJJi .fll'Vl {1' ~'YI {1'~ ~ 1f.J! 'H \9lf-l (;! fifl el tll'.i~ 1J U'.il fi'Vl'lf t'lJ {1'llJl'.itl \1~ ~ ~ {1'1'.i ell'H l'.i !ell t 1'YI'U 'YI1~'YJU(;l1 cu q q cu 

.. 
3. fl111J'H(;llf1'H(;ll£J'Yil.:J'lf1.f11'Vl 

IQJQ od c/ 3J.do .c!i l.c::S,I I I 

\11 fifll~'lf'U '\J el'lU 'lf'U 'U el'U -!1f.J!'U el'.i '\J el.:J '.i~1J1J{1'1'U '.i elUUl'U 'YI 'YI1 fil'.i fl'f1lll'Vl1J111J fllel£J'.i ~ 'H 11-:J 1.5 
'U 

~'~ 2. 7 ~'11f1~1i'it1'1 nmh~'lfU'\Jel.:JU'lf'U'U vu-(1mu vf~ 1~\llfifil'.iftmn'.i~uuiJnfl'ihi~.:Jf \l~ci'lJJl 
q 

'Vl'.i'lJ ~'I'Hi~iot;JiJ (W.:JElfffi~l(;l~flw~ 2522) u~in~uuiJnfl'ihi~.:Jf.:J\l~flrh~'lfU'\JeJ.:JU'lf'U'UeJ'U-
11muvf ftel'U,rl.:J~llrleJimti1J!'n£JUnU'.i~U1JlJI1fl'ih 1~UUU~'U"'] l'U1I'.i~I'Yifl'1 'YI£1 (Boontawee et al., 

oc;l 'I V d o V ~ ,d.,. c, 'I V"" ., 
1995) U\91 fill ff~'l tl1 !'H'U 11'.i~ UU ff1'U '.i elUUl'U!lJ'U '.i~UU'YI1Jf1111J'H m fi'H(;ll£1'\Jel.:J'lf'U ~J;! .:J tf1(;llfl£J'l f11J 

'.i~ UU lJI 1fl'li '.i '.i1J'lf1~~11 '.i lfit) e~1 'U 1l'.i~l 'Yifl'1 'YI£J ~ ~~.:JiiJ 'U ~ .:J~~'UtJ'U 1 ~ tl~l~ .Jf~ I \l'U il'.i~ 1J1J{1'1'U '.ielU 
1 , I · 

, dj "" .. "' 'J) a. 1 'I , "'.I "" <!I 'J) 
Ul'UI lJ'U '.i~U 1J'U!1fl' 'YI'lJ'lfhltlff'.il'l'\J'U ~£J ! 'lfel'l fl U'.i~ f1el1J 'Yil'lli '.i '.i'lJ'lfl\91 I'Vl el\91 elU ff'U el.:J fl111J\91 el'l f11 '.i 

i 'U f11 '.itJ.:J;'Vl'\Jel.:J'lJ'U lJ ~!! 'YI'U '.i~UUlJI 1r1ih 1 ~ li '.i'.i'lJ'lfl~ ~ 1J'U ll~lfl£1 1 ~~.:J'Vllell ff£Jel~I~1J f1111J'H(;ll£J 
q q 'U 

"'> .d 1 9) -~ 4 Q.l ~ .d r/ 9) ~ 9} Q.l lfl 1 1 

'H (;ll£J '\J el~ 'lf'U ~ 'YI ff ~ lJl f1 ~tim 'Wl~ tn\1 ~~ u'.i £JU I 'YI flU f1 1J '.i~ 1J 1J 'U !1fl''Y11J 'U lW ff'.il.:J'\J'U ~ 1£Jf1'U !el.:J t'lJ 11\1 ~ 
'U q 

1 ilu '.i~uuiJnfl'lfill \9l'.i m'.i 1J ih 1,r 11 ~eJ1'Uif1ll \91 '.i u ff~ .:J i1ff1u '.ieJU .u'1u ffllJl'.i\1\91 vu ff'U eJ.:J m'.i~ lH 

;1\9111'.i~ ~11u 1 ~~ ilu v~1~~~'lf~ 'Hmfi'H(;l 1ofl'.i1lu uu m·:n \11ruu(;l~ 1~ \1 '.i;1\9l~u\91 f)~l~ nu evf1 111 1 ilu 
'U u 

" ' " 
fil'.i 1-M'~u Yiu(;l~'Yif'Vl£Jlf1'.i\9111Jli'.i'.i1J'lfl~liu !1{1' 'I {1'1'.im'Hn !!(;l~Ul eJ~l.:Jfl1l'.i~-ff'Yiii mw{1' .:J u eJf1\llf1 

'U 

9J Q.l .d I CLI .d ~ QJ ~ 
'.i ~ u u ff1'U '.i vu u l'U £J \1 fflm '.i t1 (;! ~ f1111J 1 ff£1-:J \91 vvu \91 '.il£J'YI \1 ~~ f1~ \11 f1 m'.i'.i ~u 1 ~ '\J v \1 U'lJ (;! \1 fl'\91 '.i'Vl 'lf!!(;l ~ 

