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ABTRACT ,.. 

The effect of growing media on growth of rubber rootstock seedlings of 

-as studied using seven different media including sandy clay loam (control), 

s charcoal ( 1: 1) , soil : coir dust ( 1: 1), soil: coir dust: rice husk charcoal 

: . : coir dust: rice husk charcoal (1 :2:1 ), soil: coir dust: rice husk charcoal (1 :1:2) 

_ - · roir dust: rice husk charcoal ( 1: 2: 2) . The results s9owed that application of 

rice husk charcoal mixture with soil in different ratios decreased weight 

g material by 23.00 to 38.60% compared with sandy clay loam (control). 

-= -nedia composed of soil: coir dust: rice husk charcoal (1:1 :1) provided the 

g growth performance at 6 months after transplanting with stem diameter 

and average planting material of 1.27 kg. The effect of different container 

:--'es on growth of rubber rootstock seedling was investigated by three types qf 

- _ =-: :' ting containers including smooth wall cylindrical plastic tube size 3"x1 4", 

: c:s-·c rod inside and the container glued with two and four plastic rods inside, 

a d filled with soil and mixture of soil: coir dust and rice husk charcoal 

- · ar seedling shoot growth performance among the three container types 

--=--. 6 and 8 months after transplanting in both soil and mixture of soil: coir 

::e usk charcoal (1:1:1 ). However, percentages of branch roots dry weight 

-- dry weight of seedlings grown in containers with 2 and 4 plastic rods 

creased at the upper part of root zone with the reduction of circling 

of 21.98-27.16 and 4.71-8.70% in soil and soil mixture, respectively. 

_ -==-~e -y, application of the growing container structures of 2 and 4 plastic rods 

-= - ea :ti h soil mixture of soil: coir dust: rice husk charcoal (1:1:1) could be used 

;:::::' oriate alternative protocol for production of high quality rubber rootstocks 
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2-:: al., 2010; Frangi et al ., 2016; Jaenicke, 1999; Gilman and Harchick, 201 4; 

e-:: al. , 2005) zj-1(9ltJt.J1-1'v'l111~iJlA1-:J?!{1-111rnbn1~ b~t..lVl1t..lVi~ eleJ~tJn&J-:u 1 f1f11';i (,)~ 

-- .:.11i1 fl 11ll Vl'U VJ 1'U vi el J7 t..l511ll'1J1 &i b 'l1'U elVl f)Jl t..lbbi.'I ~1.'lll'v'l1 t..l 1 'U~'U~.ll 1 fl L(,] 1 'LIU , ' 
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- _ lJl'U'LJeJ-:J~'Urn\1 (Gilman and Kempf, 2009) l'li'LI m1Hvi~nm1"1~ll(,]-:J11n 

'ling) m,~m1H Copper Hydroxide (CuOH2) lfl~ff\JU~rn;w:.-.1u-:i.n1'/l'U~U~n 

m u~:w fl1Wil~f1J l~'\J b(,)'LJeJ-:111 n 1~~ e:i ~1-:i bn(,)1:w m'llu~u~ n~1 off15~-:in~11 

- 11l'1 ~f1J l~'\J b(,) '11mrn ~ llfl ~'11u11 n 1;1 ~ 1;1-:1 l~ m u~c.1 u v~h.1u nu ~'LI n ~ 1~ 

~~'!flllfl~.171'/l'U~'Ufln~1:wlfl~elll CuOH2 (v-nc.111 bbfl~flru~, 2556; Amoroso 

,....., age and Gross, "1996) n71~ff\.'}7'1JJ-:i Dickinson llfl~ Whitcomb (1978) 
, 

--= : 985) 11c.1-:i1u11 m11 i.n1'/l'U~'\J1;1 n~iJ'1'U'U'Ubl 'U1~ -:iu~l 1ru~1ui1-:ie..iu-:im'll'LI~ 
" " 

'il'U-:l ~b ~:wiu bbfl~tJ-:1'1i1 c.lfl~fl11'1J~~1'U'1Jel-:111n 1~ '1-:J~i;l 1 ~~'Un~l 1 'U1~c.l~Vl~-:I 

..1/eJ?f.lll'V'Hbl~~eJ:w~1:wlVl:wl~?f:w1~~ ('V'llc.111 llfl~flru~, 2556; Nelson, 1996; 

- : .Ji-:i 1~vhm1~m.'}le.Jfl'1JeJ-:J1?1~ l '\/'17~ '117 llfl~ 1A1-:1?1{1-:i'1Je:i-:i.n~'ll'U~u1;1 n~ l vi:wi~?t:w 
' " 

- _ - - "1~~w.1m11n'1Je:i-:i~un~1c.11-:i'V'l111 l~eJb'Vl'U'U~'U(,)eJ~iJ1~uu11n~~iu zj,:i'1~ .,. 
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: . !:.11.:J 'W1'a1 

tl1-:J~1''j1:-riun1LtJ!il tl~Vll'Uelb:J.ifo11(,1 U~L 1 ru~:wJ1 LLtl:W~'1lmi1 U'U1~ b Vll61U11.a 1;1 
" ' I 

; !il tl:IJ1:W~U1 L:W~!il'W'U5tl1 l 1 'J1:IJ1 'U'1f1~'U1~bVll61~-:JA1u1 ?f1t!'U1~LVll611Vlc.J1v1:iJf111U1 b:W~!il'Wt!5 
'ti , 'U 'I 

:. 1-:i~111mu~n~rl1Lne:int1(il-:J i-:i"vli'lil~f-:i u ~ .161 . 2~44 1t1?1:J.Jc.J~1~t1H'lo}~1~u1~~'\o}j (rie:i.a:wd ru 

';~tie:i-:i) (n~:w1imL1;1~i\;l.Jt11m·rnt1 fo~~t1L1.1;1~J1ut1~t1~vl61l1'( 2548) 1t1'U'1'1'Ut1m-:i~1111. tl ti 
' ' ' 

"';' '!f~1 A ruvi1-:i 1.1611'lo}\ifl'1'Uv-:ith~1. Vll611.LflULm ~c.J~~f tie:ie:i mut1-:i 1\i1 1. '1lt1 1 vi c.J ~ti 11ilu 1.•ifo Ll.'1~:IJ11.m•fo 
V «s 

Otilll'U 1tiu ~.161. 2559 u1~Lvil611vit1 :we-.J'1e-.J~~m-:i~111mmut15t!l97U"vl~-:i'Ue:i-:ifan (4.16 '11'U(ilt!) 

';E) -:]1;'1,:J:IJ1 Ae:l ~'U11ilul..S c.J ( 3 . 16 '11'U(il'U) l.bi;,~:W11.m.Sc.J (0.67 '11'U~'U) (~1Uf1-:J1t!bl611'lo}\ifl'1 
"' 

11Lf1'lo}~1, 2560) 111c.J1-:J'11 f1\ll'Utl1-:J~1'J1 :W Aill?f:W'U~ fl'Ut11~1sii:W :WA11:W~!il"vl~'U?f-:J bl.'1~Vl'U!iltl l.b 'J-:J 
' ' " 

d 1~~ ;(i-:i'\11111½1. U'U1 ~fl~U~~1 Aill!il e) b-:i -:i1t1e:i~ ?f 1"vlf111:W"vl'11 tl'U1~ bilVl bl.\;1~?f1t!b de:i 1~ ~-:i b U'U 
q V q 

-;; t1~umi'n'U e:i -:ie:i~?11"vlm1:wL't'Je:i1fa'1e:i1 '1t11~zjm~c.J n11 "1~~n'U11" ('111;,e:i-:i 1.L1;1~r1ru~, 2550; 
' ' ~ 

~ l.J, 2541 ) 11ilc.J'1f1'lo}ill~~'U~ l.b'1~?fil1~bb 1!il'1tl l.J~b "vll.J1~?f:W!iltlf11'ab'1~rub~U 1~ 'Utl-:Jtl1-:J~111 A11 :W 
V 

"'~(ilum1:w~ n'Ue:i-:iwu1~m1.1;1~J11\i1~'U hl~1 n-i 1 1 L:W~'J LL1;1~:iJu~mruJ1 ~'U 1:i.J,.Y e:ic.J n11 1,250 

-"'fal.lm!ile:iu :w'11t11t11t1~t1~n 120- 150 1t1!i1e:iu 1.L1;1~e:iru"vlniie:i~1~"vl11-:i 26- 30 e:i-:imL'1!'1L.StJ ?t 
' " " 

~~ 1ut11it1m-:i, 2 555n) 

OJ ~ ii 21 

1.1 1;lf)'lo}fl.!~'Vl1.:J 'W (]n 'lo}\o116l~'a61.lel.:J ~ 'UITTl1 !:.11.:J'W1 'a1 

tJ1-:i~111:iJzje:ivi1-:i1vit11161 1 ?1~111 Hevea brasiliensis Muell. Arg. e:i~1t11-:if'i' 

- "...1'U tl-:Jl.l.J~!il l.b'1~1~tl~b1'11f11'JbflUbl.J~!il:IJ1b~1~ (1-a'tJ bb'1~Aru~, 2555; 1mfl?l'Ll bb'1~Aru ~, 

' ' -=.: ) '11f)f111flf)'lo}1'Ue)-:J 1il1fl?l'Ll bb'1~Aru~ (255 7) vi~u11 'J~tJ~b1'17f11'JbflUbl.J~!iltl1-:J~711vi~ 

~ ~ Jamnu lu1~c.J~~b:W~!iltl1-:J~711 b ~-:ii1-:i 1 "vl:i.J "vl~e:l 1:i.J m1bfl'U 7 1'U"vl'1-:Jbl.J~lili1-:J b tiv-:J'17n f111 

av1~~7-if 7tltlf11 '\J ?f-:Je-.J'11 i½\i1'UtJ 7-:J~7'J7:W f171b'1~qj b~U 11?l'1 !il'1-:J b~tl b 'U~c.JU b vi c.JU flU \i1'U f1'11~1~ 

- 1":ibflUbl.l~lil1t11~tJ~i1-:i1"vl:i.J 1 (Wongvarodom et al ., 2014) Chin bb'1~ Roberts (1980) 

I Q./ V 9.1 ~ I ~ dcv 

_ ... 11 f111~\?W'U7'Utl-:Jl?l'Uf1'11 tl1-:J~717 (?1-:J bbl?lfl71-:Je:Jf)'U e)-:J b:W'1!il:W'1 f)'lo}ill~ fl71-:Jtlf1bb uu Hypogeal 

n'U e:i-:i c.J 1-:i~ 111 L U'U 11 mLn1 "li-:i-w \?Wt! 1m '17 m 1 n e:i ffLl ( Radicle) ~ -:i e:i mrn rn..11 '17 m:w~ vi 

_ 1n\i1t1 f1'17'1~?f~7-:J61l!il17f1 bb 'U'lN'17t!1'U:IJ7 f1~1\i1U~b 1 ill1tltl!iltl'J~"vl17 -:J i;J7\ll'U?f1'U 1(,U U Li tJ-:J 
' 

- v1 ~mc.J 2 ~uv11~"vl'1-:JL~1~ ~u11 \i1t1f1'11:iJr111:wm111mLn1u1~mru 6 - 8 L'llt1~L:wl?l1 
' ,., 

-: lJtl 71 'J7 f1:IJ7 f1;'U l?l 7l.J tl7 tl f111'W l?W'l..17 vi b ~l.J~'U !i1 tl :IJ7U~b 1 ill 17 nbb f11 'U tl-:J \i1 ti f1 '17 '1 ~:iJ 
' I I V I 

4 o:::::l I I qo Vd o c:I 

... ~1ru e:ie:i f1:IJ7 l.b'1~:IJ11 f1'U'Utltl'U-:Je)f1~ tl:IJ7'17 m1 f1bb 'U'lN '1l-:JVl7"vl'U7Vl !il!il'U7 bb'1~57 l?lel7"vl71Vl 
,, " ' 
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' ., 
~ -:s i:lm u'Wi~EJ EJ1-:i, 2556) n11~w.J'W1'1J ti-:i ~'W n~1 b vhJ;m:i ~1-:i 11 ~ b ~1 b~'Wb~ EJ1 n'\J 

::: 11nl~c.Jfl1Wil~rub&l'UL\9l1'Wli11'Wfl11:iJ?l-:i'LJti-:i~'Wn~1 ~'\J11 ~mc.J 2 -3 ~\J~1ih1161-:Jb~1 ~ ., .., , 

--;::1EJ1111i1~-:i 15-20 b61f'W&lb:iJ\9li bbrt~i'imi~w.J'W1'1Jti-:i1 uriq'W~bii~.;i1nu~nrutJmc.J c.Jti ~ 

_ ';ttl~m '\Jtl1-:J~1i1 EJ-:JBtl'WoJ ~i'i~b ~ tll timY1\9l1rlbb~lf1tltl 1 b~:!Jb u~EJ'Wb 'U'W~ b ~tll b 'U'WlJ'W 

~ oJ~~ b~:IJ~ zj-:J6lfl~ru~'LJtJ-:J 1 'Utl1-:J~1i1'.9:l~ijtl1'W 1 'Ub'U'W\,llt zjtl:!Ji~Vl11-:J~1~'Wfl'\J bb~'W 1 'U 

.:-5 b6/f'W~b:iJ\9li bb\91rt~ 1 n1'W1'UAB 11u bb\91rt.,1mi~tJi~flti'\Jli11 EJ 31'\J~titl Vl~ti 4-5 
, 

-·?11EJ ~w1 b~'W RR1M 101 RRIM 103 bbr1~ PB 235 b'U'W~'W 1'Ui11ui1-:ibb'\J'\J1uhi ' .., .., 

:::;._ 1~tlbbrt~~w.J'W1fl1itJ'Wf mJ~'Wbbrt~J1umi'W~vh11 i ' 2548) t~c.Jfl1Wil~rub~'\J l\9l'LJB-:J 1 'U ' ., 

--~rub'U 'Wfl~:1J~ti~'\J~b1ru1n~bAEJ-:Jfl'W b~c.Jn11 "u\9li" b~ti~'Wn~1i1mc.J 8 b~ti'W '<il~i'i 
QI , '\J , 

., ~ 

1'.i'tJU1U'VfU5U1~'W1i1 
' 

- .. 2555 Ui~b'VlP1lvmi1m1ur1nc.J1-:i~'W6~ bvlti'Vl~bb'Vl'Wtl1-:J~1i1~'W5bfl1 .., , , 

.:~ ll'W~ti-:i1-ff~'W\9ltic.J1-:ihi~1n11 17 ~1'W~'W (?imu'Wi~c.Jm-:i, 2556) ~-:i V11 

- ~~~ ~'\Jb:IJ ~~tl1-:J~1i1'<il1fl~'W~'W5 RRIM 600 :IJ1~~\,lb'U'W~'W\9lmvlti~~mfl'\J , 
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~-"::·.~'<il1f1f11'Hvn:mJ~(Pl'\•~\J5 RRIM 600 hJv11.J~eJhr111fl.'1l11'1JeJ.:JcJ1.:J'v'l111 (eJb bb'1~r1ru~ , , , 

J1V1{Uf11'ltl~f1&'1-r1.:i&"JTUcJ1.:J'v'l1'l1'11tl1Vlfl!l) 3 15 (&'11:11'Utl1~tJcJ1.:J, 2556) 1vlbbfl 

1, f11'ltl'1f1vl1c.l~tl\•lel~(Pl(,l1 b'Utl15f11'lti~tl~elc.11.:J~iJel1cJ 6-8 b~eltl ~1vl'<il1f1f11'l 
'lJ I , 

a (Pl ,11 bb~tlm c.11.:J~tl5~:IJ1~ (Pl '11 m1tifleltl~tl~el~~~~1'11 b ~'1 cJ,:j hlii f11'lbb~f1 M.:ielelf1ll11~ cJ , 

-- L 1-:Jl)~ f1'\oJ-ill~b 'Utl~:lJ~(PleJ cJ1 tJ EJ1 t.1tl'1 f1'1.:J bb tl'1.:J zj.:Jf11'ltl'1f1vl1c.1fj5i1&"11:1J1'lf1Vl11v1~1 cJ bb~15i1 
, 'U 'U ,· 'U 

'.J11 utu~tl'1 nc.11.:i1 mJ~i1tl~:1J1rut11~mb'1 ~'11 u1J-fo~~t1~nueJc.1n11~ fl11,,ltl~ 1 ui1.:i~t1 
'lJ 

V , V 
• I ti O QJ c::i,,.::,I .::,I -di ti .::,I t,I &::f 

- m1 ll1 '1l eJ'<il 1 n~'1JeJ.:J1 nm 1t1 r1 eJ 11 mbm bb'1 ~11 mb 'Utl.:J u n'U 1 ~ '1J ru~ fleJ ti~ ti~ eJ'1Jtlll1 '11 n 

• .~:ueJ vh 11X~eJ.:ii1m1~~~1vimc.1r1f.:i 

3. f11 'ltl '1 f1 \111 cJ ~tl t.11.:J't11 fl .:J l 'U tl15tl '1 f1 c.11.:J'v'I 1 'l1~tl 'l~ &'JU e.J '1 '11 b ~'1 &'1-:J&'J(Pl 
'U • '\J '\J , 

~~f1 '1.:J 1 tlfl.:Jb 'v'l1~'111 15f111i1i1'LJeJ'11 fl(P)Ael ~tl~e)~(Pl~1~i11ll1 EJ1 t.1tl'1 f1'11b 'Utl~ e),:jl) f11'l~ (Pl bb~.:J 
'U , '\J 

"'~elel f1fleJtliJ11 tJ EJ 1 t.l"1f 1 '1-:J fl.:J b 'v'l1~'111 2) f11'l b 'v'l1 ~ bl! ~(Pl 1 tlfl.:J b 'v'l1~'111 (Pl bb'1 f m~1'1tl 1\11'1ltl1 (Pl~ 
, , 'lJ 

<.t ~,:j ~(Plm elcl1.:J hnm:u 15f111i1i1'LJeJ'11fl(Pl Ael ~t1ni1ii11f1'1J(Plif1tl'U~b1illfltlfl.:J '11b 'Utl~el.:J 
• 

·rn,111 tltl~ n 1 tlbb tl'1.:J~ el 1 tl1\11 '1 ~ b ~tl 1\1111 cJ1.:J't11fl.:J'<i)~l) f11'j'~(Pl bb~.:J'l1 mbfl11,,l~el';i1 f1'1J(Plif 1ti 
'lJ , 

{nm.:itl1~:1J1ru 3 '61 l~eJU'l'l'<il~tl) i111~U1t.Jt11b~t1~1t1r'!t1~nm.:i 3 :w'1fo:U~'l '11tl1tl 4 
, 'lJ 'lJ 

"~ 5-7 1 ~i11~c.1~v,1.:i'<i11nnt1m 1-2 '61 ~u11'1~t1~1m 1,,lUt.11e..i&"J:uuc.1~eJr1vJeJm vJ~ 1 o nf :u 
'U 'I 'I 'I 

• vn ~-ii1 (m:U1'1l1f11'lbf1'l'f~ 1, 2548) fa tJ m1e..i~ ~~t1ni1 tJ 1.:i'v'l111 b ~ eJ 1-il\ uu ~tl~ eJ 

_ - t,.:J 1 inm 1 t1m1btc.1.:i ~t1m11 6-8 b~ eJtl 1,,j~eJ~tl~eJm.:i'v'l111 ~ eJ.:ii1b~t1~1t1r'!t1~ f1'11.:J '1JeJ.:J 
'lJ 
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1~-u1bvi eJ nTm~li"l n i 11lJ 

f711b~e:in 1-u1?1\91 b v,i 1~'1J1~ilflru?ljj1J~ b Vlm~?ljj~ eJf711b'1~ru b~u bli"l'il e:i-:i ~u n6"11 Hf 
' ' ., 

v1'1b'U 'L.JB'L.JVl~cJ11i"11.l e)'U'L.JVl~cJlli"lf.l Vl;mr-:i 2 'IJ'U\91~?1Wl'L.J 1 ?l\91~'ll7m1-uL'U'L.Jci1'L.J~?ljj'/Je)-:J 
" " I , 

-ti1 m1L uu1?1\91~Vl1~7cJ 1 uvi'e:i-:i ~u 11fl11.1n 1~LLfl ci1mbn'1UV!;eJ'/JtJjj~Y-1111~?ljjflU~u 1 u 
' '\J ' 

-, ~L Vlm~?ljJL ~e:itlfut.b-:i bfl1-:i?111-:i'/Je:i-:i1?1\91b v,i1~i11 VtLV!m~cljJ~eJ f711L'1~ruL~u b(,l'/JeJ-:ici1u 
' ' ., 

;"1'L.J";i7n (urun'1, 2536; ~flljcJ bb'1~111'1, 2535) zj~l?l\91LL~'1~'1J'U\91lJflUJ?ljJU~v1-:Jd 
'I V q "I 

1. ~u (Soil) L'U'L.Jl?l\91~mi7'L.J~L~'L.JbbV!~-:i'ileJ-:JB7(,leJ1V!71~'17L'U'L.J~eJf711L'1~ruL~u 1(,1 
'I d.l q V 

• :~m'11nt111?1mcJll11'1leJ-:Jbdvti'll'LI\91~1-:i o\ ?11m11.1~1cJY-1cJ-:i~1~u'/Je:i-:i~'ll1 vf ~-:im-:i e:i ~1~ I , '\J 

-"";icJJl1 f11'1J1'U'5~1VlcJ1, 2530) bb~~'L.J~'l!7m 1 '1J1 'L.J f711L 'V-11~'1l1~'L.Jf16"17ci1u1 mu lJnbL 'LI'L.JviU 
~ ., 

- ~ t,1 cJJ11~~~ ci-:i~'11vf~un~11jj?11m1mL v,i~m~'11m1n 1~~L vi1~f111 (?llJ(,117, 2555) , 

.. -;'1\91L 91'l1~'1J1~ L 'U'L.J~'L.Je) ~1-:J ~t11i1J1V!unm n 'l/111 vf mn~ e)f71";j'/J'L.JcJ1t.ll.'U'U'1 f) b\91cJbu'V-11 ~1 'L.J 
, 'U 

,_. 

2. '/JtJjJ~v,i{11 (Co"r dust) L'U'L.Jl?l \91~1~'17nt111LLtl11tlLtl~eJnjJ~Y-1{11 zj,:iiJtJ~jj7UJ 
' ' '\J 

_·:fe:i-:i~ u '/JtJjJ~v,i{11L'Uu1,w11'1..,. 111.1\91\91-a'uJ11~~ (?1i1m1 , 2555) ilm1jJV!'L.J1LL'Um1jJ~7 
'I • 'U , 

., ' ) -i· um, 255 1; Evans et al., 996 

3. ci1mLn'1U (Rice husk charcoal) L'U'L.Jl?l\91~1~'17nf711b~7LLn'1u~u1u?1J11Y-1~ , 

- ·.~m~?ljJU1ru i1J1V1umu1 l "'uJ11~~ (Lm'tf'5lJ'L.J(,l{ 2551) LL'1~iltl~mruB1v11 u b(,l1L'1'L.J 
~ ~ ~ , 

'Ub"6t.Jjj?l-:J (tJ~mmru, 25-6) 
'\J 

-• b'U 'L.Jn";i\91L'U'L.J{;l1-:J (pH 

- :..rnfoe:iu (%) 

- 'i]'L.J (%) 

d?i (%) 

;1.;tJ jJ (%) 

- ~tJjJ (%) 

. 
,., 

' t .... ~Vl111 LL'1~1.l1'L.JLLf1'1'U 

~'L.J 
.., 

' '/JtJjJ~y.j";i11 1.l1'L.JLLn'1U , 

£1.68 4.72 7.92 

2.75 11.77 32.15 

0.12 0.18 0.47 

0.24 0.12 0.17 

0.56 1.19 0.89 

0.09 0.06 0.41 

C: ""':a.b~1VlcJ (2558); Rosenani LLl;'l~flru~ (2016) . 
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"~i1~~-il7 b Ut!l,lel~1JA rum.Ju~~ b 'vUJ7~~:w ~ el nTH'<il ~ru b~'\J 1~'1Je)~(,ltJmhvh 
S V 

V 

• c--;~~- 2551) (i)~'Ll 

__ r1rul;'f :WU~V17~n7!:J.f179/,j b tlt1r1rul;'f:wu~~1Aru~bM!:.l1'LJei~num·H'<il~ru b~'\J 1~ 
, 'I V f V 

- - --;~1m vimn1121~ilr111:w~:w~t1,5vi1~erei:w num'jh~ qJb~'\J 1~'1J ei~~'ll b 'liu n11 
I ., 

& cv o & b ..:::. cv .r:::,v 

--;t 7tl6ll el~'.i7n'j,',j'IJ Vl7n1i;'l~b'j,',j7~'1J7Vl'.iel~t!'llt!~t!t! 1 :W'1ff\-}11!~'1Jel~V17~n7!:J.fl79/,j 

--------,. '"1' 1~~'1liln11b'<il~rub~u1~~~ .g~r1rul;'f:wu~vi1~n1cJmmbu~~eicJL1i1 (m111ru, 
V S 

1) m1:wV1t11bb'Lit1'.i1:W (Bulk density) 1i;'f~b'j,',j7~'117~i11mH'b'j,',j7~'lJ~n'W'll 

- ~--~';1JeJ~1t1'1i1~ 1.2-1.6 nf:w~ei'1n'\J7121f1b'IJt!~b:Wm Vl7ff)i;'f~b'j,',j7~'1171JA17:W 
" " ' 

~"' u m'<ilV111~11n~61m ~m~'<il7!:.1Lli1'UeJ!:.I (fam~, 2556) luvi1~~1~nt1i1:wV11n 

- ~ - - ., t11bb tlu 11:w~1 bnt1l 'lJ '<il~ 1 ~~ti n~1 lJ.il;'f1m1rii~~'.i~ b Vl'WeJ1 "~ b 9f,j7~'117 Llil 
' 

2) m1:wr1~V1t1'1Jei~1l;'f ~b'j,',j1~i1 1l;'f ~~tl1m 1 -ii'm1iln11~ei!:Jl;'f'17!:J"11 L1i1-ii'1 
' ' 

1n1l;'f~~tl1m 1 -ii'iln11~ei!:Jl;'fr;=i1m ~1 bfl'LI l 'lJ eJ1'<il?l~t-JffeJt1~11 !:.l~eJ'.i~'\J'\J'.i7n 
' 

~ 1 , 2523) 

3) A17:W'j,',j1t!'.i1:WJ~Vl:W~ (Total porosity) 'lJ1~neJ'\Jli11!:JA17:W'j,',j1'LI'1JeJ~ 
. . 

d ~i'Jt-Jr;=i ~ein11ci1m vimn11211~V111~1l;'f~b'j,',j1~i1nuu11mn1121 1l;'f~b 9f,j7~i1vi 
' ' 

• -- •1,:w 50 b'lJei1b~t!\111~!:.l'lJ~mm (:wnm, 2544) 1~mtlt1'1iei~11~'1Jei~i!1bb'1~ 
' 

:: - d.-iit!\11 Vl7n1i;'f ~b 9f,j7~61171J'liei~17~'1Jel~J1mmnt1 l 'lJ Vl~el1Jfl7'1Jelel n;ab'<ilt! ~7 
' 

~ • ~:~vl61lV1!:J~'ll~:rnn11l;'f{1~11n1V1J.i b~eJ~'<il1m1n-w61li'Jn11V11!:Jh oJ7bU'Lil,leJ~ 
' 

-~ ='1~A ru~, 2557; Jaenicke, 1999) 

rul;'f:w u~vi1~ brii'l i1 m1:w~1Aru~ eim1:w b tlt1'lJ1~ bcJ6/l'U'1JeJ~u1~ enV11 '.i~'W6/l 
V S 

., 
~"' ~ 'lJ'.i~ b.fWI (m111ru , 2551) (i)~'U 

: fl7A1 7:J.JbUt!n'.i~bUt!~7~ (pH) bU'UU'<il~!:J~~7Aqj~elA17:Wi;'l:W\j'.itU'1J el ~ 

- ·1 pH i'Jt-J1;1~eir111mtlt1'lJ'.i~b!:.16/l'U'1JeJ~u1~mV111~r;=i~'17!:.leJeJn:W7'17n 

- :~mt1~b U'Um~~~ ?i~t-J'11 ~u1~bb:wnub;cJ:Wbb'1~b Vl~n'1~m!:.leieinmeicJ'1 t1 
' " 

- • '\ .. tlt1~~~ei-w6/lL1i1 bb'1~V11nfi1 pH 1Jl;'ffllt1~btlt1~1~dit1l'lJ '<il~V111~u1~ 

_ ::1;;iLbA '1b; !:.l:Wbfl~b Ut1l;'f11'lJ1~neiu~ll-i'1 ~'17!:.li!1 vr11 ~~61lll-1"1:w11ri tl1 • 



- ----------
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-- :'UhJ1'5'i'Uf11'H'1~qjl~Uh11~ (e:J'Jlj'HLl, 2551) zj,:ir11 pH ~lVl:I-Jl:::~lJ~e)A11lllU'U 

_: .,eJ.:J 611,leJ1Vl11vl'llmf1~~ti1 A'J j j'jf11eJcJ1'Ll'1i1.:J 6-7 ('U'U.Vl'tl,l1J, 2558) 
• • 'U 

2) A1f11j1,J71vJvh (Electrical conductivity) lU'UA1'1JeJ.:J~1j'1:::mmn~ el 

- 'll1 ~'1~'11cJ elelf1lll zj.:JA1f11j'U11 vJvi1'1Jel.:Jl~~l -w1:::i1m •q\J~nvl'llcil'Ul viaj hlA11lf1 'U 

- 'Llvi~m:1-J(,)j (r1ru1'111tlmr11'/l1tJ~Y11vrn1, 2530) vi1nr11m1'l111 vJY11~~.:iln'U 1 tJvh L 'M 
~ 'U 

-ru'Uel.:J 1elelel'Ulf1~eJm f1 lf1'Uf1111:::ii'u~i~h~ el.:J f11jzj,:i l uJeJ'U(,)jlcJ~el l '11'1~ 'Uelf1'11f1,d' 

- -;mJ11~UelcJ'1.:J mh.:ibnmll Al f11j'Ll11 vJY11~~.:i lfl'U 1tJ~1m1mlm'111~l t el.:J~'U~1 cJ 
,(;.... \J 

- "~f11j'/l:::il1.:i~1 mJ1 l ~ell~el'11.:JU~mrulf1~ el~'1:::m c.Jtll l 'Mj'jA1f11j'Ll11 vJv11'1ti1'1.:J ( mru . ' 
~ 2546) 

3) A11ll~l'Uf111ll'1mtl~cJ'UllAl,l1elelel'U (Cation exchange capacity) 

;'11m1ri L 'Uf111ti1ti1-a'uo11,l~j'j tJ1:::'1u1n'Uel.:J1~ti1~'l11m l tlt1ci1t1tJ1:::n elU'1lel.:J1~ti1 l 'W1::: i 1 
'\J q 'I 'I 'I 

- -1 l'1 f1lU~cJ'UllAl,l 1elelel'U~.:J ~1lJljf1'1j1cJ'1ti1U~mrum1'1l:::i11.:i51(,)eJ1V!lj~~rul~cJ 1 tJnu 
\J ., 'I '\J Cl.I 

_ ~· 1:::el ~1.:i ~.:J51{,) 1 'LI 1ml '1'Llll'1::: llll nill"lic.Jll zj,:i l U'U51{,)~~1m1ri rin'll:::il 1.:i el el f1'11 n1 ~ ti1 
'I 'I \J , 

- "ti ('U'LI'Vlfl,ltl, 2558; ~:D~11, 2555; Dumroese et al ., 2009) 