'U 

' " " i nrw'lfl'il'~"l iif1 l'.iffmnwu-:ht'h..t\91 '.ilt~vhn~ mn~m~'\JtNL :}Jv'.il'H 1 m1mN limn i ti' mn~~u uv~ 
' ' ' I lod Q.l 9J I 1 -' \Ji j/ ... IJ ..::::t..:::t\1) ')/ ~ ~ .o::::l Ql .:::1 

f111!!\911J'.i~~Ufl111J'.i'UU'.i\I'Utl£Jf111 'U'.i~U1Jf11'.iu(;lf1 t1Jul'YI1J t1Jf-lff1J'H(;l1U'lf'U~ l1Jfll'YIU1Jf11J'.i~UU'YI 
q 'U 

11~f1'lflJ~I~U1 (Montagnini et al., 1994) 

" ' 
'U tl f1\llf1U '.i~U Uff1'U '.ieJU.J l'UtJ 'In l'H tf 1Yi 1iJ 'U!! 'Hci \lff~{1'1Jf1111J'H(;l 1 fi'H mU'Yil\lfl 'U li f1'.i'.i1J~'lf 

q 

I I I 'JI 'JI ru v.:J \11 f111 \1 ~ontno1,r v.:J fiu m'.i \91 m~Yi 11li'Yru i ~'lf~udjv.:J~ v.:J {1'ruiYu 1111 ilu ~1u 1u mf1 ~1v~1-:J 
q 'U u 

1iu 1J~~1'~ \l~wuilu1J~~1\It~o.:J 1~~fflt.~Vl'ui~.:Jtilu~iJtJ1J i u\9lm~u(;l~nm'.i1l(;lf1 'flu 1 ~uri vf1-:iv.:J 
q 'U 

ll'.i~ t:UtJ1l{1'1f.l 'Yiel.:J~l J1~elf1 1,r 'H~el'HU.:Jf1m.:J1'U~.:Jul9i(;l~{1'1'Uirf1\1~1l(;lf11\l 'Vl1~{1'1f.IYl'Ut!'dtJ\I\llf1 
'U q 

fil'.i\91 m~!l(;l~ fil'.i~~ fil'.i ul9i1 'U fi'.iW {1'1'U '.ieJU.u'l'U~ .:Jii'H ~ f1 f11'.i11(;1 fi!~tl fil'.i tJ.:J ;'VlJ'U 'VlUiliif1111J 
'U 

'Hmf111mt~'\JeJ'IffltJfrui1Jlf1 tiu~vuMl wu·:hiifflt.~Vl'ut1J~~1-:J 5 Vl'ut11(;lf1f1(;l~nu111 1~uri 
.. q q .. 'U 
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Vlut'ff't.nJu (UIP1-:Jtl11) lN'ff1 mriv.:J '111'l1'1-:J u~1 M1v~umn[1ii'ff1vYl'u{vJI1vu~i1~~1J'u!l-iu11f1{J 

VV1lJIPll:l1~!!;W~tl Cl1-!1 '\JlJlJlJllUCI~'ff11'lflJ U'ff~-!ll1'ff1lJ1V1J1f1tJtfllJ~111Jfi111Jl1Cllf1l1Cllt:J'YI1-!I:Jf1 
'U • 

tllwmci.:J~111Jfi111Jl1Cilf1l1mvm.:JYl'ul!m11Jmh1fiv ii'ff1vYl'u{u~'V'li'n 21 'lfU~ 'ff1m 28 'lfu~ 

nt:1'1v 37 'lfU~ U11f1{Jtl~ (Falanruw, 1990) 
' " ' , 

£1-:J I u n1Tu u 1~ uu 'ff1'U 1 vu 1f1u ir.:J ii ff'nvm'V'l1 u nnYl' ~u 1m 11Jl1m n Mmv'\.ltJ-!1 ~ 'lft Viuu 1 n~u ~1 

)j fi111J ~ 11 flur~ tJt ~lJf'-1 Clf'-1 il1Pll11 Vf'-1 Cl \PI tl1JU 'YI 'U 'YI1-!Itfl''J EJ ~ fl~ 1lft l11J 1~ 'fflJ ~ V f111 Vl ~'U 1~ -!lfllJ nci11~ vii 
, , I I 

11V-!11lJ':hiifi'u !D'iuih~u~lJ'\JV.:JlJ1t"t9fv~.:J 17 'ffml luYiuli 676 t~nm{ liiimurhm.:J!f1EJIP11m11J . . . 
l11Vtfl~'lffl111J (Whitmore, 1971) 1'U1~1J1J1'Utf1EJ\Pl1'\Jtl.:JlJ11CltClfVii11V-!11'Ul1iiYi'lfih ~~ 19 mvmrf1 