' 

• ~ -r~~ ~l Vl~el 1 'd'11f1vl'lltrmr f1'1:::iiu1 ~ellV!ljel ~Uelc.Jzj.:J l VjcJ.:J'Wel~ elf111l'1~ru l~U 1~ l 'U 
t.. 1 'I 'U V 

- "' vht1'U ('U'U'Vlf~tl, 2558) l~el~'Uf1ii'1l'1~rul~Ubl,l~ml1lU'U~el.:Jiim11cium~m~ll ., ' 
t., ,i~ rul~U 1{,) 1~el~1.:i~:1-Ju1ru (1'VlcJ1, 2529) u1~mvi11~?11Aru~elf111l'1~rul~u b(,)'1J eJ .:J 

V \J 'I V V 

~ ~';.'1 'U b'Wll'Vlm;c.Jll llllf1Ul"lic.Jll ll'1:::lVl~f1 lU'U~'U zj.:J61~lVl~1-d'nu'VlU1'Vl~?f1Aru~el . ., 

Q '1 :::n'UelU 1 u~J1~1'11 VllJ e)1f11j'1J1~61~llllf1Ul"lic.Jll l UU~l 1ruci1t1~1.:in~m;e:i,:i ; (i1 
' 

- "' ve:td ~ v ct vet oid.c;:t 

:.11 l '11:1-l ll'1 :::l,l'U'W'/l'Vl'Ul ti161 ~ l Vl'1 f1 ll~ ti1.:J ell f11 j Am cJ A'1.:J f1U'W'll'111ti161 ~ llll f1'U l 'IW:1-l . ' 
~ .ru\,11 ll VIU.:J~ ll~ (i).:J vl'll~'Ul ti161{,) l VI~ f1 lfl(i) ell f11jU~l 1 ruci1'Uc.Jel(i1 '1:::fi U l~ f1~ti1tJ f1 ~ 

' 

11l '1~ru l~u bl,l '11 el.:i11 n vi1 nvl'll 1~-r uu1~ ii'.:i n~111:J l v1 cJ.:J'W el v\'1 L 'MA17ll m1'1J el.:J 
V q 

1m1lf1'ef{,)1, 2543; ~flTU'Ul~cJm.:i, 2555'11) ii'.:itrmhlU'U~el.:iL'Mm1:1-J?t1AqJnu 

"'!::'5111eJ1 Vl1j~j'j{;.J'1 ~ elf111l'1~rul~U 1~'Vll.:Ji;11~'U 1 u ll'1:::11 f1 Vil f1~'Uvl'll1~fu61{,) . ., ' 

• 111::: ~:1-J ci.:Ji;.J'1 L 'Mvl'll1:uaim1m'1~rul~u 1~ 1~el~1.:Jl~ll~ (ll"11'ef~JJ'LI~{ 2551 ) ., ~ 
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• - "!" :1'1"1 b 9/-11~'li7~ bb(,1 fl~7--'.lfl'U 1"1c.J(,l'U(,1e)&\(>1(,17c.J7 --'.1 9/-11'a 7~ tJ7c.J'U'1 fl 1 'Ul?l"1b 9/-11 ~'li7 
' " ' 

,_ If !'1 ,: i.l I If ~ <V + ~ 
.. ~<;;:..Fl '1Vl: b9/-ltl'ab'1Vl : '1Jc.J).J~9/-l'a71: Vl~mm'\.Jm 'IJ 1"1).J'U7).J 'U: Ut.l'a eJ A'VJeJ'1b'VJ (,1 : 

u ci I 'I 

' ., .., ' 1 ., ' 1 iJ i.l .::,le:,. 

- ~ "'Ue) e)c.J e)(,)'a7?11'U 10:10:15:15:5:20:10:15 (>)c.J'aeJc.1'1~ ?l--'.le-J'1 Vf (,)'U(,)e)VJ(,1 (,1 

_ ~ ... 1 17.80 b'IJ'U&ib).Jm b~'U~7'UA'UcJfl"17--:J 6.~6 ii"1~b),J(,1'a '<ii1'U1'U1'UcieJ c.J 
. " 

-._ 8.37 (,17';i7--'.lb'IJ'U&ib).J(,1'a~e)(,l'U ~'1Jd~'U~1'\J 18.22 bb'1~ tl7vttlflbb'M--'.J(,l'Ufl ~7 

"\: 'IJ~ c.J '\Jb Vl c.J'\J fl'\J (ll'U (,1 eJ i~ m m--:i~'IJ "1 fl (911 cJ ~'U Oxisol zj--:i ?1€1 "1 A~ €1--'.I fl'\J 
" 

~ ;;,t1(,1eJ ~mc.J 8 b~ eJ'U ~'IJ'U7"1b~'U~7'UA'UcJfl"17--:Jfl7(,l'U (7.90 ii"1fo).Jm) ?1--'.1'1 "1 
, 'U 'll 'I 

- "-t1~b'1~ ru1'U1?1"1bY11~i1~~~mvtiJm : Uc.Jvt~ fl e1m 1'11'U 6:1 1"1c.J 'IJ~m (,1-a 
., ' ' 

,_, ,, 
._, V a+I V V I 1 a le,, .::.. .::,I d d 

: : ~:.. ~~111: uc.JV!).Jfl eJ(,1'a7?11'U 4:2:1 "1c.Ju1mm bb'1~"1'UbV!'Uc.J1 : '1Jb"1€1 c.J: . ' 

- = -
0 11' c1 fl7 -ab~ eJ fl 1 .ff 1 ?I "1 b 9/-1 7 ~i1~~ A ru?l).Ju&\ b vtm ~ ?l),J '1--:i e-.i "11 'M(ll'U fl~ 1~ 

' ' 
:. - · -;~111).J 1 '1"1~111m H'<ii1 b'U'U(lleJ--:Jvt1~1c.J 1 'U~eJ--:J~'U bb"1~17A7!.l fl b ~eJ 1 vt'1~ 

' " 

• .. ~ 'l ~?{),J~ e)fl7';ib'1~t1jb&i'lJ1(,1~--'.J'11'Uc.Je) (>) bb'1~'11 'U'a7fl (~t11ih , 2536) 

_ .!~ ~-'i 1 'd--'.17 'U (bA'a~'5~'U(,1{ 2551) ~--:Ji!'U --:J 7'U1~mj'~--'.I 1ti1'Vl7fl7'a'P1fl~7 fl7 'a 
"" 
' ' ,_, V c:,. .::!:i V I ..::,I ..::,I 0 V I 

- = ._ :.. '1' lJ fl '\J "1 'U b 9/-1 €1 VI 7 €J m 7 '11 'U Vl ).J 'U 7 VI 'U flb '\J 7 bb '1 ~ b VI m ~ ?I ),J (,1 €J fl7 'a 

--•-:-nb 'U'U(ll'U(,1€J 



10 

- .... ... ~'1ll~e1 n11e.J~ ~ ~'Ll n~1tiHiA ru.f11 V-1 
' 

';. tfl1'1f'Ll:::'U'1 fl~ b Vi~ 1:::?1~ b 'U'UU '1-D cJVi~-:J'lJel-:J fl7'a'U '1flvhi11½tJ'a:::?tum 7~'17 b 1'1 .,_, .,_, 

-; _;>:::~~'Llth~bb~fl~1-:in'U v1111½vl'lJiim1~elU?l'Uel~~elfl1'ab'<il~qJb&iu h1~ bb~ fl~1-:i 

-=- a :::Vi~-:JcJ7cJ'U'1fl'1-:Jbb'U'1-:J (Landis et al., 2010) 11?1cJvi'11tJ fl1'ab'Vn:::i1(?)'UfliA'1 .,_, 

;_:g,1;;i1fli!'a7f17flfl bb'1:::V11tel 11'lfm (muon, 2533) ~~h-:i hnmii fl1'a'U'1n!?l'UfliA'1 .,_, . .,_, 

-;=-"..J1 'Ll '1-:ie-m 11½'a1mrn-:i(?)'UniA'1iim'ab'<il1qJ 'llel-:J'a7n bb uu 1:wii'Vll"l'V17-:JVl~mJ1'U1'U 

-:::-51 (Jaenicke, 1999) b~el57cJ'U'1 fl-il7b 'U'U(?)el -:J iifl7'at>11?1 bb~-:J'a7fl'11'U~'lll?1lJ1'U .,_, 

• ';- •1Lbfl1bb'1:::'a7nbb 'IJ'U-:J V171,½(?)'Uvl'lJiJ1fl'a-:J?l17-:J'a7nbbfl1~~\?l'Ufl&i1:iJ bb ~-:J bb 'a-:J 1.J71 'U'1 .,_, 

:.. ~B,;rel-:lbe.J~rufl'U?l.f17~bbll?1~ell-1~1:iJbVilJ7:::?t~ b'/l'U '1~~7cJeJ'U~flVl1.Jfl b'U'U(?)'U 
" ' 

- _ 2010; Frangi et al ., 2016; Gilman and Harchick, 2014; Tsakaldimi et al. , 

- • -."..JU ~.I"! . 2553 bfl\?lel'VlflilcJbb'1:::'1~~7cJ1'Ll~'U~Jl7f11(?)'1Jel-:J'(h:::b'Vll"l1'VlcJ '1-:le.J'111½ 
' ' 

., 'Ll ti 7-:J~ 7 'a7-il 7'U 1'Ul-17 fl ?117-:J Al 7l-l b~ cJ Vi 7 cJ 1,½ bbfl bn ~~ 'a fl 'a ?ll'U ti 7-:J b 'U 'Ue.J '1 

~{1-:i?11'Um-:i1'Uu'<iJ;;iu'U~H'(?)'Ll~elmb~cJ1 ('Vl'a-:Jb~'Vl bb'1:::riru:::, 2557) Vi~elm-:i 
' 

_ £ ~ 0 vi111½'a7 nbfl\?lfl7'abfl~ c.Jl~'Ufl'U '1-:le.J'111½1il'U'Vl'lJb Vi~7l!'UiJ1fl'a-:J?l17-:J'a7 fl~ lil'Ufl&\ 

- - _ '"'~1 iib'<il~ru b&iu 1~.ff7'1-:i 1 m:::cJ:::Vi~-:JcJ7cJ'U'1fl b tiel-:im'<il1m1 fl'11'Ll1 miJ:w fliim'a 
" .,_, " 

•:. • '.J'l,-1'1 l-J'U '1 flb 'Vl 7 l!'U ~ 1.J 71 'U '1 (?) 'Uvl'lJiJ el 7 fl7 'aVi cJ 1?16/J:::r fl fl7 'ab '<il ~ ru b&i 'U b~Vi~ el 
, \I '\J , V 

~ _ ~-... m cJ1'Ll~?l1?1 (~ bcJ7l bb'1:::Aru:::, 2556; Cahyo et al., 2016; Jaenicke, 1999) 
' 

_ i"-.iuuii fl7'ael el mb uu bb'1:::~~'U7.f17'lJ'U:::tJ'1 fl'lJ'Ulil~1-:i '1 b ~ el'11?1tJ~m ru'IJ el-:J'a7fl~ ' .,_, 

'" .. _ blil t1~bcJ1l bb'1:::Aru::: (2557) 11'1Pifl~7fl7'a1.ffm'lJ'U:::tJ'1fl(?)'lJfliA'1m-:i~1'a1b~el1-ff .,_, 

' V 

,:- ~iJVliJbb'Ul~'U'U'U\917'U'U7-:J iJ'/lel-:J'a:::'U7cJ1.J7'1J'U71?1 3 :W'1~b~~'a -il7'U1'U 4-8 bbfll .,_, 

t 11um 'a bb~ m1 fl 1 Vi:W-il 7'U1 'LI~ 1 fl bb'1 :::illri'a-:i ?111-:i'IJ el-:J 'a7 fl~ m :::'<il 1 cJ t>11 ?t l-11?1 '1 . ' 
- - .!'-_ a 1m-:i~7'a7~'U'1n'1-:J 1 'U()-:Jb 'l"n:::i1 el~7-:J hn~7~ (?)'Unl;l7~'U'1fl 1'LlJl7'lJ'U:::'U'1 n 

'\J , 'U 'U 

~ fl .f176/J'U:::'U'1 fl~ iJ fl7 'a mu Al-! fl7 'ab;;)~ ru'lJel-:J 'a7 fl\911 cJ el7 fl7 l"l (Air-Cell TM) 
.,_, ' " 

';- ·~uU'Ubb'UlJ-:imcJ 1 'LI (Quadro Fondo Rete) b~el'LJ\?l'll17-:Jfl7'ab'<il~ru'llel-:J'a7fl~ 
.,_, " 

U.'1 :::.f17'lJ'U:::tJ'1 ne.Ju-:i b~c.Ju ~u11 (?)'LlfliA' 1~tJ'1 fl 1 'Llm'lJ'U:::'U'1 fl~1 off vi~ fl fl7'a .,_, .,_, .,_, 
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"'1 ~ Whitcomb (1978) eJ7-:Jb\>lt.l Mckee (1985) 'J7tl-:J7'W17fl7'Jb'li 

__ .. .. -:i-:imtJ1 'W?llm'Jri-d1tJ "'1v1fl1Wil1ru'tleJ-:J'J7hm.Ju1iJij<viPlvn-:i 11ii' b ~e:i-:i~1fl 

- - _ .. ~ tl"'1 fl~~'tiflt111-i½'J1flilb~1rubb'Wt ~:"'1-:i ~mf-:i~'W'W'Wfl-:J?llm'Jrim~(,)'Wb'M 
~ V ~ , 

- - ~ .. '1lJ'U~'/Je)-:J~'U'U'Ubb m~-:i~ fl~11?17ll1'Jt:l6/j'"JtJ 1 'M(,)'UflJ1:iJfl1'Jb~1rub~'U 1\,l~ . " .., 

= - - ';ta'V15.fl1'Wb'Ufl1'Jvlvitl7bbi;'l~51(,le)1'\ll1'Jb~lJt'U (mm1 bbi;'l~flru~, 2556; 
" ' 

_ :-- • e on, 1996; Rune, 2003; Schuermans, 2011) Rune (2003) 'J7tl-:!7'W 

- --~ .. :l:m'W1~-:J.fl1tlb'U1;'17ll1'Jt:l-d1tJ11½(9)'UflJ1 Scots pine "(Pinus sylvestris L.) 

-~--- -~--- = - =- • -J~-:i:iJm'J 1f'i'WJw;=1v1i;'l-:J b'W'J7~17(9)'UflJ1~ci'1mJi;,fl b 'W.fl1'1l'W~tli;'lfl~-:Jfl~11 
,,, " " 

- -j ;:-_ ,tl'Ubb 'U1 ~-:! :iJ~'U~fll'J fl'J~~l tJ(,11'/JeJ-:J'Jl fl~~ fl11.fl1'1l'U~'Ui;'l fl~lb~tl'U 
" 

' ' Q. ~ I .C::. 0 Q..I tj 

- - • ~ ii'! fl 'tl-1 fll 'J(,l eJ'U (l'U eJ-:J'tl eJ-:!'Jl fl EJ 1-:J'W 1 'Jl \,! eJ fll'J b 'WlJ ~ l'Ul'U 1;'l'U'U'U Vl eJ 1 ~ 
" .. 1 v ~I i) d .::ii d1 v ~ " d 

"' :. - . 111 b 'We) 'llb u'U(,l'LJ(,le)V]lJ fl n.l.fll'W lJ fl';i ,:J(l';i1-:J'J1 flbb 'tl-:J bb 'j",:j(llJ'l.J'Jru Vl 
' " 
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d 
'U'Vl'Vl 2 

I 
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.::. ~ Q..I ' i/ dd 
- _ T~'u )J ll'1~'\!'fU5t.11.:J'W111 RRIM 600 'l).1rnm . .1c.11.:i'W1"a1V1WJ1t.l 

' ' 

- "'~. m~'1ll~e.Jfl11l'<il1qjl~u 1~'tle.J.:J~1\in~1m.:i'W111~e-J~~l U'U\,l'U 

I .di / Q.J d .di .:::,I 

:.--; ';~Vl'J1.:Jl~e.J 'Un'Ut.11t.l'U 'W.v'l. 2558 tl.:Jl~e.l'Ull'U1All 'W .v'l. 2559 

• _. -; ,~{1-:ill~ n~ 1-:i n'U~ eJ n11 l'<il 1qjl~'U 1~ ll'1~ n11-wvlJ'U111 n'tl e.J.:J 

!. ~~ • ~1'1l~ e.l'Ull'Ut.11t.l'U 'W.v'l. 2559 ~.:Jl~e.l'U'Wt]~Jl1All 'W.v'l. 2560 

- - ';5';·D..,'1!1 ~ l!Vf 11 Vl t.111;1 t.l '1-:J'tl '11'U A 1'U Vl { 1 Vl t.11 l 'tl ~ Vf 1 ~ 1 VI aj 

1 "1.15 RRIM 600 , 
.., 

tl'U1~ 4.5x 14 'Ul 

-;=:-:. 1 °r 111 'tl'U1~ lx4x0.80 lll~'a 
,., ., 

" ~ - 'U1~ 10x15x3.5 'Ul ll'1~'tl'U1~ 13x20x6 'Ul 

• : .::-:5-15 ll'1~u c.1~e.Jr1vfom vJ~ 0-3-0 
' 

-~-;-: :'UlJ '1 50 WP (leJ°l'JeJ{t.1 500®) 
'U 

: loride; PVC 

- e e; PE 'tl'U1~l~'U~1'Ur'l'U~nm.:i 25 :W'1~lll~'a 
'U 



=~iiL:w,n 

1hM iu DRIP C, Super
1 
products 

e- 1lformamide; DMF 

"'~1G1~ui)u~n11~u r 
! 

.. u :::E 800, Memmert 

=- €:- 2 lii'7bb'Vi t!..:J ju PB602-S, Mettler Toledo 
' 

14 

.. .. ~- • .., ~enn1P1 (Data logger) iu TM-305 U, Tenmars 

-:- _ -DlilJ1eY1,1foi(~ iu 1151 e, Super products 

~ _ ni .uu~~\,l eJ~ ju 101-2601, Jedto 
' ~ 

=-~ 1~;1afa1,1eJflu1uw'll iu SPAD-502, Mimolta Co., Ltd., Japan 

--~-., fJ~t!bbG'f..:J ju Evolution 201 , Thermo Scientific, USA 
'I. ' 

,., 
~el..'.1~7t!1U 2 n7TVlvl~el..'.I (;l..:JU 

-:::-J1~iJJ 7'\IIU n bu 1 bb~ ~ b VllJ7 ~ GilJ ~ eJ n11b oJ ~~ b~ u 11,1 'll eJ..:J 

S., IV I ..d ii i.l Q..I d 

_ t ·n-:i Bm1~1u 1:1 blJeJ\,IUnmm..:iY-1111eJ1c.J 211u b~ eJn 
' 

~;> . vi 51,111 10 n-fo~m1..:i 11..:it1..:ibY-17~'1111ubbu1;1..:i~iJm1.1vi J1 il 
q 'I 'I '\J 

. · ~ .. , ivii B~1mh..:i 71.25-79.38 bi.JeJ{b~u~ 11i1tl1vin-fo 
~ ' 

• - 1~~mc.Jtl11u5m1 1 nfan-fo~eJJ1 100 ~1,111~r1f..:i~~ 

..,1 ~~Aru~, 2556) bb~~51il-wumueJ..:i nubim1J11mu foil 1;1 
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::2 'lm. (i;1t11U'U1~mn..:i, 2555n) zj._:i -fo!?lb'W7~6/J'.lbb~~~m,11il~..:ii1 
' 'U 

1. ~'LI Vl~e)~'UfJtlbVl'Uc.J1U'UVli7c.J ('1J!?lfn'Ufll.J) 
' ' 

2. ~'LI: ri1'Ubbn~u eJ(,l11ci1'U 1:1 (L1?1c.Ju1m1,p) 

3. ~'LI : 6/Jc.Jl.J~'W{11 e)(,l':ilci1'U 1: 1 
' 

4. ~'LI: ~c.Jl.J~'W{11: ri7'Ubbf,l~'U eJ(,li7ci1'U 1X1 

.:::i, V I CV l I 

5. !?l'U: 6/Jc.Jl.J~'W111: t11'Ubbn~u e:im1l;11'U 1:2: 1 
' < 

6. ~'LI : 6/Jc.Jl.J~'W{11: ri7'Ubbn~u eJ(,li7ci1'U 1: 1 :2 
' 

1.3 m1u'Uvinie:il.J~mwil1rub&lu L(,l6/JeJ..:J~'UnJ1m..:im11 
'U ., 

::"' 6 b~eJ'UVl~..:Jtl7c.JU~ n (~7'LI1'U 4 J1 1 ~~ 3 ~'LI) 

1.3. 2 ~1'U1 'LI1 u ci e:i cJ uu~ 7'U1'LI1 u ci e:i m~:..:JVllJ!?l~il~ m~Hu~ b ~ c.J1 bb~ ~ 

V I ~ oVv.:::. ,d,l.:::i,.:::i, .:::i, .d 
1.3.3 bi;1'Ut:-J7'UPl'Uc.Jn~7..:J6/Je)..:Jm(,l'U 1!?l'Uib1rubVl'UeJ~1!?l'U 5 b'IJ'U(,lbl.J(,li Vl 

'U 

_ ~eJ 'UVl~..:JtJ7c.Ju~n (~1m'U 4 J1 1 ~~ 3 ~'LI) 

1.3.4 b~'Uie:iu1..:i'tlm~1~'U 11?1u1 b1rubV1'LleJ~1~'U 5 b'IJ'U&lbl.Jm vimc.J 2 4 
' 

= :l'1c.Ju~n (~1'U1'U 4 J1 1 ~~ 3 ~'LI) 

1.3.5 J1viunl;11?1 J1viu nbb 1½..:i61.J e:i..:ici1'U cJ e)(?l bb~~ci1'Ui7 n L!?l c.J~7..:Jll;1!?1 b '1"1 7~ 
' 

~1n6/JeJ..:J~'Un~111½l;1~e)7!?1 1,J7~'Un~7~..:J~l.J11½bb 1½..:i 1 'LI~~l.Jbb~1-a'..:iv11mfl~e)..:J-a'..:i~~b8c.J!?l 

;011ci1'Uc.JeJ1?1bb~~ci1'Ui1n ~1mTt!tl11ue:iu~e:iruvi.nii so e:i..:iP11b'/Jm;c.Jl;1 b'Um1m 24 
' 'U 

· -~~e:i~c.J1iiru, 2537) b~e:imun1V1'U1?1tl1~'Un~1~~7'Un7ieJUm-a'..:ib~e:ivi1tl1viun 
' 

::;;ci1m1n~mc.J 4 bb~~ 6 b~e)'UVl~..:Jtl7c.JU~n (~7'U1'U 4 J1 ., ~~ 1 ~'LI) 
' "' I 

1.3.6 eJ(,li7ci1 'Ui~Vl17..:Jc.JeJ!?l~m1n (Shoot to root ratio) b'WeJUi~blJ 'U 
., ., ' 

I O O c::il 0 V V ll V c::ic::il .c::,I O 

"· 11 ..:i n11m c.J'U 1 bb~ ~ m i!?l !?l~ 1 b~ c.J..:J'U 76/J e:i..:i (,l'I.Jnm (,l'U n~1V1 !?l A1 il.J 11 n~1'U 1 'U 
'U 

., ., 
eJ(,li1ci1m~vi11..:ic.Je:i1?1~ m1 n = tl1viun bb 1½..:i61.Je:i..:ici1'Uc.JeJ1?1/ tl1viun bb 1½..:i'tl e:i..:ici1m1 n 
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., ' ., 
: 3 - tl1 V!'Untl ..:Jb'W1~ '1l1 -U..:Jtl1Vlttntl..:Jb'W1 ~'1l1':i1 :lJl'lt.lnJ1 'Vl1Vln ., b~eJ 'U , , , I 

- _ "u) '11m!utl1fi1tl1V1ttn~1{il mV1:iA1bu~tJ'lleJ ..:J tl1V1ttn1a\1lbm~i1 
' 

. 2559 '1 1namu~~1JtJ:lJ1VltJ1a..:J'IJ'11 ln~:lJ..:J 1'UeJ1n11"1bn~(,lj!?)1 Ul;, 

~;ia..:i'llm 

n1 j b '-il~ (1:J b~'\J L(,l bb'7 ~ c n 1 ':ivl ~'U1'1J e)..:J j 1 n l'l'U nJ 1 tJ 1..:J 'W1 ':i1~'U ~ n 1 u 

- -: ,.Jbb(,ln ~1..:i nu , 

_ --1 fl '\Jj1'\J':i11Jb:lJ~(,ly{'Utfo1..:i'W1':i1 RRIM 600 '-il 1nbb'U'7..:Jbn~mm ~'LI~ 
' 

' ' 
€ - - J1 e!..:i '11J 1 uvi·fo 1 i½'We:iVlm\11 

..=...=. - 'i'U'7nbb'7 ~n1 j \1lbbffrn~1 U1b:lJ~(,ltJ1..:J 'W 1':i1m b'W1 ~'1..:J(,l~n{1'Wma ~n 
~ ~ . 

' ' ' 
""';;'~'U bb'1~1a\11 b vi1~i1 vir1\1lb~e:in'-il1nn1':iVl\11'1eJ..:ivi 1 'IJ..:i~~1mrn1J'lleJ..:J~'U . ' 

... ~~u e1m1 ~1u 1: 1: 1 L\11 tJ'lJ~m(,l':i ;..:i1a\11 b vi1~ i 1J ..:i 2 ~1 .rr~a1JutJ~eJ fl 
' ' 

' ' 
:a- ;:~tl 41.09 e)..:J\617b'lrnb';tJa e)tlJV!JliJ1?11a\1lbiJ~cJ 24.20 e)..:Jl'f1b'lf'7b"l! cJ a 

' ~ ' 

-; _5-1 5-15 tl1m'1~mcJtl11ueYm1 1 nfan{1J~e:iJ1 100 ~m 1i½A.f..:i '1 ~ 

-€._;'!~ 1 A-f..:i ('WbtJ11 bb'7~flru~, 2556) bb'1~ut,1yjumue:i..:inm(m1(il1cJ 

• : ~\,l j b~ eJ'U'1~ 1 fl.f..:i b~e)Ue)..:Jfl'Ubb'7~f71~\11'1Je)..:Jbjflj1bbU..:J~bn\11'-il1nb(m1 

-~ :J'Ul~cJtJl..:J, 2555n) L\1lcJ~Jl1'1l'U~'U'1 n~mflj ..:J a{1..:imcJ 1 'Llbb(,ln~1..:J fl'U 
~ 



bb vi~~m~&im,n.n 

4 fo,fo~~i 
,., 

fl11~ffJ1~ 3 'U'J 

,., 
'/je)~j~'\J1t.l'W1 

4 i'.Jr~ b~~'i 

17 

,., 
14 'U'J 

-_ , .... n m'tf'LI~tl6'ln~1b~c.1u (n); m'tf'LI~tl6'lf1~&i1i1bbvi~~m~&inmc.11'LI 
" " 

'_."tl6'ln~&imbvi~~m~&inmc.11'LI 4 bbvi~ (A) 
" 

: ~E::. '1~~1c.1tJ~n (~1m'LI 4 J1 1 6'1~ 3 ~'LI) 

~ - 2 .i'U~1'Ul'l'UcJfl611~'1JeJ~J7~'U 1\il'U~b'Jillb'Vl'Uel~'J~'U 5 b'IJ'U&ib~~'i vi 
" 

= { :itJ~n (~1m'LI 4 J1 1 6'1~ 3 ~'LI) 

~:: ~'U 'ieJ'Ul~'/JeJ~J1~'U 11i1u~nru1r1'UJ1~'Ubvttfo~1~'U 5 b'IJ'U&ib~m 

= i -mJ~n (~1m'U 4 J1 1 6'1~ 3 ~'LI) 

_: -

0

1'U1 'U1'U~elt.l tJ'U~1'U1'U1'U~iJ'1fl~ru~~b;t.11bb6'l~~~'Uiru ~el1t.1 1 
" ' ,., 

= - :1'UJ'U 4 661 1 61~ 3 ~'U) 

- ~ 5 :'1i1tl~mruA6'lel 11vJ6'16'111i1t.11-ifbA~el~1\i1A6'lel11vimrn b~eJ1lli1t.lfl1'i bfl'U 

- =:::: ~'.) index Vl'1~'<il7fli.T'Ub'-il1~1uu~nru~e:i1'Ur11 ii'1c.1 cork borer .tt~i'.l 
vt~m~t.1~fl1i'W7(,l'JeJ~7~'1Jmb i1m~eJ bi'LI 1 u bb6'1~'/JeJ'U 1 u) '<i11ni.T'LI'W7 

n1~iJ~11 DMF tJ~m~i 3 iJ6'l~~m i111tlbfl'U1'U~ij\i1~eJruw1iJ 
' " 

_ ~1 i11~116'l~mc.1~1ii't tJ11i1tJ~mrur16'leJ bvJ6'1Jkimr1~eJ~1\i1n11 

- "'t 647 'U7l'Ub~~i '<il1ni.T'Ui11r11m11i1\i1fl;'Ubb~~~1ii'ttJr11'U1ruvt1 
" 
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- ~<;;-ff u bb'1~fl"1eJhvJ"1~ 111J 1(?ltJ1i'1lln71'1leJ~ Moran (1982) lJVit!1tJ 

_ t-' ~: 1t1:u~1 u Cw"1~ nfll~el(,1111-Wllti~hmn) 1(?ltJ 1i'11Jm1r\'1mruV11 

: ...,::tr1ru~, 2543 ; Moran, 1982) ~~d 

= (-2.99~47 + 12,64A664)*Vol /(X*Area*
1
100) 

= (:3.26A647 - 5.60A664)*Vol /(X*Area*lO0) 
I 

= 20.27A647 + 7,04A664)*Vol /)X*Area*l00) 

= • ~lJ1!1lfl '1eJ 11vJ"1~ bel 

= 0~lJ1!1lf\'1eJ 11vJ"1~ u 
= ~lJ1!1lfl '1eJ 11vJ"1~ 11ll 

= ?1vi(?lbbi;1~~f\11llt.l11fl~tl 647 'LI11tlbll{,l1 ,_, 

d d 1 = 1vivibb'1~Vlf\11llt.l11fl'1tl 664 'U1 'UblJ(,11 ,_, 

= dmru DMF ~1-ff'1n(?l V1t11t1iJ"1~~m 

= ?~'11t1m1b~mn~ (u~mm'111"1~mm~11~1..J/tf-~mm'111"1~mt1 

• =.., ;l1tli;1f1(?lflf ~bb 1niJ f\11ll b 'Vll'V'U'1~ bfl'U 1 'U,J'Ufll(?l(?l bb'1-:J ~1'Ufl1 bfl'U 0,8) ,_, ,_, 

--::.f E 1-rnelhiiJ"1~ u bb'1~fl"1eJhiiJ"1~ 111J 1ur11mruV11'11Jm1m11JJm~'wf 

- -·.: ,i1 rnr1~ eJ-:ii' (?I f\'1el11vJ "1~iJ b(,leJi ~cim~ el ni' (?11 u~iJ ~ n~ru~ b ~'1'11(?1 
' 

"''"''!Je)tJ 1 u) ('11EJru~ bb'1~tJrub,i~ru' 2558) 1(?1'11tl1'U 6 \911bb VitJ~(,Je) 1 tJ (,J e) '., ., 

~~ .. • ~-:iv1 EJ'IJ~n ('111..J11..J 4 J1 '1 "1~ 3 ~'LI) 
V V o 
0 Q.I l-' I I Q./ 0 ii i,.I -=::,I 

::. 3.6 'U1VitirnbVi-:J'11tlEJeJ(?l bb"1~m1..J11nvi~VilJ(?l 'I..J1(,j1..Jnmm-:i~111V1mEJ 
' 

=~~im11ru, 2537) b~eJr11un1V11..J(?l'Ul~'Un~1~~11..Jm1eJumi-:ib~elV11 
V 

- -;- "' ,!1'U1'U 4 '111 '7 '1~ 1 ~'U) 

: 3 7 tl1 V1urnb~-:J'1Jel-:J'111..J~11n'1J(?IJJ1'U 1(?ltJ(,)(?lbbtJm1nci11..J'1J(?IJJ1'UeJeln 

-.=m6i!t1 '1 tll'U 24 i11m ,i1mTm~elmun1V11..J(?l'U717n'111..J'1J(?IJJ1 'U ~ 

- ... -~m tl 4 6 bb'1~ 8 b~eJ'UVi~-:JtJ1EJ'U'1n ('11'U1tl 4 41 '1 '1~ 1 ~'U) ' ,_, 

: 3. tl1V1urnb ~-:J'1leJ-:J'11'U11nJ-:iVilJ(?l bL'1~J1V1urnL ~-:J'1JeJ-:i11rnb '1l'U-:Jbb'1~ 

• ~ -D-H77'11'U~U"1rnbt,J"1~'/!'LI(?leleJnb'U'U 3 ci11..J 1"1bbfl ci11..Jut1 ci11..Jnm-:i ,_, 
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o V V 

~"Vi'U\911.hn fl bb~1;1~ci1'U:1.J1'li--lvrn.l1viu fl bb 'M'1'1JeJ'1ci1'Uj1 flVl--lVlll \91 bbi;1~j1 fl bb 'il'U'1 

.. - = 1mruvi1b tJe:i{b~w,hl1viumb -lX--i'll e:i--1ci1'Uj1f.lJ--1 vi l! \91 bbi;1~j1 mb '1J'U'1j1m1 fl(;JmJ 

: .~eJ'UV1'1--1c11tJtJ~fl ('11mt! 4 J1 1 1;1~ 1 {i]'U) 

2. 3. 9 fl11lltJ11'1J eJ'1j7 f1bbn11\9l tJl\'li--1 bb~je) ~ Cii'm~Vl1 1'1 tJeJ\9lllU'i1 fl '<il'Llfi-:J 

6 bbi;1~ 8 b~eJ'UVl'1'1cJ1tJU~fl ('11'U1'U 4 J1 1 1;1~ 1 (il1J) 

2.3.10 fl11W:.!11'i1 flci1'U~'ll\9lif 1'U 1\9lfl11ll~11'i1fl~eJ~U~b 1!1!1l'U.fl1'1J''U~ 

.,J d i,I J QJ dd d 
r ~ '1bb1;'1~ b VltJ tJ\91Ui;11 tJ'i1 fl'il\9lll1'UeJeJf1bb1;'1~'J1 \9l 'i1 fl Vlll A11ll tJ11:!.J1 fl?l\91 VleJ1 tJ 4 6 

' ' 
_ -=-tJ~fl ('11'LI1'LI 4 J1 1 1;1~ 1 i~) 

2.3.11 e1m1ci1'U'i~Vl11'1tJeJ\9l~eJj1fl (Shoot to root ratio) 1\9ltJf11j 