" 
30 'fffJ" 44 'lfU~ U11f1{JtlQ (Ahmad and Abood, 1990) l11tJ1lJ1~1J1J!f1El\Pl1fl11lJU1J1J~-!It~lJ'\JtN 

' ' ~ 

U1~t'Yiffl'Y1Vii11V-!11lJl1iiYi'lfliU"f11Jlf)f1l1 200 'lfU~ (tVllJfff)~UCI~fiW~ 2532) 
'U 

"' 5. f111l1l.JlJt1VlJ 'ff11Vll111 

uuEJ611n'ffu l ~~~~~~ mn~uuilnrri'Yiv1~1JuEJ6'ffi'1-:J~u lM'tn~f'-IC~f'-l~IPl'ff .:J~'ff~ i~vm 'V'l1~tJr.i1-:J 
q q 'U q 

£1-:J f'-l"f'-l~IPl~t1luu1~ iv'lfu~tJlJ'4il6lu'\Jw~~1~uuilnrriP11lJ1inu'lf1~~~nm1~~m1t~tJu1~ iv'lfu~ 
I )/ I 'J/ 

iifi111Jl1Cilf)l1Cilt:J !l-im 'V'l1~U~Yh 1M'tn~f'-!Clf'-l~\Pl~ -!!li"'[~L'Yhuu ~~~~~tllu I utYitJlM'1~1J1JUlJiifl11lJ 

&-!!~lJtl111 iifi111Jt~flnlJlJ1lJ1lJUt:1'T:h'ff11Vll111U"~1-!1~1f111l1l.J'ULirJ'ULfl'UiJ~~V~1n~f111'ffi'1-!!~" 
"' l "' 91 .:, i1 ., liJ 91"' 91 f'-ICI\Pl 'U1~1J1JlJt1fi'L'\J\Pl1tllJ (Richard, 1952) ~'Ufll~'YI-!1 ~~1JlJ t~lJf111111J11lJ'\Jfllq!" 'YI~l:ltl-!1 UCI~ 

' " " 'ff1U~uiru l1fl11lJL~tJ~'If1 ci 111! ut rlu fi111J\11 .:J ~.:Ju u f111l11J ut1vu 'ff11Vll111l 'U 1~ u uil t 1 fl'~'l fi' V-!1 . . 
91 ' 91 1 91 ., " "'IIJ~91 
V1'1111~UU'ff1lJ1tlUU1lJ lJt'\J\Pl1fllJ'ff1lJ1Hl1f1EJ1fl111Jfl~lJ'fflJU1W'\Jfl'l~lJ n ~~ 

• 'U 

Q ~ Qt/ I I " t Q.l fj} ~ Ql 

U':ilJ1WVlJ'YI'HJ'ffnlu':i~UU U\Plf11':ifU'l11Vl'llJlJlJf1\1~U':ilff'illfl'UVlq!(;lt:JlJVlJ (Balasubramanian and 

Egli, 1986; Ninez, 1987; Torquebiau, 1992) 

' ' " 
fl11fff1EJ1U! 1fl'l'YIV1!'\J IPli'vu litnv1.UtJ'I nu f111l11JlJt1vu 'ff11Vll111llJ 1~1J 1JU L 1 fl'll'11i111J'lf1~ ih . 

~~ l11mnEJ\Pl1fl111Jl:fu i1rul11~ut1lum~ fl11m1luV!EJ'IJV.:JV"iiliu U{;l~f11':i'\.11~Ufl"lJ~fl'ff~flf'ff 
u 'U 

tr!uiltyl11~i'1£JUH~"'[~~flN"NiliPl (Olson and Engelstad, 1972; Fox and Kamprath, 1970; 

Stevenson, 1985) ~v'ffvJtJf'ffflUlJ'YI~6ri1lJ 1 mulu~lJL'IJIPli'tJu f.1fl~~cH1J~1ml1~f1U"~tJ"iJ,j' lJUlJ u cu cu 'U 

V'4.fllfi~'U ~'IYl'lftl-i'ff1lJ11f.1U1lUi'lf'u1~ i£J'lf'U1~(Sanchez, 1976; Uehara and Gillman, 1981) f111 

l~lJ~lJ 'Y1~611Plt~iiNmh 1..ft~uu7u1wvJtJ'ffvJvf'ff~Yi'lf'ff1lJ11f.1'il~U 1l ul 'lf'u1~ iv'lfu1~ u"~ir'I'V'l1Jl1 • 
u71J1W "'['YI i '\.1 fl'l~ V'ffvJ V f 'ff~ \] f1 ~ 1J tl~ 1J lJ V'4 .fllfl ~lJ \1~" ~" 'ltrl V )j U71J 1W ~ lJ 'YI ~ 61 \PI Q 1u ~'Ul ~ lJlJ1fl 
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g) I I I 