- ~-:i ci1'UtJeJ\'l bbi;1~ci1'U'i1fl'1Je)'1{i]'Ufli;11 'LJe) 2.3.6 ll1A1'U1!1!'<il1fl?l\?l'i ('V'l btJ1l bbi;1~ 
'\J 

., ., 
~ :=i11'11m~vi11--1 tJeJ\'l~m1 fl = t11viumb -lX--1'1Je:i--1ci1'UtJeJ\'l/t11viumb -lX--161.Je:i--1ci1m1 fl 

I t,, 1./ I !lJ I 

·-.u~tJvi'1vim~e:i'U 11;1~r11--1'<il'Umu 8 b~eJ'U bb1;1~t11viumifo~'U~\'lf11jVJ\'l1;1eJ--1 vi 

- :. -=-,J~fl ('11'U1'U 4 J1 1 1;1~ 1 lilt!) 

2.3.13 1 bflj1~~A !1!G'lll'U~Vl1'1bfliJ61.JeJ'1 ~'Ubb1;'1~1'1\9lb 'V'l1~'1J1~ b 'U'U~W-.J?lll , , 

--:-:.i b'U'Um\'lb'U'U~1--1 (pH) fi1mjt111vJvh tJ~mruB'UVl~tJl\?l~ tJ~mrum{ue:i'U 

_ ;EJ'Ubbfl\?lleJeJeJ'U tJ~mru!'n~1'LI1mb'<il'UJ-:ivill\9l 1"ITT5f11'ilbm1~~ Micro Kjeldahl 

=-q.:l 'UU'i~1tJ'l1U 1mfif11jlbfl'i1~~ Bray II 1'V'lbbVl?lb;tJll~b'U'UUj~fo'IJ'tl bbllflUb;tJll 

-j 1j1 bm1~~ NH4 OAc Extract bb1;'1~b Vl~ fl~ b 'U'UU'idtJ'l!U 1 'tl15f11j1 bflj1~~ 

-: -4 2 J1~e:iCii'1mh--1) 1\9ltJ1bflj1~~neJ'U bb1;'1~Vl'1'1V11f11jV]\9)1;1e)'1 ~~'U~UD'U~f11j 

f; tn mfi'ijlJ'IJ'1~ l!Vl11VltJ1'1 tJ?l'161.Ji;11'Ufl~'UV1{ 1V1tJ1b61.J\?1Vi1\9l 1 Vi(Y '1'1Vl1\9l?l'161.J1;11 

2_11 'LJeJlli;1eJ1f11f"f 1offifeJll1;1eJ!1!Vl.flfau~tJ ?1'1?1\91 ~1?1\91 bb1;'1~fl11ll~'U,fo~Vl561.JeJ'1 
'U 'U 'I 'IJ 'U 'I 'I 

~ • tn mfi':ijlJ'IJ'7~ ~u'Uvifl'<il1fl~tJmru Data logger 

:::;..,,.., ized Design : CRD) bb1;'1~bU~tJUb'VltJUA7bu~tJ61.JeJ'1'LJeJ~1;1~1tJ15 Duncan ' s 

-~::: DMRT 



d 
'U'Vl'VI 3 

1. n11fim~1-r~ ~ b'Y-11~°li1~ihh111um 'U1 bbl;l~ b Vi:ln~~:Ulilel n11'b:U~ru b~'U b\,l "l.le)~~'U n ~ 1fJ1~'Y-111'1 
< V 

,, I 

20 

u1V1un"l.le1~~~ b'Y-11~°li1 , ., I , 
~1 n n11 b tFfou b Vl mJA1 bu~ f.JU1Vi'Llt7"l.lIM rn b -w1 ~i1V1u 1·r ~1?1~ b 'W1 ~i1 TJ:u~\1 n~ 1 

~ 'I 'I 'I 

I -=I I .c::i..c:. I c:::ll Q.I O V ,d_ V O d ~ c:::ll d ~ QJ d 
'W 'IJ 1 1 :U fl11:U bb\,l t7 \,1 1 -:J '1/11-:J ?lfl \,l tl f..11-:J:U'Uf..1?11 fl ru f.J-:J tl'\J fl-:J b 'W 1 ~'tf1'Vl'\Jjj~ (;l 'U:U 'Vl'U 1Vi'U t7 ?1-:J'Vl ?1 (;) 2. 00 

V 'I 'I \J 'I 

fllat71:IJ\•lelfl-:i 1?1(;lb'W1~'111?1\,11~iJ~1'U'Lh~tleJ'\J'1JeJ-:J'1Jf.J:U~'W111 bbfl~ci1'Ubbtlfl'\J 1'LleJ\,11°1~1'Ll~1-:J 61 iJ 
" " 'U , I 

tl1V1'Llt7'1leJ-:J1?J(;l b 'W1~'1!1ft (;lfl-:Jth~m ru 23. 00-38.60 b °Llffh~'Util b~m tl~f.J '\Jb Vl f.JunutlTv1un "lJ e:i-:i 
' 

fl-:Jb 'W1~'111~'1Jjj,J ~'U ('1J(;lfl1'\Jfl:U) J-:idtl1 V1'Lltl '1J e)-:Jfl-:J b 'W1~'111~'\Jjj,J')?j(;l b 'W1~'/J1~lJ~ 'U : '1Jf.J:U ~'W111 : 
'I 'I 'I 'I 'I Cj 'I 'I 

ci1'Ubbtlfl'\J e)(,lj1~1'U 1: 1: 1 1 :2:2 1: 1 :2 bbft ~ 1:2: 1 mn 'U'lf1 -:J 1.23-1.28 flbfl t71:U~~ e)fl -:J hiiJfl11 :U 

~'U: ci1'Ubbtlfl'\J (1: 1) 

~'U: '1Jf.J :U ~'V'l111 (1 :1) 
' 

~ 'U : '1Jf.J:U~'W111: ci1'Ubbt7'1 '\J (1:1:1) 
' 

~ 'U : '1l f.J :U~'W111: ci7'Ubbtlfl 'U (1:2:1) 
' 

~'U : '1J f.J :U~'W111: ci1'Ubbtlfl'\J (1 : 1:2) 
' 

F-test 

c.v. (%) 
' ' ' 

** = bb \,ltl~1-:iV11-:i?1~~V11~1i1u m1:u b ;m:r'U 99% 

~ ' 

fi1 bu~ f..1'1leJ -:J U7Vi'Llt7 1?1(;) b 'W1~i1 (nfa nf :u/rn) 
' ' 

2.00 a 

1.54 b (23.00) 11 

1.39 C (30.50) 

1.27 d (36.50) 

1.28 d (36.00) 

1.26 d (37.00) 

1.23 d (38.60) 

** 

2.69 

fl1 bU~f.J1'U ?J(;J:UJlb~f.J11l'U~lJ8t71.o}j~1-:Jll'U bb\,l tl~1-:Jll'U'V11-:J?1~~~1tlt711'1bflj1~1,.fo'IJ 'IJ DMRT 

11 = (,]'"Jbfl'1l 1 m-:ib~'\J fie:i btlti1b~'Util'1lmtl1V1un1?J(;lb'W1~i1~ft(;lfl-:Jb~m tl~f.J'\Jb 'Vl f.J '\Jll'IJ'tf(;lfl1'\Jfl:U 
' ' ' 
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~1..1nA1~mt.J 4 bb'1~ 6 b~eJt.1V1'1~tJ1tlU'1fl ~1..1nA1:rl1-r:rnJ~~ei~1mh~ 40_32-57.45 bb'1~ 62.20-
, 'U 'U 'U ( 

78. 42 b61ft.!~b1J(;l';i (;111J611(?l'LJ bb'1~:lJ~11..!11..!1'LJ~eltl'a~Vl11~ 18.75-24.50 bb'1~ 23.67-26.501'LJ(;leJ 

~1..1 (;111J6'11(?l'LJ ~~b~t.11v111~t.1fl'11tl1~V11';i1~el1tl 6 b~elt.!~tJ1tlU '1h11..11MlbY11~'1J1~:lJ~t.! : 
'I .- 'U q 

'/Jtl1J~Y1111: ci1mbfl'1'LJ 5m1ci11..1 1:1:1 btlt.1ci1w:.J~111vf~1..1nAi :iJm'ab~1rub~tJ1(;lv111..1m111~~ bb'1~ 
' ., 'U 

~11..111..11u~eit.J 78.15 b61ft.1~b1J(;l';j bb'1~ 26 .501u(;l0-~1..1 (;l111'11(?l'LJ bdmtJ~t.Jrnvit.Junu~1..1nA1 

tl1~V11';i1~U'1fl1t.1~1..!b'Wtl~€1~1~b~m~:rlm111~~ 62.20 b61ft.!~b1J(;l';i bb'1~~1m1..11u~€1tl 23.671'LJ(;l e)~t.! 
'U 'U 

V ' 

bV11Ut.! ((;l1';i1~Vl 3) 

~1..1 ('IW1fnllflll ) 
' ' 

~1..1 : ci11..!bbfl'1'LJ (1:1) 

~1..1: '/Jtlll~Y1111 (1:1) 
' 

f\1111~~ (b61ft.!~bllm) 
'U 

42.75 a 50.34 62.20 9.00 21.00 

40.01 ab 50.16 74.53 13.55 23.25 

40.19 ab 51.69 68.10 12.00 23.00 

23.67 

24.75 

24.00 

~1..1: '/Jtlll~Y1111: ci11..!bbfl'1'LJ (1:1:1) 43.58 a 57.41 78.15 12.00 21.00 26.50 
' 

~1..1: '/Jtlll~Y1111: ci1t.1bbfl'1'LJ (1 :2:1) 30.60 be 57.45 78.42 13.00 18.75 25.75 
' 

~1..1: '/Jtlll~Y1111: ci11..!bbfl'1'LJ (1:1:2) 28.28 e 49.32 67.25 11.75 24.50 24.25 
' 

~1..1 : '/Jtlll~Y1111: ci11..!bbfl'1'LJ (1:2:2) 30.81 be 56.30 77.43 12.62 18.75 24.25 
' 

F-test 

c.v. (%) 

** 

9.77 

' ' ' 
** = bb(;lfl(;l1~V11~~~~Vl';j~(?l'LJf\111Jb:UellJ1..! 99% 

ns 

9.38 

ns ns ns 

15.86 15.31 33.31 

fl1bu~tl 11..!~~llil b~m tlt.!~:lJe)fl'\~';j(;l1~ tlt.! bb (;l fl(;l1~tlt.!V11~~~~~1flfl1';j1 bfl';i1~vfo 'LJ'LJ DMRT 

ns 

23.59 
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-~ • !J· ~'V'lfTJ: ri11..mnmJ B\91':i7~1tl 1:1:111X(,)tlf1J~~:w'1ltl11911.itl~7rn'1tlt1rnn~ '\J 

-;, 5.80 1.1.'1~ 8.62 :W'1~1.~m \911~~1{il'LJ 1.l.\9lf1~1--1Vl1--1?i~~fl'U(,)tlf1J7~1."'\l~rul.~'Ub\91 
o V 

• )-~'.la~1--11.~m ('ll\91A1Urm) ~ii.1.iu~1t!Pltlt1f1'17~'1lel--1~7(,)tl 5.00 1.1.'1~ 6.29 

~- =·. ~ 1'~1--1~ 4) f17';j~(,)Jtl7~eJ--11.itl':ieJ'U1--1~eJ'\J-.1(,)tlf1 J7~el1c.J 2 4 1.1.'1~ 6 l.~eJ'l.!91'!'1--1 
' 

- - -- "~-iif11 ':i'W00Jtl 1\i11tll.itl':ieJ'U;--1~hJ 1.1.\91 f1~ 1--1fl'UVl1--1?i~~1 tll.l.~'1~1?i\91 I. 'V'l1~'1l1 
' 

V ' 

- _-: :::S 2.01 -2.43 1.1.'1~ 2.22-3.06 l."lltl~l.~\91':i m~~7{il'LJ {il-.l'Utl (,)tlf1J1c.11--1'V'1111vi 

.,_ :..,•"":w~tl: '1Jc.J~~'V'lf11 : ri1tll.l.f1i;'l'U 0\91':i1~1tl 1: 1:111X(,)tlf1J7~el1c.J 6 l.~el tl 
' ' 

: 1~i1~miu~1uP1ut1nm--1 1.1.'1~1.iu1eim--1'1JeJ--1(,)tlf1J1m--1'V'l111vimc.1 2 4 • '\J • 
: ~ £'..JVl'1--1 c.J1c.J'U'1f1 

,, 
'\J 

1.itl~1tll"ltltJf1'11--1 (:w'1fa~\91':i) 
"U 

1.iu1eiu1--1 (1."1Ju~1.~m) 

2 l.~eltl 4 l.~eltl 6 l.~eltl 2 l.~eltl 4 l.~eltl 6 l.~eltl 

4.00 5.00 b 6.29 b 1.66 2.01 2.22 

4.02 6.43 a 7.49 ab 1.61 2.29 2.73 

4.03 6.14 ab 7.83 ab 1.61 2.19 2.83 

~'U (1: 1: 1) 4.32 6.80 a 8.62 a 1.52 2.43 3.06 

;'l'U (1:2:1) 4.06 6.56 a 7.84 ab 1.65 2.25 2.70 

<'l'lJ (1: 1:2) 4.03 6.45 a 7.88 ab 1.59 2.28 2.95 

?U (1:2:2) 4.30 5.45 ab 7.69 ab 1.63 2.01 2.78 

ns * * ns ns ns 

8.88 12.11 16.73 7.50 8.93 14.17 

---"'t~Ufl11~1.;mJtl 95% 
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., ., 
0 Q,/ 0 OJ ii I I 

u1V1una ~ bb6l ~t11V1t1m b m"l.lei~ a1u t1ew1 bb6l~mu·nn 

~1 n (91717'1~ 5 bbi:lli1'1 b 1Xb ~u1 ?I Iii b '1"17 ::5iJ1 ~ bb~ 1;1::5?I~111X n 11 b ~ ~ ru b~'U 1(91 JJ 1 u 
' 'IJ ~ 

ihlT1,-1un?1ti"l~1mrnli"l 43.47 n{~l?le:iJJ'u bb6l::5~1u11n 26.59 n{~l?le:iJJ'u i:l"lfl'"JiJJ'uni11~EJ1c.JtJ1;1n1u 
'IJ 'IJ 

~Uel~1'1b~ c.!1 ( 'l!liifn'Ufl~) bb6l::5fl11i;'f::5l;'fm.hv,u fl bb1X'1~'.'Jtlt.Jelli"l bb6l~~1m1
1
n b ~~:ff U(9)1~eJ1c.l fl11~ (,).Jtl7 

q q l '1 

'1JeJ'1Ji'un~1 ~ e)1t) 6 b~eJUVl'1'1EJ1c.!U6l fl 'v'/'U17Jf un~1nJ1V1umt ,X,-1~1Uc.JeJli"lbb6l ::5~1U11 n~1n~bA c.!'1 nu 
q ~ ~-

Lllbb(9)f7\?11'1V11'1l;'fn~ e:i~1u'li1,-1 11.08-15.09 bb6l~ 4.37-6.58 n{~l?leJJJ'u (9)7mh~u Ji'un~1~ 
'IJ 

15.09 n{~l?le:iJJ'u bb6l::5~1u11n 6.58 n{~l?le:iJJ'u bb6l::5Ji'un~1~EJ1c.JtJ1;1n1uri'1b'v'l7::5iJ1~u11~~ub~cJ"l 
'IJ ' ' ,., 

e)~1'1b~c.!1 ('l!liifl1Ufl~) n-u1V1Umb1X'1~1Uc.leJli"lbb6l::5~1U11f7 11.90 bb6l~ 4.37 n{~l?leJJJ'u mmh~u 
' ' 

((9)111,-1vi 6) 

I !,I ., I 

~111~-vi 5 t:J6l'LJeJ--'l1i:lli"lb'v'/1::5'1l1\?leJ'U1VIUfli;'fli)~1Uc.leJli"l bb6l::5~1U11f7'1Je)--'l~Uf7~1c.l1--'l'v'/111VleJ1c.l 4 bb6l::5 
' ' 

6 b~eJUV1'1--'lEJ1c.!U6lf7 
'IJ 

1'11iib'v'/1::5'1!1 
' 

-u1V1unl;'fti1~1Uc.JeJli"l (nf~;Ji'u) -u1V1Ufll;'fti1~1m1n (n{~;Ji'u) 

(5m1~1u 11iic.J'lfimm) 4 b~eJU 6 b~eJU 4 b~eJU 6 b~eJU 

~U ('l!li"lfl1Ufl~) 20.05 abc 29.29 b 7.69 ab 17.09 b ' , 
~U: ci1Ubbf76ltl (1: 1) 26.43 a 36.54 ab 9.19 a 20.07 ab 

~U: 'llc.l~::5'1"1{11 (1: 1) 18.32 be 28.50 b 7.62 ab 20.49 b , 

~U: 'llc.l~::5'1"1{11: ci1tlbbf76ltl (1:1:1) 
' 

24.36 ab 43.47 a 7.43 ab 26.59 a 

~U: 'llc.l~::5'1"1{11: ci7tlbbf76ltl (1:2:1) , 22.44 ab 34.44 ab 10.72 a 14.63 b 

~U: 'llc.l~::5'1"/{11: ci1tlbbfl6ltl (1:1:2) 22.36 ab 38.01 ab 7.93 ab 18.02 ab , 

~U: '1Jc.l~::5'v'/{11: ci7tlbbf76ltl (1:2:2) 15.26 b 33.63 ab 3.60 b 13.25 ab , 

F-test ** * * * 

CV.(%) 18.03 15.80 32.05 24.24 
' ' ' 

* bb6l::5 ** = bb(9)fll?l1--'lV11--'li;'fn~Vl1::5~'Ufl11~b;mJU 95 bb6l::5 99% (9)1~1;11~U 

fl1bu~ c.l b Ui;'f ti"l~Jl b~ c.!1 nu~neJfl'\11\?11~ nu bb(9) fl\?11--'l nUV17--'ll;'f n~~7n fl11i bf!J1::5'Mbb UU DMRT 
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' ., ' 
,c vi 6 t:-J'1'11eJ-:J1'1vil'\"17~'1l7tlleJU7VlUmv1½-:ici1ucJeiv1 ll'1~ci1u11n'Uei-:i~un~1m..:i'l"l111vimcJ 4 

' ' 
ll'1~ 6 l~elt!Vl~..:i cJ7 cJtl'1 n 

" ., ., 
~ 7~'1J7 tl1Vlumv1½..:ici1ucJeiv1 (n1l!/~u)tl1Vlumll½..:ici1m1n (n-fo/(;]t!) 

--;1ci1u 1v1cJtl1m(?l1) 4 b~eltl 6 b~eltl 4 t~eltl 6 b~eltl 

'IWI fl TU fl l!) 7.58 be 11.90 3.70 ab 4.37 
' ' I 

m mlnm.1 (1: 1) 10.89 a ' 14.22 1 2.92 ab 4.88 

Utll!~'\"1171 (1: 1) 7.63 be 11.36 ' 2.78 ab 5.53 
' < 

'T.! tlll~'\"1111: ci1mlnmJ (1:1:1) 8.95 ab 15.09 3.05 ab 6.58 

., ' ) tl l!~'\"1171 : Cl7tlbbnff\J (1 :2:1 7.84 be 11.76 4.36 a 5.69 . 

., ' ) 
itl l!~'\"1111: mtmn'1U ( 1: 1:2 7.42 be 14.47 2.85 ab 5.67 

tl l!~'\"1111: ci1mln'1u (1 :2:2) 5.12 e 11.08 1.40 b 4.76 . 
* ns ** ns 

%) 23.13 11.39 28~98 22.59 

= . .l1 ll(?lntll7..:Jflt!Vl7..:Ji;'I(\~ 

' ' ' 
= ll(?lntll7..:JVl7-:Ji;'l(\~VJ';i~i(uf117l!b;ellJtl 95 bb'1~ 99% (?)7lJ'17iJU 

-J:..1tli;'lv1l!.nl~cJ1nu~ihYm.':r1tll1-:inu ll(?lntll1..:intJV11..:i'1(\~,nnn111lf111~1-fauu DMRT 

eJ(?l11ci1'L!cJe1v1 ~ e111 n 

5 m1ci1un11'1~m.nl1Vlu n ll t½..:i ci1u cJeJvitlleJ61TU 11 n'UeJ..:J(;]tJn~1 l 'U'LJB(?l1761TU~ 
., ., ' 

• .. fl1 7l!i;'ll!vJ'11~Vl11..:in11fl1cJtl1ll'1~v1v1i;\'1l~cJ..:itl1 57(?lel7Vl71 '<i11nn11Pim.":r7'1"1U17 vimcJ 4 
'I 'U 'I 'I 



' ' 
\9111'1-:!vi 7 [:.Ji;j'IJe),!')~(Ylb'\"11~'ti1vleleJm7l;11'Ut.Jel(Ylv!e:J11fl'IJm(;l'UfliK1c.J1-:1'1"111'7vimtJ 4 bbl;,~ 6 b~el'U 

' ' 
'Vii;1-:JcJ1t.JtJi;jfl 

'U 

1~(Ylb'\"11~'ti1 
' 

(Bm7l;11'U L(Ylt.JtJ~mm) 

~'U ('11(Ylfl1Uflll) 
' ' 

~'U: ~1'Ubbfli;,U (1: 1) 

~'U: 'llt.lll~'\"1{11 (1: 1) 
' 

"> o, I ( ) (Yl'U: 'IJt.lll~'l"l'a11: '11'Ubbfli;,U 1:2:1 
' 

F-test 

c.v. (%) 

' ' ' 
* = bb\9lflvl1-:JV11-:J~CT~Vh~~Ufl11llb:Umr'U 95% 

er m1 l;11'U tJ ei (Yl vi m1 fl 

4 b~el'U 6 b~el'U 

2.05 be 2.72 

3.73 a 2.91 

2)4 abc 2.05 

2.93 abc 2.29 

1.80 C 2.07 

2.60 abc 2.55 

3.66 ab 2.33 

* ns 

21.24 24.90 

fl1 bQ~ tJ 1 'U~(Yll]Jl b~t.l1 fl'U~lJe) fl~';iv11-:J fl'U bb\9lflvl1-:Jfl'UV11-:J~CT~'11 fl fll';il bfl';i1~\-1bb uu DMRT 

25 

b'l"l7~'ti7bbi;,~fl1'Jm~'17tJ'lleJ-:J11flc;i''Uflti'1tJ1-:i'l"l111~eJ1tJ 6 b~el'U -aeiu -i bbVl-:J1~(Ylb'\"17~'ti7 ~-:ivh1'1½ 
' I ' 

~1m-ari ~(Yl~1'U'lleJ-:J bb vi-:ii'~(Yl b '1"11~i1-a11J b '1f 1 H ~1 tJ fl'U (m'l"I~ 3) L(Yl tJ m1~(Yl bfll~'llei-:i lb vi-:ii'~(Yl b '1"17 ~ 
' ' 

1urn11Jm~vium~ b viei'U 1 'U'll ru~cJ7tJUi;, fl 1 'U bb Ui;, -:J 
'U 
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.n1'V'I~ 3 ~m1ru~'UB-:mvi-r!?i~L°l"l1~i1 L(91LLri ~'LI (•1mATUA1J) (fl); ~'LI: ~1'ULLflffU (1:1) ('U); ~'LI: , , , 

'Ut.11J~°l"l~11 (1:1) (A); ~'LI: 'Ut.11J~°l"l~11: ~1mLmru (1:1:1) (-:i); ~'LI: 'Ut.11J~°l"l~11: , , , 

L°l"l1~'1l1~:i1thvn!m'lJ1~-:i 36.50 LtlB1L~'U(,l LL~~1lJ:i1rnm191rrJfl'UB-:JLLV1-:11?1~L°l"l1~i1 "1'Ufl~1~~1t.1 , 

tJ,rn 1 'U1?l~L°l"l1~'151vl-:lfl~11 :Wfl1'H'i(}~fiJL~'\.J 1191~~1 ~L61'U~1'UPl'UtJflm-:iJ1"1'U 8.62 ij~~Lllm mt.J 1 'U 
'IJ q V 'U 

6 L~el'UVl~-:1 ~1 t.JU ~ fl ?l-:J?l~ L~m tl~ t.J'UL vi t.J'\.J fl'\.J1'1 ~ L '\"l1 ~'151 ~'U~?lll ?lm~'U ., zj-:J'U'U1~ L61'U~1'U 
'U \I , q 'll I 

Pl'U~flm-:J'UB-:1J1"1'Ub U'U~1t1~~rh~'ru 1 'Ufl1':i 1 i"1'Ufl~1t.11-:i°l"l1':i1 L U'U"1'U\91m ~B~~\911 
~ V 
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fl 1ifl fl~1t:-l'1'1l el-:! .fl 1'1l'U~tl'1 fl~mfl 1-:i~{1-:i fl 1 el 1 u bb"1 fl~ 1-:! fl'U ~ el fl 11 b ~~rub~ 'U l "1 
"\J V 

'1lel-:!~'UfllK1 En-:!~111~1 'db U'U~'U"1eltl1~flel'U~1cJ~,:J,1 

1) m'llu~tl'1 fl'VI 1-:i m~u elfl ~1 b~ cJ'U 
"\J 

2) .fl1'1l'U~tl'1 fl Vii-:! m~'Uel fl~~~ bb 'Vl.:JV-Jm~~ fl 2 bb vi-:i 
"\J 

3) .fl1'1l'U~'IJ6'lfl'Vli.:Jm~'Uelfl~~vlbb'Vl-:!'V-J'17~~fl 4 tb'Vl-:! 
"\J 

oQ I .:;::I ,.I I c::l d .:::!t. oQ I t c::l al 'V I 

'lJjj~~'Ui1'Ub Vl'UcJ1 u'U'Vli1 cJelEJ1-:!b~m Vliel~'U bb'1~~'t.!11'UL Vl'UcJ1 u'U'Vli1 cJ t:,)~~'11 cJ~~~i11 bb'1 ~ tn'U 
'I ,!.,.. q 

bbfl'1'U e1v111ci1u 1:1:1 Vl~el~'Ut:-J~~ 'V17fl1iflfl~11ub-:ib~el'Lim~~flAru~V1{V-Jmm511~'1l1~ i-:ibb~ 

b~el'LI~'17A~ tJ ~.r'f. 2559 ~-:ib~el'LIV-Jt]~.fl7A~ tJ V-J.r'f.2560 J-:id1u1~V111-:ifl11V1~6'lel.:J.fl1cJ1u 

l1-:!b~el'Ufl1~~fl~elruVl.fllJ~-:!~~bu~cJ 41.09 el-:!r'f1b"1!'1b;cJ~ eJruVl.fllJ~1~~bu~cJ 24.20 e).:Jr'f1 
'I 'U 'U , q \I 'I 

Vl~'1el-:i 4.12 b'U'U 3.94 bb'1~~1fl 6.94 '1~'1-:ibuu 4.67 v11~~1~u fi1fl11u11vJvh'1lel-:i~u~1mVl'umtJu 

Vli1cJ lJA1b~~tu~7fl 0.02 b'UtJ 0 .26 b~~;b~tJ\9l~elb~vli ~tJt:,J~~~A1fl1iU71vJvh6'1~'1-:!~1fl 0.64 

bVl~el 0.13 b~~;b~u191~m~v11 tl~mru~uV1~cJ1vit1 bb'1~tl~mrur11foelt.1'1lel-:i~u~1t.1bVl'UcJ1tluV111cJ , 

bb'1~~1.Jt:-J~~ '1~'1-:!~1 flfleltJ'IJ6'1 fl vii-:! fltJ'LJ1~ fl'U fl11~~ 1 tJfl11bb'1flb 'IJ~ cJtJbbflvt 1eleleltJ'1Jel-:! ~tJ~1'UL Vl'UcJ1 
"\J , 

tltJVl11cJ bb'1~~1.Jt:,J~~ ~lJA1b~~~-:itu~7fl 0 .53 b'UtJ 3.46 bb'1~ 2.32 b'UtJ 6.96 b"/!tJ~fo6'l~elnl'1fl1'~ 
"\J 

b Vl'UcJ1'1JtJVl11cJel~1-:! b~ cJ1 
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( 1: 1: 1) neJ'Ul,l,~~'V!~-:Jfl1'JVl~ml-:J 

' 'V!~-:Jfl1'JVl~~el-:J neJ'Ufll'JVl~~el-:J 
"-'= "' fl ru'1:W'l.J(91Vl7-:J1,fl:W 

q 

~'U ~,'Ue-J'1:W ~'U ~'Ue-J'1:W 

ri1m1muum~dJu~h-:i 4.72 6.94 3.94 4.67 

ri1m1tl11 ~~1 (1.~sB•1h:wuii/1,:w(,l1) 0.02 0.64 0.26 0.13 

tl1mruB'UV11EJ1(,l(l (%) 2.74 5.76 1.03 5.43 
q , 

tl1mruA1foe:iu (%) 0.91 3.99 0.61 3.16 

fl17:w-:il 1 'Ufl1'Jl,l,~nl. tl~ EJ'Ul,l,fl(,l 1eJeJel'U (1.'ll'U~1:w~/nfanf:w) 
q 

0.53 2.32 3.46 6.96 
.., 

1 u 1mv,iuVJ-:i'V!:w~ (%) 0.04 0.06 0.05 0.09 

~el'1~elfo~1,uutl1~ ltJ'/f'U w~~nr:w;nfan f:w) 5.77 624.40 202.45 342.88 

1 vm Vl'11.66EJ:W~I, U'UU'J~ ltJ'/f'U (il~~nr:w1nfanr:w) 
~ 

20.34 1,248.00 84.11 164.94 

1,1,:wnu1.66EJ:w~1, uutl1~ 1EJ'1f'U (il~~nf:w/nfanf:w) 12.54 J 13.40 11.17 57.52 

1, 'Vl~n~1, uutl1~ 1EJ'1f'U (il~~nr:w1nfanr:w) 41.85 15.12 130.13 164.06 

., 
tl1V1un1a~ 1, -w1~i1 • 

m'lfu~tl~n (917:W~7\97'U (m11-:i~ 9) 
" 

0 V o ., ' .., 
I c:I o Q..' Q.J o ~ 0 Q.I ~ .Qo 

fl71,Q~EJ'U7'V!'Un1'1~1, ¥17~'117VI 'U 7'Vl'U nl.:W el'1'U '1~ fl1 'JVI ~~ el-:J 
q q 

1A1-:i'1-r1-:imEJ 1 u"()eJ-:Jm'llu~tl~ n 1-8 l,~e)'U (nfanr:w/Jl1'11'U~tl~ n) (nfanr:w/Jl1'11'U~tl~n) 
'\J '\J '\J 

~'U ~'Ue-J'1:W = ~'Ue-J'1:W ~'U 

m'lfu~tl~ nCJ11.1E.Ju 2.33 1.42 2.37 1.53 
'\J 

m'1fu~tl~n~~1,1,'Vl-:i¥1m'1~n 2 1.1.'Vl-:i 2.24 1.52 2.33 1.65 
" 

m'llu~tl~n~~1,1,'Vl-:i¥1m'1~n 4 1.1.'Vl-:i 2.22 1.57 2.28 1.63 
'\J 

F-test ns ns ns ns 

c.v. (%) 10.65 6.28 6.59 8.93 

ns = hJ1,1,(,ln~1-:inuvi1-:i'1'1~ 
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n1'Wil~rub~u1~"ll0-i~uni 1~1-ivna11un1"11u~u~n 
V ~ 

~uni1~1wn11~1-ufimn 

~7':i7-l~ 10 bbl;'l::: 11 bb?l~-ln7'ib~~,m~u1(,1'1Je)sl~'I.Jni;l7cJ7-!~7'i7vfli~n~7~~e.l7c.l 
V q 

1 b~B'UV1~-1EY1c.1'l.J'1n ~u11 Ji'unA1m-:i~111~1-r:rn .. m-i b~'U~7'Ul"l'UtJm17-i b~meiu1-:i '17tn'U1u~B c.i 
~ ~ ~ 

bb'1:::tJ~mrufl'1eJL'ivJ'1~ beJ fl'1eJL'ivJ'1~ u bb'1:::fl'1eJL'ivJ'1~ 11:l..l L:Wbb(,ln~1-:in'(Jvi1,rn~~J-:i1'U~'Ubb'1 ~ 

~'U~?l:!J elc.lL'U'lh-:i 36.93-43.79 b"IJ'U~ b:lJ~'j 3.44-3.60 :iJ'1fa:lJ(,l'j 1.24-1.26 b"IJ'U~b:lJ(,l';j 6.00-7.43 
~ I 

1u~eiJi''U 33.18-40.73 14.33-18.15 bb'1~ 47.51-58.88 :iJ'1~nf:l..l~eim11-:i b"IJ 'U~b:l..lm mmh~u ,. 
bbl;'l~ 37.38-46.24 b"IJ'U~b:l..lm 3.35-3.65 :iJ'1~b:l..lm 1.20-1.27 b61f'U~b:!J(,l'j 6.48-6.601u~el!,1'U 

31.74-35.53 13.68-15.58 bb'1::: 45.42-51.11 :iJ'1~nf:l..l~eJ(,17'i7-:Jb61f'U~b:lJ(,l'i mmh~u 

fl17:!J?l-'.1 
~ 

1A1-:i ?1~1-:in 1 c.11 'U'llt1-:im'll'U~ul;'l n 
~ 

m'll'U~U'1n~~bbvi-:i~m?l~n 2 bb'Vl-:J 36.93 46.24 
~ 

J77'/l'U~'U'1n~~bb'Vl-'.l~l;'l7?l~n 4 bb'\/1-'.I 43.79 38.29 
~ 

F-test ns ns 

c.v. (%) 15.94 18.34 

., ' ' 
b?l'Um'Ul"l'Uc.1nm-:i 

3.60 

3.44 

3.60 

ns 

5.90 

~ 

~'U~?l:!J 

3.35 

3.65 

3.35 

ns 

6.28 

b~'U'iel'U1-'.I 

(b"IJ'U~b:l..lm) 

~'U ~'U~?l:!J 

1.25 

1.24 

1.26 

ns 

5.47 

1.21 

1.27 

1.20 

ns 

8.32 
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viTn..:i~ 11 '<i\'1mu1u~m.11,1,i;'j:;'lJ1:i.rnufl'1eJb-yJ'1~ 1,ei fl'1eJhyJ'1~ u 1,1,i;'l:;fl'1eJb-yJ'1~ 11:J.J "llel..:J t.1 

t.17..:J'V'J711\?ltJfl~ 7el7c.l 1 l,~eltJVl~-:JEJ7c.Jtl'1 fl L tJ&itJl,l,i;'l:;~tJ~i.'llJ 