~'W m~rhth11~lJ1111fWHl~~\91 1110fl'l~'U1'Wf1l'H'lJ\91l'Ufl~c)f.lJ'\Jfl~~~'W'VJ~6ViVil'l·1'1h¥if.imHHllt1Vh'li'11U 

uri~~~ 'U O'Ufl'W fllfl'\J fl~~ 'W Vi 1 hf'vJ mrvloi'1:1unu ci fltl'eHl O'lJll rlu a '1:11~ ~ \llj nnvuilu 111 n f)l'J'VJ~ {;1 fl~ . ~ 

" 1 ~ ~ ~ ~ ~ ~ 

l'lfU Traina et al. (1986) 'HHI Hue et al. (1986) Uel01110'W Lee et al. (1990) tl\I'Vl'Ufl11'lJ'r:1'lJ'VlU1i 
I I I 'j) 

'J~W:i 1\1 u1 'lJlW fll{ 'U eJU n 'U'VJ eJ 1:1-vJ Di' 1:1Vi t1 n~ ~ ci' 'U 'U'W fl'W fllflft mij eJU1 'lJlW m{ 'UeJU!Vl 'JJ'r:1 \I~'W 
<IJ cu q 'U 

I )I I I 

vJ D 1:1-vJ Di' 1:1Vi u n~~ci''U'U u vwnf!~u 11:::{;1~ {;1\1 U{;l:::'Vl'U'hu 111ir nu '11' \1'\Jfl\l~'lfViu" n 1 u ~u Vii rivJv1:'1'1 vJ 191 
'U 'U q 'U 

" . . 
~ 1'JJ O'Ufld ~au 'VI~ 6 11~1:1 '~ ni1ll1'11 ir nu '11' \I'\JV\I~'lfVium1 1 u ~uVi1 rivJ D'r:11 'VJ\91'11 1D m~au 'VI ~6Dril'l1~ 

~ ~ 

DVl\llfd'IIVit~~Dril'll~t11 111flf111ffmn'\JeJ~u'Vl'lJ11191t~lm (2534) u'r:1~'11 '11'1{fu i1nn 1 .ffu"~ m1~~m1 

~~uljv'Vli'VlJ;~~flU1'lJlWVU'VJ~61191uiu~uu{;l::;f111'lJeJ~'lJ'r:1'lJ'U'JW'\Jfl\I~U i~tJ~u1u'J:::'U'UiAt1fl'~1#1 . . ~ 

ljtJ1'lJ1W V'W'Vl'1611'l(J f111'lJ~'\JeJ\I mm" mu~tJ'W fleleJ'W 'U1n 1m::: u1mw tili'J flllf ldlf "'m)u 1 #lu ri 

1u il'l'JI11U 'VJD'r:1'VJD1'1:1 i'Vlu'Vlff!;tJ'lJ U{;l~U'lJnul;tJ'lJ '!:1'1nil~u~ljnn1.ff~~u~\11M'u1mwau'Vl~6 
~ . 

Ql Q.l ~ 0 I 

1\91 tJ fl{;l 'U fl'W \911011 

~'W1110'r:11U'JD'U1!lu~Vilm'Jffmnijfilml'lJir!um~lrlu~l\1~1'!:1~1rlu 5.9 U{;l:::'r:1\1'!:1~1rlu 6.5 eJV 
q cu " 'U 

1 'W'tr1\I~'VJv'r:1'VJeJi'1:111:::eJQ1u~u~":::mmflijf11l'lJI'ti''lJ'ti'u~ '~~b!~ ~~~'lf'r:1l'lJl'JU11 ul.ffu1~ it~'lfu1#1 ~ 
Ufl~11:::ijfilfl1l'lJirlu m~uilu~l\leJ~'J~lfil~ 5.5-7 (Jordan, 1985) 1 U'\JW:::I~tl10UD"iJJ'lJu":::m~n 

~ ~ 

,d t=S ~ ~ I ~ ~ d .:::1 I~ G\ ~, 9) ~ ~QI Q 1 

tJf \l'lJfl1l'lJ 11J'W 'Vl'I:J \91 el'Vl'lf'W U n 11::: 'lJ fltll! fltl'lJlO t U ~U U ff1U 'Jfl'U'Ull! ll! tl\1111fl eJ "'JJ'W 'lJ II "~1'11" fl11 ~ eltl 
~ "' "' 

1 'W 'JU'\Jfl~ ffl'J" :::mtJ~ \1 Oel 1 '11'1fi~ ml'lJirl'W Vl'I:J 11 ~eJ~1 'W i1\lfl1l'JJI1'Ju m~11'Ju ~1\1 ~lflll 5.0 (Jordan, 
"' "' . 

1985) 

'ill n f)l'j I u1 tl 'U I Vi tl'UU11 ~ tl'VJ 1\11 fl ij '\J el\1 ~ u flltl, 'W '1:11 'W 'Jmnr lU f) 'U ~ 'W 111 n flltl 'W eJ n ff1'W ~ \1 flV 1 fl a 
~ . . " 

1fiitJ'Ifl'W Vi JlD\1 uDi111'Ju ~u 'lf'l1~1~tl1 fiu f11l'JJU\91 n~1\1Vi1fi~~u ~ Jl eJ\1 ueJi111'J u~" 'JJ111lfl m'Jij'J~ u u 

" 9/ 1JI l.c:::t tl <V I <> , 9) c:1, 4' 1 d. 