' ~ 

'<il7tJ1tJLU~elc.l 

1m-:i'1{1-:imc.11 tJ~ei-:im'IJu:;tl'1 fl (l U/l?ltJ) 
~ 

tl1m ru fl'1 ei 11vJ '1~ 

(iJ'1~fl{lJ/\,1717WlltJ~l,lJ \?1';i) 
I .. 

l,e) u 111. 

(;]tJ &itJ~i.'llJ 
= 

&iu~i:l:J.J I &iu &itJ~i.'llJ &itJ &im.il:l;J (;]tJ 

7.25 6.48 40.73! 35 .53 18.15 15.58 58.88 51. _1 

m'llu:;tli;'jfl~\;11,1,VJ-:i'V'Jmi:l~fl 2 1,1,VJ-:i 7.43 6.50" 35 .79 31.74 15.73 13.68 51.52 45. 2 
~ 

6.00 6.60 33.18 33.08 14.33 14.26 47.5 1 c_7_35 

ns ns ns ns ns ns ns ns F-test 

c.v. (%) 13.34 12.81 21.12 23.99 19.26 12.38 29.22 2ll.8_ 

cJ 7-:J 'VJ 717~ EJ 7 cJ tJ '1 fl L tJJl 7'lJtJ:;tJ '1 fl~:wLfl 1-:J i,'1{7,:i Jl 7 cJ L tJ 1,1,\,l fl~ 7-:J fltJ~U ';i';i~ &i tJ 1,1,i;'l:; &itJ~ ~:l.J 
. . --.. 

~ ~ , 

m1:J.Ji:1-:11,1,i;'l:;'<i\'1u1u1u~eic.1 ei~1u~1-:i 154.39-173.46 1,'IJtJ~l,lJ (,1 1 1,1,i;'l:; 65.84-67.66 lu ·~ .. 
~ ~ 

mm=h~u (m11-:i~ 12 1,1,i;'l:; 13) 1,1,i;'l:;.fl1'1JtJ:;tl'1fl~u11~&itJ~i.'l:J.JLi½l?ltJfl~1iim1:J.Ji:1-:i1,1,i;'l:;'1"._ • ._. _ 
~ , ~ 

~elc.l el~';i:;Vl'J7-:J 177.22-183.17 1,'IJtJ~l,lJ\,l';i 1,1,i;'l:; 73.39-78.25 LU~el\?ltJ \,lllJ1;17~U 
~ 

m11..:i~ 12 ~'1"lJ ei-:i 1m..:i!.'l{1-:imc.11 tJ"lJeJ-:J.fl7'1JtJ:;tl'1 fl~1,1,(,lfl~1-:inu~eim1:1.Ji.'l..:J"lJeJ-:Jl?ltJfl~1m 
~ ~ 

~ellc.l 4 6 1,1,i;'l:; 8 l,~eltJVl~-:JEJ7c.Jtl'1flL'U&itJll,i;'j:;&i'U~i.'llJ 
' ~ 

fl17lJ'1-:J (1,'IJ'U~l,lJ\,l';i) 
~ 

1m-:i'1{1-:imc.11 'U"lJeJ-:J.fl7'/J'U:;tl'1 fl 4 l,~el'U 6 l,~el'U 8 l,~e) ... 
~ 

&i'U &i'U~i.'llJ 
= 

&i'U~i.'llJ &i'U {;]'U 

.fll'IJ'U:;'lJi;'j fl~11,~ c.JU 93.97 86.48 128.67 137.00 154.39 
~ 

m'll'U:;tli;'jfl~\;11,1,VJ..:i'V'Jmi:l~fl 2 1,1,VJ-:i 102.12 100.34 128.80 140.90 166.22 177.-2 
~ 

m'lJ'U:;tli;'jfl~\;11,1,VJ-:i'V'Jmi:l~fl 4 1,1,VJ-:i 103.69 84.44 138.33 147.00 173.46 _83 .. -
~ 

F-test ns ns ns ns ns 

c.v. (%) 10.84 8.97 5.84 9.47 9.10 7.c::. 

ns = hJ1,1,(,lfl~7-:JfltJVl7..:Ji.'l~~ 



1m-:iffh.:imc11 'W'UeJ-:JJl7'1l'U:::tJ~n 
" 

30.00 31.92 48.33 55192 

J71'1J'U:::U~fl&i~bbVl-:JV'l~7i;'l&\fl 2 bbVl-:J 30.50 35.00 48167 56.00 
" 

.fll'll'W:::tJ~n&\~bbVl-:JV'lmi;'l&\n 4 bbVl-:J 27 .34 35.17 50.1 1 51. 94 

F-test 

c.v. (%) 

" 
ns 

7.42 

ns ns 

30.85 20.47 

ns 

19.94 

65.84 

67.66 

66.89 

ns 

13.93 

75.83 

78.25 

73.39 

ns 

25.48 

31 

1?1111-:J~ 14 bb~::: 15 bb?l~-:Jf1-:Jfl1°ab tJ~ cl'Ubb U~-:J'U'W1~'11(fl'U'UeJ-:J(fl'Ufl~1cJ1-:JV'l 111~ 

b'1~!:lH&iU bl?l 1 'U.fl1'1l'U:::U~fl~iJ1m-:i1;'!{1-:i Jllcl 1 mbl?lfl~1-:inmr-:i 3 bb 'l.J'l.J ~'l.J11'1~'Ubb~:::~W:.Ji;'l:W V'l'l.J11 
V \J ' 

b~'U~1'U f'!'UcJflm-:J (:D~~b:Wl?l'a) 
'U 

1m-:i1;'!{1-:imc11 'W'UeJ-:JJll'll'U:::tJ~ n 4 b~el'U 6 b~el'U 8 b~el'U 
'U 

= ~'Ui;.Ji;'l:W ~'LI ~'Ui;.Ji;'l:W ~'LI ~'Ui;.Ji;'l:W ~'LI 

.fll'll'U:::U~ fl~'J b~ cl'l.J 8.99 8.31 11.41 11.71 13.89 14.99 
'U 

m'll'U:::tJ~n&\~bbVl-:JV'lmi;'l&\n 2 bbvi-:i 8.38 8.49 11 .29 12.00 14.03 15.82 
'U 

.fll'll'U:::tJ~n&\~bbVl-:JV'lmi;'l&\n 4 bbvi-:i 8.18 8.57 11.38 11.72 14.16 15.88 
'U 

F-test ns ns ns ns ns ns 

c.v. (%) 6.34 10.42 5.85 6.52 6.72 5.72 

ns = hfa1?1n~1-:in'Uvn-:i1;'!~&\ 
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~€lltl 4 6 bb6'l~ 8 b~eJ'UV!~-'.ltl1tl'U61fl1'LI~Ubb6'l~~'Ui:.J61~ 
' " 

b~'U1eJU1-'.I (b'l1'U~b:Wm) 

1A1..:i61{1..:imtJ 1 'LI'1leJ..:J.f11'11'LI~tl1;1 fl 4 b~eJ'U 6 b~eJµ 8 b~eJ'U 
" 

~'LI ~'Ui:.J61:!J 
= 

~'Ui:.J61:!J . 
= 

~'Ui:.J61:!J \?l'U \?l'U 

.f11'1J'U~'U61 fl~'Jb1tl U 2.61 2.5,2 3.90 t .84 4.48 4.71 .., 

m'IJ'LI~U61fl~\?lbbviwm161~fl 2 bbvi..:i 
I 

2.55 2.53 3.79 3.98 4.55 5.18 
" 

m'll'LI~tl1;1 fl~\?lbb vi..:i'V'lm61~ fl 4 bb vi..:i 2.56 '2.58 3.91 3.93 4.58 5.05 .., 

F-test ns ns ns ns ns ns 

c.v. (%) 5.84 4.96 5.51 7.12 6.43 7.56 

ns = 11Jbb~fl~1..:Jtl'UY17-'.161~~ 

cJ1..:j'V'l111 

11. 46-11.71 bb6'l~ 38.80-39.56 :W61~fl{:W~eJ~111-'.!b'l1 'U ~ b:!J ~1 ~1:!Jf11(9)U bb6'l~il1'11'U~'U61fl~1'li 
" 

eJ~'j~'l/!11..:J 29.43-31.80 12.49-13.63 bb6'l~ 41.93-45.44 :W61~fl{:W~eJm11..:ib'l1'U~b:!J~'j ~1:!J6'11(9)U 
" 

(~111..:ivi 16 17 bb6'l~ 18) 
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1.fhrnufl'1eJ 11~m{ beJ (li'1~n-ri1/!?l7':i7~b'IJ''Ll~biJ!?l':i) 

1fl1~?1{ 1~mc.J 1 u'!]e:i~m'/5u~tl'1 n 4 b~eJ'U 6 b~eJ'U 8 b~eJ'U 
" I 

= ~'U~?liJ ~'U ~ 'U~?liJ · ~'U ~'U~?liJ l?l'U 

Jl7'/5'Ll~U'1 n~1 b~ c.JU 29.74 29.32 24.43 f6 .20 27.33 29.43 
" 

Jl7'/5'Ll~°Ll'1n~1?1bbvi~vm1?1~n 2 bbVl~ 29.33 28.86 N.31 26.40 27.84 30.55 
" 

m'/5u~tl'1n~l?l bbvi~~m?l~n 4 bbvi~ 27.33 31.99 22.68 26.75 27.80 31.80 
'\J 

F-test ns ns ns ns ns ns 

c.v. (%) 7.34 18.21 26.83 16.35 10.90 10.11 

ns = LJ.Jbb!?ln~1~nuvi1~?1ri~ 

~t1m11m~~111~eJ1cJ 4 6 bb'1~ 8 b~eJ'Ll'\.li'1~fl7cJ°L.l'1n1u~mb'1~~'Ll~?liJ • '\J ,, 
tl~mrufl'1eJh~m{ u (ii'1~n-riJ/(,l7':i7~b'IJ''Ll~biJ!?l':i) 

1m~?1~1~mc.J 1 u'tJmJl7'/5'Ll~°Ll'1 n 4 b~eJ'U 6 b~eJ'U 8 b~eJ'U 
'\J 

~'U ~'U~?liJ = ~'U~?liJ ~'U ~'U~?liJ l?l'U 

Jl7'/5'Ll~U'1 n~1 b~ c.JU 12.62 12.47 10.1 7 10.94 11.46 12.49 
'\J 

Jl7'/5'Ll~ °Ll '1n~1?1bbviwm1?1~n 2 bbvi~ 12.42 12.23 10.01 11.02 11.71 13.02 
'\J 

Jl7'/5'Ll~ °Ll '1n~l?lbbVl~~m?l~n 4 bbVl~ 11.45 13.73 11.10 11.18 11.69 13.63 
'\J 

F-test ns ns ns ns ns ns 

c.v. (%) 8.45 20.54 37.77 18.63 12.50 11.50 

ns = LJ.Jbb!?ln~1~nuvi1~?1ri~ 
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tJ1:i.nrur1'18 bvJmi 11l.l (iJ'1~n1lJ/ t,1111,w1J"u&ibl.lm) 

1r11..:i i:1~1..:imcJ 1 u'LJB..:J.fl 1''1l'U·~u'1n 4 b~8'U 6 b~8'U 8 b~8'U 
'\J 

~'U ~'U~i.'1lJ ~'U ~'U~i.'1lJ ~'U ~'U~i.'1lJ 

Jl1'/l'U~'U'1 n~'J b~cJ'IJ 42.37 41.80 34.60 37.15 38.80 41.93 
'\J 

m'/lu ~tJ'1n&i111bbV1..:J'V-lmi:1&i n 2 bbVl..:J 41.76 41.10 34.33 37.43 39.56 43.58 
'\J ,· 

m'/lu ~tJ'1n&i111bbV1..:J'V-lmi:1&in 4 bbVl..:J 38.79 45.73 33.78 37.94 39.50 45.44 
'\J 

F-test ns ns ns ns ns ns 

CV(%) 7.67 18.90 30.56 17.02 11.37 10.53 

ns = 1:wbbt,1n~7..:Jfl'UV17..:Ji.'1'1&i 

" 

t1 Tl,rUn bb ~..:J 61 TU ti el \11 bbG'l ::el vi 1161 'J'L!tl el 111 ~ el 11 n 

t,1111..:i~ 19 bb '1~ 20 bbi.'1111..:i1~\~ u-h n111-ffn1'/lu~tJ'1n~il1m..:ii:1~1..:in1cJ1'u 
'\J 

'UlV!Umvvf..:i~hucJeJ\11 (fl1lJ/~'U) 

1fl1..:ii:1~1..:imcJ 1 u'1lmm'1lu~tJ '1 n 4 b~el'U 6 b~el'U 8 b~el'U 
'\J 

~'U ~'U~i.'1lJ ~'U ~'U~i.'1lJ \1l'U ~'U~i.'1lJ 

[11'/l 'U~'U'1 n~1 b~cJ'IJ 11 .52 13.58 31.60 44.48 89.56 110.90 
'\J 

Jl1'/l 'U~'Um1&i111bb'Vl..:J'V-lmi:1&in 2 bb'Vl -.'.I 11.40 14.01 34.62 48.43 91.87 112.90 
'\J 

Jl1'1l'U~U'1n&i111bbV1..:J'V-lmi:1&in 4 bbVl..:J 11.23 16.36 35.56 49.72 91.31 117.40 
'\J 

F-test ns ns ns ns ns ns 

CV (%) 18.30 28.07 19.70 18.29 8.62 16.94 

ns = 1:wbbt,Jfl~1-.'.lfl'UV11..:Ji.'1'1&i 



1A1-:i?1·h:irrn.11 'U'1.IB-:i.fl1'1l'U~'Ufl n 
" 

.fll'll'U~'Ufln~(?lbbVl-:JVlm?l~n 2 bbVl-:J 

F-test 

c.v. (%) 

" 

35 

4 b~B'U 8 b~B'U 

~'Ut:-J?llJ ~'Ut:-J?llJ (?l'U ~'Ut:-J?llJ 

3.17 3.09, 2.36 ;:;f.36 3.30 3.17 
I 

2.79 2.60 2.66 2.45 2.75 2.79 
< 

3.19 3.02 2.81 2.19 2.73 3.19 

ns ns ns ns ns ns 

29.81 23.97 17.64 15.14 23.98 24.59 
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.fl1cJ 1 'l..!bb"1t7~1..:Jfl'l..! 1~bbf1 .fl1'1l'l..!~'U'1tl~1 b~cJ'U~'U'ff'il~'l..! (t7 ); .fl1'1l'l..!~'U"1t7&ivi bb'Vl..:J~"17?f &i t7 
~ ' ~ 

2 bb'Vl..:J ~'U';i';i"il~'l..! ("1J); .fl1'1l'l..!~'U"1tl&iV1bb'Vl-:J~'11?f&itl 4 bb'Vl -:J ~l!';i';i"il~'l..! (fl); .fl1'1l'l..!~'U'1tl 
'I '\J 'I '\J 
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V I ~ V 
A 11 :l.J E.111 'lJ el~ 'a1 nbbfl 1 bbl;I ~A 11:l.J E.111 'a1 fl 611'1.J'VI 'lJ ~ :l.11 '1.J 

.fl1'1J'L!~'Ui;l fl~ffim~ i;<1{1-:i.n 7 tJ 1 'LI bb\;l fl~ 1-'.lfl'U hm t:-m~ 0ff.l1l.ltl71'a7 fl bbfl1'lJ 0-:i tJJ 'U fl f{ 7 
'U 

ati1mh-:i 13.75-18.50 bb1;1~ 15.70-20.93 b'll'LI~bl.lm i;i1:1.J'17\1l'U (i;i111-:i~ 22) 
'U 

\;11 'a1~~ 21 t:-Ji;]'lJ'E)~ lfl'a~l;'1{1-:i .fl 7 tJ 1 'LI'lJ0-'.l.fl7'1J'U~'Ui;l fl~ bb\;l fl~1~ fl'U~ 0fl11l.l tl11 'a7 fl bbfl1 'lJ0-'.I tJJ'U fl f{ 1 
'U 

fl17:l.J tl7117 nbbfl1 (b'll'L!~ ~:l.J\;l'J) 

1r1'a~i;'1{1-:im ti 1 'U'lJ0-:im'IJ'LI~u1;1 fl 4 b~B'U 6 b~B'U 8 b~B'U 
'U 

~'LI ~'Ut:-!'1:l.J ~'LI ~'Ut:-!'1:l.J ~'LI ~'Ut:-!'1:l.J 

.fll'IJ'U~'Ui;l fl~1b~tl'U 34.45 39.18 40.30 46.66 50.83 50.27 
'U 

.fl7'1J'U~'Ui;lfl~~bbVl-'.l'V'rn7'1~fl 2 bbVl-'.I 31.75 39.16 38.17 43.60 47.50 50.10 
'U 

.fll'IJ'U~'U i;lfl~~ bbVJ-'.1'1,',Ji;lli;'l~fl 4 bbVl'1 34.50 38.60 39.64 44.65 45 .90 50.55 
'U 

F-test ns ns ns ns ns ns 

c.v. (%) 22.99 10.43 12.45 8.98 11.54 5.23 

ns = LlJ bb\;lfl~7'1fl'U'Vl1'1'1~~ 