1:'1'1'W'Hl'IJ'Ul'WU"::: t'lJ'lJ~" )lfl!)'lf\91111'W11\91l! U 1:'1'1'W 'Hl'IJ'Ul'WlJfl11'lJ~\91'lJ't'l''lJ\j)W '!\! \lfl11 U elfl111fi'W 

" nl'Jlf'lJUt1t~u 1:1n flllfld ~V\IIfl~ ~u tl~l\liju'J:::iY'Vli fll'Vl'r:1 \1 ni1 ~\1m \91~"fteJ m'Jlf 'JJ'W 11t~u 1:1n flllfl'J 
q "' " q 

" '\Jel\I'J:::'U'U'!1!1ft'1i':id'JJ'lfl~'IJU'UO 1UL'\J\91~flUirU 

'ifil'l'\Jfl\1 1:::'U'U '!:11'Jflllf1J 11:::"\lri~u i fltJm:::'U1U f11'J~tltJ'r:1mmft''I:J COJflfl ~ 'llj'ifi \91 (~ \IJJ n11::: 1 #lu nlfi''I:J 
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1 ~~ !'~~fl1'lfl11fllJ UlHl\l'lfU\91 flU Vllll'l11 tn'Hll U ~~ tl1ffVlJ tlU ffl'l1t~V\l ~ fl~ -:wu 1lJ 1J Vi 'V'IU! ~'U tJ 'J~ ~ 1 

\/) j} I 9) ~ 1 ~ ~ d 
t\91Ufl m~u\91 (Iupaia glis) m~'Jtlfl (Sciurus sp.p..) ~~~~m~ (R.at.tu.s sp.p..) tn'V'lu1'Jtu1tl~1'll:.rl!~Ufl 

mu u~ 'ff'Jtli1 t11u 1t1mJ'1u iifi111Jff1Jfru .fi nufi111J'I1 mfl'H ~1~m'l'if1m'V'l'lltl\l ffl'l111' tJV ~~~~ tJ\l mh . 
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. " 

u u m u 11 ~ i1~ fll ~ 1wi \91 'll1\9l tJtJ fl1l1flfl'U ~\lu u ;1'111-i 1 ~ '111J1~fi111Ji1'J~ uu t11u 1 tJU u 1u ili 'ff11J1 1 milu 

I V I )/ I 

m~ 111~1~1111\l iJ 11i n1-l'lf1~ nu t11u 'Jt1uU1u 1J 1 fl fl11iY \l 'll11\l num ~1u u ~;{ t1 n l'i'l (lu !1u 'll tJ\llJ~ 116 
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~~~~'J~uui'inrruuu~1'l'lll1J~llv'ff~1\l;iu ii~ffflmm11JMmflMm~'lltJ'ltYI'l1il1Vi'J11Jn'l ufl a'\911 

" " , " " , ' ' .C:::.. o .C:::.. Q.l cr' ~ Ql o' e::!. CJ} o Ad QJ QJ fl Q.l ~ I 

'ff~ !'YIU U 1'ff~ !'YI'U 1J fl 'ff\911!~ tlVflmlJ 'ff\911!M\l~ fl\911~1-l 1U fl'YI1Jf1111J'ff1J'V'l U 1i flU 'J~1J1J 1U! flll \Ol'JC)f \l tl~ .. .. 
" . 1 fl~~\91 nu 1~ uui'i nrril11~1'111J1i n1-l'lf1~ 1 \91~ 1 i'1~uu1utflll 1'1 1lr u '1 1 ~u Vi t1~ m FY~ 1m ~\l mnu 

M~mff'um'l1~U~\9l~tJ1 tl~'lil1u1nw rlu'l 1 utl1~!'YirY1 'YI~ 'V'l1J'Ii'm,J~11 1umflmt1tJiifi111JMmfl 

Mm~'llt1-ltYI'l1il1 121 'lfu\91 mfll'l~i'ul'lfl 56 'lfu\91 mfll'l~i'utJtJm~v'lmutJ 63 'lfU\91 mfll'l~i'utJtJfl 
"" 'I~ "" di d,~d' 76 'lfU\91 ~~~~.fllfl t\91 53 'lfU\91 (Gajaseni, Matta-Machado and Jordan, 1995) C)f\l'lf '11!'11U111~1J1J1'U 

!fllll'l'J~'l1\9l~tl fl~1 u tl1~1'YirY1 'YI~l! fliiri'lfil11~ 1 'lfU\9ltl~fli11-lnuri'lftfllll'l'Jfln1-lvfl1li~'lfu\9l ~'lii 
Q,l Q.l 9) .,. 9) ~ jJ I 'j/ I .<:1 

fi111J 'ff~ u C)j'1J C)j'tJ U'll tJ\l t m 'l 'ff'J 1\l 11 ~~ m 11J 11m fl'H m~'ll tJ\l'V'l 'lfU t1 ~ m 11~ uu t11u 'JtJumu tl~1\l!'YI~U 

" " nu 1JJ1 ~~\l'ff11Jl'J tl!~U!! lf ~ \l 'Jtl'li'Um11J'I1 (11fl'l1 (11~'lltl\lffl'l11l1 fl1i ';j';j1J 'l$1~1 ~ ~ \l ii'l! TI~\l u lJ ~ \lU u;) \l 

11-i ~ tJ\l 'ff \l a'm~vi1 ffflmn'V'l 1 u m'J 11'1 uu 11~ \l'J tJ'lf Ufi111J'I1 (11 fl'H (11~Y11\l~1.fll'V'l'lltl\lffl'll'lltl\l'J~Uu 

~,mi'\9l'ff'V'l'J'Jtu u~ lmnu1tJ1Jrl'1u ~\l1~1'lltJ'lrl'1u ili~tJlJ il1'iim1 lJ;hha'11i' v.ui111~iiu nt~1tnffvmi . . .. 
" . 

tl1~mw 10 'lfU\91 ~1U1m.nflfl11 5o,ooo f1'1 1uriunth~ll1tu 6 1i (ri1wl~fmfa'l'l1il1 mllih1~ 

fll'J~\9l~tlff1'U fi'1) 

9. fl w tr flll w ~m\l !fY';jlJ! n" u (1~ a-\lflll 
" " fln1~~flf \lU!!~l1 1,i' tJfln1~~"~ ihMU\9l'lltJU!'lll'l11m 'V'l1~fl11ll'ffllm l'l'fflJ~(1Y11-:JUnrY1'Yimrvh . 

" . u u ~~~ 11 tr flfll'JU(1~ 111 \9l~(1'YI1\lU 11rY1'YIV11 TI~'ltJd1\l!~~11limu 11 ~tl1~1iJu m111~\l vu 'lltl'l 1 ~ uu 1 ~ ;1 'l . 
iJ fll'Jfffl1llfJW tr fllltu~'YI1\l1fY'Jll! fl 1l U (1~ff \l flll1,j'11 tJ~1~ ~(1 fll'J fffl1111li 'ff1lll'Jfi1 fll'J11fi'J1~,..f fll'J(1\l 

'YIU-fh 1 'J 1~1(1~ 1dt1\l1llfl 1li'ff1ll1'Jt1tl'J~1lJlJ~(1\9ltl1JU'YIU~ 1~fu 1~ 1'V'l'J1~~(1~~\9l1l1flri'lf!!~(1~'lfU\9l . 
j/ 1 J/ I f 

U lJ iJ 111Yit!fll'JU11ilfl 1 lJ flf11~tlU1~lJ 11tr n 'Htr-3 ul flU U 01~\l iJ !'11~tl~1l~!!(1 mtJ~~U! ~ tl1l1U nutritJu 
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<'I "" "" ~ .. 111.1 
r-.~ (;111 1 nr-.~(;1 n n rtnmr~ tlf'l(;lf'l(;ll'!11 1m~uu ""1u 1ti1J1Jlt.A tl fl11tl'l1(;11 n'l1meJtt(;l~ m ~ 111eJtltl n t IJI'! (;It~~ 

tf.:J1J l'l1l -H""1u 1t~u1!1u ""1tl110I'ItJU""u t~.:Jf111tl~ t~.:J m1 lu :Jf11'1111~ ~T1u 1 ~trlu t~~1.:J~ u t~n11 1nif 

fj) Ql~ <J) ~ ~ G I tdi "' 
""1u 1 t~u u 1u eJ.:Jtuu 11 t~.:J rtn£JTYI~(;l t~.:J'Yil.:J1i ntl'll'11'1tt(;l~ ""u 1tl 1~ fil(;ltJtt m~ n u r11 t~u m1tt(;l~'Jitl'll't.A 

l 'Vl 11~ \PI(;\ tl~l1m~l'l1 n11 ffn£1 111~'Vl1J 11tlJ 'lf1.:JtheJ ""1lJ 1tJ1J1! 1lJ 11~trlu ~ ~ n~ tllJ '\J tl.:J m muu (;l~lr~'U ~ 
'" " 

Q "* ~ ~ I d! ?1 ~ <!I d') I 

11tl'\JtJ.:Jl~ n l'U t~.:J111n"" .:Jtt1~(;ltJtlmm~""tlm1meJut~nmn"lf.:JliJlJ'YitJ.:Jt.ll'l11tJ'YI t (;l.:J 
' ' 'J) 1 ru t~.:J 111 n 1 li ""1m1 m1u11tl~ fltl(;l!OeJ1 tiur-.~ (;If'~~ m1.:J'I1 tl~Vi 1 ~ mn ""1u 1f!u1!1u ~.:J 1 li""1m1 o 

'" 
1t r1 11~ 111 ~i11~uu ""1u 1flU 1! 1u 1'111 -Htn~ m1i1.:J .:J 1t.AUH.:J ~ .:Jfifl"" m1~ m1l'11.:J1t.A ~ 1 lii1'1f1.:J11m~ 

. " ' ' 
utlut~u 1 -Hr-.~(;lr-.~~~'~lii1 ff .:Jr-.~(;11111~~ur-.~(;ll'lflutt 'Yiu111m~uuuu lii1 9f.:J mh1i111ju i:lrum11"n'l11~m1 

" 
f " ' ' " 

~hfity'\Jt~.:J'l11~l'YirtVifi1".:J~WJm (World Bank, 1982) u~~.:Jm~uu ~i1iY .:JViu.:J:)f11m111.:J.:J1t.AUH.:J !li 

l.IJ 3J ~ ~ 9 j} j} ~ IV d ~ Ql .::). fj} d ~ d\f} I 

t~tn~'\Ju t'U1~1J1J""1t.A1fl1J1Jlt.A ~1m'l11'1f'l(;lfltJ '11(;l.:J111n'YI(;l.:J'Vl'lf'l1(;lnf111J'Yin'll'u~um .:J1t.A'Yil'l1(;ltJfi ttl . . 
~t1.:Jm1m .:J.:J1umnu nu(;l~ 1li1'lf.:J1t.A'I1un ~.:J 1~un.:J1t.A~U(;l.yt1 111 ~1eJi'lf'lfvh~.:J~hi1~trlui:Jrum 

'" " . " . 
I .Q 9) .c:::i I o<=l Ql 1 91 ~ Ql 0 -' .e..lr) .. I <J) 'Ql ~I I 
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r-.~~l'lflnfl~ .:J'I1'U.:J 9f .:Jir u11trlur-.~(;l~~t~ff' .:Jfltl 1~eJ11tl U(;l~trlur-.~(;lttJ'YI1.:JU1n~t~~l'lt11'\JtJ.:J~"" .:Jfllm'H~1 
'" '" . 

1/J 11/J ~ 19 ~~ I 
ttl t~tl{J t'l1l1JW111~Ufi(;lfi'l1(;lllJ 
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"' ?I ~ lJlJllJlJ n11""11.:J 

. " 
fftl~'U1i m'Vlfiuuuutlu flU~u 1-Htn~~wneJ 1umt~ufi~1'\Jfl.:Jff .:Jfltl 1 'YieJ 

~ Q..< .J'q j./ d I j} I ~ ..d..::t ~ ~ ,:;:t ~ ~ 
r-.1(;111 1 n m1111 eJ 'll' t 11m u 111~u u ""1u 1 t~uu 1u u 111 ~ tu u 1~1J1J'YI tl fl11tleJ .:JeJt.A 1 'Vl 11~lJ fl11tl ""u tu t~.:J 

~~~t~tium'l1(;11eJi1mQflt.A l1jt.A1~uu~""~~tlt.At.Jili:ltyty1'\JtJ.:Jff .:Jfltl 1 'YieJ~ !~~u""~""tl ~Wit.A1 1m~ 
I ~ I Ql 

Oli:J'Yitl~ ""1JI'ItlfilJtl1 

<'I')~ I ~ ~ ""d o'~.x~ .. o' 
111 nnn rtn£1 1 t fl H ""1 1.:J'lJtJ.:J1~ uu1~ 1J 11""1t.A1tl1J1J 1t.Al1J u1~uuu nrt'Yimp'w""11.:J'\Jt.A ~eJtltJ.:Jfl 

'l11~nt~u'YI1.:J;1m'Vlt1ju'H"n 1~eJ~1(;ltJ.:Jtl1111m~uuunrtiht'\JI'I~flu 1~mQ'Vl1~fl~1.:Jt.:Jihr-~"~ 1u 
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I 0 t6 '1;;:7 J? &7 b''F:7(6 b 'C:7 " ,., I ... 10 t~tl .. )::7 I=" 

(( I If I I 
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IA.!.L ULQ !.L~ t-Lt U~WI2 ~ rt~rtlt ~ rt M.L 1111Q!. M.t~ 1111~!.Lt ~ i rrl~ 
F I I' J::7 tEi •tEi Ll.l"' 

M. M.l111 ~!. t- Q 1\.LQ lA. t.Y t 1M. t-L lA. 12M rt~ 
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" I I t( 

t-et-LpG~LMtlm~1 J(,~rt!.wii.M.~t-LIA.~LI2uuLI2UrtLwrt~~~t-~u~m~~~L,ttuL~:tt-QtJ.UL~uGM. Gt-L~Jb~ . . " 
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" chu fl11lJ :Jfu m t1 'h-.1 

I I 'J/ I 

n1u ~u ~ni1mt1u vnl'lmwn 1m iu mw'lle:J\Ie:Jtu'\1 flii~u 'i11'i1mt1l u 'ff1'Uir u ~-nllil'l1lJlJ1~tJfHJ'~~!l1tl 
~ . ~ 

" " . 
.Yh 1 M'~u iim1lJ'!1lJ:Jfu tJUI'lCltJ~nm . .. u e:Jfl1l1nih~w 11 {Jill u ~u l'i1il'liiY-IC~~I>ie:~ 
. " 

m~u1u fll'J'YI1\I~h1'Yiv1Yi1l~ tn~~u 1 u~u 

\11 n1 fl 'J \1 'ff~ 1\1 'YI1\I mv m~~ 'ff~ uiu ~tJ'U u" ~ fl11lJl1 Cl1 n11 m£J'YI1\1;1 fl1~'11e:J\1~'!1! Yivu !~£J\I i Jl ti'u 
. " 

'J~uuunft ih i~t'lll'l~e:Julitflmh1nQv~1 uu1nwirul1~vu1nw 1 ml't~£J\I .Yh 1 ..r~~UU'ff1'U 'JtJUU1'U 

iirrnvfl1~~1l~t11uul1~\I'Jt~\li'ufl11lJl1mnl1C~1£J'YI1\1;1fi1'V'I'IItJ\Iff1'111'11lJ1i'J~lJ'l11~iJ!t11uvu1\l~ 

Y-ICI fll':ifrmn tli'ff1lJTn11m'l1tfl':i1~M fll':iCI\IfJ'U-fh i ':i !Ji ttlt~\11l1fl ili'ff1lJl':ifl1h~tiluY-~Cll'ltJU 
d ll) 9)QJ ll] j} ~ ~ I A ct .c:l lJ) j} dt ~i G)_ QJ ~ ~ CV QJ 

!!'YI'U'YI t~':i'U t~ !~':i1~Y-ICIY-ICI\91\11fl~'l1!!\91Cl~'lf'U~'U'UlJ 11!~tlfll':i1J':i flfl t'Ufl':i1!'Jtl'U!1J'Ul1Clfl l1Cl\l\11fl 

ct g) QJ .c! ~ d ..,l.d ~ Q.l Ja j} 1 3J ~ .<::! _.J 'j) 1 9) d ~ A.c:lc::S.~ u u m£J\IlJ 111 CltJ n\l~!!Cl m 1JCl£J'U 111 tJ1l1'U nut~ tl'U u1u flClt':itJ'U tfi£J\19f \l'ff~ 'VI e:~u 11 mu fl\11fl'lf1 1'1 'II 8\lfi'U 

1 u ff' \lfllJ i 'YI£J~\It11u ff' \lfllJ~iifl11lJe:Jtli1lJfi t~tlflCltl'U l'11lM'ff1'U 'JtJUU1'Ull1l1U1~t11u ~tlnm\11 u m~ 
q .. 

" fl11lJl1 m n11 mvuC~~ m~1l1£Jtl e:~n i tl\91 "tl~ n\lil l'11lM' ff1'U 'Jtl1JU1'U ff1lJn fl\91 flU ff'U tJ\Ifl11lJ~ tl\1 fll'J 
" . . 

1 u '1$1191 tl':i~ ~1iu 1 ~t11u vu1\l~ utJn1l1 nii ff1'U ':i vuu1u V\1 1 11u M'v.:Jfrnll1'YI~" eN lit nt11 nuli 'j 'jlJ'lf1~ 

ff'U 1lJ!~ m~uwit~ n1 u mvu fli'1 u "~~ ff' \1 ff':i'Jfr nr-J vu 'II e:J\1 ~lJ'lf'U 
l1~\11l1n~"'~~'lfl1~ nmu'Yin'lfil~u~1 \11u~m~v~1l~t11u\11'U~~v\l m~u 'j \I\11'U ili1J1nir nu"~ ili 

q 

I I ' 'J/ f 

1 i'I1'Wl1ir n Clf\1 !Jlun\11'U~u"n1 i tl H~tJ~1£Ji'lf'lf~'lf 11U1Yim~1iiirn1l~ !JlutiN''ff \ltl1£JCJf\ltCltr1trl'11\11'U 
'U fU 'U q 

1911lJtln~i tlu~1 ~\ltl1uchuwd\l'lltl\lfl':itlUfli'11uff' \lfllJ i 'Yitr 1M' n~u1J1iid1u 1u m~u1u fll'JY-I~I'lvn 
, ~ ' , ' 

fli' \I'HU\1 Clf\liJu-h!11uY-~Cl~l9lvff' \lfllJ 1~£J~1lJ !!Cl~t11uY-~Cll'U'YI1\IU1nl>iv~\91 h'lle:J\1~~ \ltl1~!'11~1irwliv 
"' ?I 'J/ 'UU!lJ'U f11'Jff'j1\lf111lJ 

. " 
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