fl1 7:l.J tl7117 fl~1'Uvi'lJ~:!J1'U (b'll'U~ b:l.J\;J 'J) 

lAJ-:Ji;'l{ 7-'.l.flltl 1 'U'lJB-'.l.fll'IJ'U~'Ui;l fl 4 b~B'U 6 b~B'U 8 b~B'U 
'U 

~'Ut:-!'1:l.J 
= ~'Ut:-Ji;'ll.l = 

~'Ut:-!'1:l.J ~'LI ~'LI ~'LI 

.fll'IJ'U~'Ui;l fl~1 b~tl'U 4.58 7.88 12.41 15.17 18.50 20.93 
'U 

.fl7'1J'U~'Ui;lfl~\1lbbVl-'.J'\,',Ji;lli;'1~fl 2 bbVl-'.I 4.13 7.00 8.83 10.93 15.20 15.70 
'U 

.fl1'1J'U~'Ui;lfl~\1lbbVl-'.Jv,Ji;lli;'1~fl 4 bbVl-'.I 5.17 6.17 8.27 12.15 13.75 18.40 
'U 

F-test ns ns ns ns ns ns 

c.v. (%) 28.43 47.42 19.81 31.69 18.75 10.98 

ns = 1lJbb\;Jfl~1-'.lfl'UVl7-'.li;'1~~ 
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"' o ~ V I V 

'U 1Vl'Ufl bb Vl·:Ja 'J'U 'a1 fl brn~'a1 fl"lJ \9l :lJ'J'U 

1m-:i'1{1-:i .fl1cJ 1 'LI'IJ'El-:J.fl1"1l'U~'Ui;'l n bb~i;, ~"1l'U\9l 1~:wt:-.i i;'l~ 'El fl7';ji;'{~'1i • .nhvnr n bb iX-:i 'IJ'El -:J 
" 

'El~7-:ihnvn:l.J .fl1"1l'U~'LJi;jflbi;'{1:l.JbbVl-:J~m'1~n 2 bbi;,~ 4 bbVl-:J ~1.ff~'Ut:-J'1:lJbtl'U1~vlbVn~'li111X(,1'Ufl~1:W 
" ' 

tl7Vl'Uflbb1X-:J~1'U':i1fl'1-:J'1vl 41.08 bbi;,~ 42.98 fl1l1~~(91'U M1l1'11~'U bbjMfl~1Wl1-:J'1~~fl'LJ(,1'Ufl~11'LI 
" ' I ' 

.fl1"1l'U~'LJi;'jfl~1b~cJ'U~:Wtl7Vi'LlflbbiX-:i11rn-wcJ-:J 33.56 fl1:l.J~Btii''U (m11-:i~ 23) bbi;'1~~1Vi1'l.Jfl1';ji;'{~i;'{:l.J 
" < 

bbi;,~ 2.76 nf:i.J~'EJ(,l'U m:i.J'11~'U b~mtJ~cJll b'VlcJ'Ufl'U.fl1"1l'U~'Ui;,fl~:W bbvi-:i~m'1~n 4 bbvi-:i (,1'Ufl~1:w 
" 

J1vii1rnbiX-:i11n'IJv11J1'U1;'lvli;,-:J 27 .16 bbi;,~ 8.70 b'UB1b~'Uii M7:i.J'17~'U ~~b"Mt11~11J1vii1rnbiX-:i11n 

'IJvllll'U:Wbb 'U11 U:l.Ji;,v)i;,-:J(,11:l.Ji1'U1'U'IJ'El-:JbbVl-:J~i;,7i;'{~fl~b ~:l.J:ff 'U (M711-:J~ 24) 

1.J1Vi'Uflbb 1X-:i~1'U':i1 fl'Vl-:JVl:l.Jvl ( fl1:l.J/(91'U) 

1m-:i'1{ 1-:imcJ 1 t1'1JB-:J.fl1"1l'U~Ui;,n 4 b~'El'U 6 b~'El'U 8 b~'El'U 
" 

~'U ~'Ut:-Ji;'{:l.J ~'U ~'Ut:-Ji;'{:l.J ~'U ~'Ut:-Ji;'{:l.J 

.fl1"1l'U~'Ui;, fl~lb~cJ'U 3.63 4.40 13.37 18.84 31 .90 33.56 b 
" 

.fl1"1l'U~'LJi;jfl~vlbbVl-:J~i;,1i;'{~fl 2 bbVl-:J 4.09 5.38 13.02 19.79 31.18 41.08 a 
" 

.fl1"1l'U~'LJi;jfl~vlbbVl-:J~i;,1i;'{~fl 4 bbVl-:J 3.52 5.42 12.64 22.74 31.56 42.98 a 
'\J 

F-test ns ns ns ns ns * 

c.v. (%) 11.68 8.29 7.12 12.60 19.07 9.27 

ns = hlbbMfl~1-:Jll'U'Vl1-:Ji;'{~~ 

' ' ' 
* = bbMfl ~1-:J'Vl1-:Ji;'{~~'VJ';j~~'Ufl11:lJb~m:ru 95% 
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6 b~el1.J 8 b~e:J'U 

.fl1'1J'U:::Ufl fl~ l b~tJU 0.17 0.28 0.58 1.03 2.32 a 2.76 
'IJ I 

m'IJ'U:::uflfl~~bbVl--1'\Almi:l~fl 2 bbvi--1 0.15 0.21 0.43 0.95 ' 1.81 ab (21.98%)112.63 (4.71 %)'Ii 
'IJ 

< 

m'IJ'U:::tJflfl~~bbVl--1'\Alfl7i:l~fl 4 1.1.vi--1 0.12 0.24 0.54 0.58 1.69 b (27.16%) 2.52 (8.70%) 
'IJ 

ns ns ns ns * F-test 

c.v. (%) 53.18 39.73 23.25 48.62 13.72 

' ' ' 
* = bl.\9lfl~1--1Vl1--1i:l~~'Vl'J:::(i)Ufl11:lJl.;m.J'U 95% 

ns 

11.33 

f'll l.iJ~ t.l 1 'Ui:l~:lJ./7 b~ t.llfl'U~:UeJfl~':i~ l--1 fl'U bl. \9lfl ~1--1 fl'UV11--1i:1~~~1fl fl1':i1 1.fl':il:::'lfa UU DMRT 

n LL ci ~'U = ~1bfl'll1'U1--11.~u ~el 1.tJel{1.~m11J1vitTmbvf-.:i'llel-.'.l':ilfl'll~ii'1 'Ll ~fl~fl--1bdmtJ~tJrnvitJunu 

.fl1'1J'U:::tJ fl fl ~1 b ~ tJUJ-.'.l~U':i':i~ ~'U bbfl::: ~W:-Ji:l:lJ \911:lJ i;'l 1 (i)U 
'IJ ' 

btJei{1,s'iiu 1?hlT1i'lum1,vf-.:i "llei--111 11 6'i1uuu m n-.:i bb6l ~~h-.:i 

fll':i 1 im'IJ'U:::Uflfl~illm--11:1{1 -.:i m tJ 1 mb\91 fl~1-.:i n'U h iilt:.Jfl ~ el fll':ii:1:::1:1mJ1 bb vf-.:i'J1 fl 
'IJ 

J-.:ivi:iJ~"llel-.:J {/j''U fliK1 ~:::1. ~'LI 1~11 J1vitT fl bb vf-.:i'llel--1':il fl 1 'Ll l.l.~fl:::.n 7'1J'U ::: tJfl fl~u ':i ':i~ ~'LI bbfl:::~'Ut:.Ji:l:lJ 
'IJ ' 

(911:lJi;'Jl (i)U ( \9l1':i1--1~ 25) el c.11--1 bnmlJ bd elbbt.l m1 flbl.f11 el el fl~l fli;11'U ':i1 flbl. 'LJ'U--1 I.I.fl :::';il fl~ el tJ 'WU'"J 1 

I. tJ el{ b~'U~ fl'J::: ~ 1 tJ 'LJ el-.:Jtl1Vl'U fl bb Vl--1 ':il fl l.b~ fl:::i;11'U :iJ fl11lJ bb\91 fl ~1--1 fl'U 1 'Lll.b ~ fl ::: .fll'IJ'U:::tJ fl fl L~ tJ 
'IJ 

1 'Ll .fl 1 'IJ 'U ::: tJ fl fl ~ U ':i ':i ~ ~ 'U bl. fl ::: ~ 'U t:.J i:l lJ \911 lJ r;'l 1 (i) U bl. \91 fl ~ 1--1 Vl 1--1 i:l ~ ~ fl U .fl 1 'IJ 'U ::: tJ fl fl ~ 1 b ~ tJ U 
'IJ ' 'IJ 

(\917':il-.:J~ 26) bl.fl:::~1vi{u'J1flu~b 1ru?i1'Uflr11-.:i 'l"lu11 bUel{b~'U~fll':ii:l ::: i:11Jtl1vi tTmbvf--1':i1m1.'tl'U--1 bbfl::: 

':i7 fl~ el tJ hlilA111J bb(,I fl~1-.:ivi 1--11:1~~1 mb~fl ~.fl1'1J'U:::ufl flJ-.:i 1 'Ll1i:l~ 1. '\Al1 :::i1~ b U'U~'U el c.11--1 b~ m bbfl:::~'U 
'IJ ' 

t:.Ji:llJ 1~tJ:iJtl1V1'Uflbl.Vl-.:J'LJel-.:J':ilfl elc.11'U~1--1 21.23-23.01 bbfl::: 20.51-24.98 bUel{b~'U~ \91 1lJi;'J1(i)U 
'IJ 

I.I.fl::: fl 7 ':im:::~1 tJ(fll'IJeJ--1':il fl I.I. 'LJ'U--1 I.I.fl :::'Jl fl ~ el tJU~b 1ru?i1'U~l-.:J'LJe)-.'.j.fl1'1J'U:::tJf1 fl '\AIU11 (ij''U fl i11~ b ~~ru 
'IJ V 
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bbfl ~11 n ~ eJ tJ b ~:wt'U L 'U?fl'UU'U bbf!~iJ n11f! ~ fl-:J'UeJ-1 b ti eJ{b~'U~tl1V1un bb ~-111 n bb 'LJ'U-1 bbfl~'J7 n~eJ tJ 

u~b 1ruci1'U~1-:im'li'U~tlfl n ~-:ivr11 ~lil'U n'11iJ b tleJ{b~'U~'UeJ-1tl 1V1u flbb ~-111 n?t1'U~'LJ~lJ1'Ufl ~fl -:i 
'U 

.-

t,111°1~~ 25 ~fl'UeM 1m-1G1{1-:imtJ 1 'U'UeJ'1.fl1'1i'U~tlfl n~ bb\?ln~1~ fl'U~m tleJ{b~'U~m1G1~G1:wtl1V1u mb~-:i 
'U 

b ti eJ {b ~'LI~ n 11G1~ G1m.! 1V1u n bb ~-111 n-v(-:ivi:w ~ 
I 

ci1'Unm-:i ?f1'U~1'1 
1m-1G1{1-:imEJL'U'UeJ-:Jm'li'U~tlfln 

G°11'UU'U 

'U (0-11 b'lf'U~b:W\?l'J) (12-22 b'lf'U~b:W\?l'J) (23-34 b'lf'U~b:W\?l'J) 

~'LI ~'U~G1:W ~'U ~'U~G1:W ~'U ~'U~G1:W 

m'li'U~tlf!n~h b~t.Ju 53.85 44.95 22.02 30.68 24.13 24.37 
'U 

m'/i'U~tlf!n~~bbvi-:i~mG1~n 2 bbvi-:i 49 .91 49.98 26.62 2-6.63 23.47 23.39 
'U 

m'li'U~tlf!n~~bbvi-:i~mG1~n 4 bbvi-:i 47.27 52.01 29.69 24.79 23.04 23.20 
'U 

I ..; 
fl1buflc.J 50.34 48.98 26.11 27.37 23.55 23.65 

F-test ns ns ns ns ns ns 

c.v. (%) 6.58 12.62 12.90 32.08 17.70 16.02 

ns = hlbb\?ln~1-1n'Uvn-1G1~~ 
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~'Ut:-J?lll 

btle:rh~t1~m1?1~?1mhv111mb1X~'IJe:J•n7nbb'IJWbb'1~11mJmJ 
I 

~1t1nm,,'J ~1'U'17,,'J 
1m,,'J?J{7,,'JJ77c.J 1 t1'1Je:J,,'JJl1'1Jt1~tl6'1 n 

?ll'U'\J'U 
L " (0-11 b'll'U&ibllm) ( F-22 b'll'U(y)blJ(y)'j) (23-34 b'll'U&ibllm) 

~'U ~'Ut:-J?lll ~'U ~'Ut:-J?lll ~'U ~'Ut:-J?lll 

m'IJt1~tl6'ln~1b~c.J'\J 32.51 b 28.48 b 21.23 21.01 46.26 a 50.51 a 
'\J 

m'IJ'Ll~tl6'1n &i \9lbbVJ,,"J'Wm?l&in 2 bbVJ,,'J 41.31a 41.43 a 23.01 20.51 35.67 b 38.06 b 
'\J 

J77'1J'U~tl6'ln &i \9lbbVJ,,'J'Wm?l&in 4 bbVJ,,'J 43.76 a 37.82 a 22.21 24.98 34.03 b 37.21 b 
'\J 

F-test ** * ns ns ** * 

c.v. (%) 6.05 6.94 23.88 15.40 . 11.12 9.77 

ns = 1~bb(y) n~1,,'Jfl'UV11,,'J?l~&i 
' ' ' 

* bb6'1~ ** = bb(y)n~1,,'JV]7,,'J?J~&ivh~~'\Jfl11llb:Umr'U 95 bb6'1~ 99% (y)71J'17'~'\J 

fl7 bu~c.J 1 'U?l \9l lJJ7 b~c.Jl fl'U~:WeJn1!1'1~1,,'J fl'U bb(y) n~ 1,,'J fl'UV11,,'J?l~&i\11n fl111 bfl'j1~'l.fo '\J'\J OM RT 
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~'U (n); .fl76U'U~'llrin&i~bbVl-:J'V-1'11?t&in 2 bbvi-:i ~m'.i:U~'U ('V ); m-u'U~'llrin&i~bbVl-:J'V-lm?t&in 
" ' " 

4 bbvi-:i ~'U'.i'.i:U~'U (ri); m-u'U~'llrin~,..H~t.1'\J ~'U'.i'.i:U~m.rnll (-:i) ; .111'/l'U~'llrin&i~bbvi-:i 
'I '\J 'I '\J 

'V-lm?t&in 2 bbVl-:J ~'U'.i'.i:U~'U~?fll (:u) bbrt~.ll7'1l'U~'llrin&i~bbVl -:J 'V-lm?t&in 4 bbvi-:i ~'U'.i'.i:U 
' " ' 

~'U~?fll ( Q) 
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b?l~:w b i11 'l.J b~B b 'l.J~m.J b vi c1u nu11 n'VB-:Jlili.J n~11 i.J .f17'lli.J~'l.J~ n~1 b~ c1\J~jJ n11 b'1~t1J'VB-:J17 n~hJjJ 

vil"1Yl7-:J zj,:in11b?1~:w bb vi-:ivff11?1~nmc11 i.J.f11'lli.J~'l.Jr1 n 1:JjJe.Jr1~0n11bb~ ntrn'VeN bb vi-:i1M1b YJ1~i1 b~B 
" ' 

bbn~00n'11nm'lli.J~'l.Jr1 n (mYJ~ 5) n11'l.Jr1nlili.Jn~1 GJ1-:i-w1111 i.J.f11'lli.JJ'l.Jr1 nY11-:i m~uein~ b?l~mb vi -:i 
'U 'U ' 'V 

'W &'I 1 ?I~ n.f17 cJ 1 i.J ~ 1i.J1i.J 2 bbr! ~ 4 bb vi-:i ?11:lJ11bl'U1 cJ li½~i.J n ~ 1 mm-:i ?I ~1-:J 'V 0-:J 11 n~ ~ jJ nl 1 
, 

bb~ n bb 'Vi.J-:J'V0-:J11 n bb 'Vi.J-:J bbrl~11 n~ 0 cJ~1 i.J~li.J'\Ji.J'V 0-:J bb vi .:ii' ?I~ b 'W 1 ~'(!1 bbrl ~'111 cJ 1-1½11 n'V~illi.J ~ 1 -:J 
' 

b~B b 'l.J~c1u b vim.Jn'Ulili.Jn~1~c11c1'l.Jr1 n 1 i.J.f11'lli.J~'l.Jr1 n~1 b~c1u 
" " 

bb'Vl-:J'Wrll?l~n 2 bb'Vl-:J ~'\J11'1~i.J ('V) ; .f11'Vi.J~'Urlll~~bb'Vl-:J'Wrll?l~n 4 bb'Vl-:J ~'\J11'1~i.J 
' " ' 

( fl); .f17'Vi.J~'l.J r1 n ~1 b~ c1u~u11'1~i.Je.J?1:w (-:i); .f17'Vi.J~'l.Jr1 n ~ ~ bb vi-:iYJr11?1~ n 2 bb vi-:i 
" ' " 

~'\J11'1~i.Je.J?l:W ('1) bbr!~.f11'lli.J~'Urlll~~bb'Vl-:J'Wrll?l~ll 4 bb'Vl-:J ~'\J11'1~i.Je.J?l:W (Q) 
' " ' 



d 
'U'Vl'VI 4 

-r~~b'V'l1~"lJ1~ihhvrunb'U16i1'VlfU fl1'HJ ~ (,)~'Un ~1t11.:f 'V'l1~1bviei1-iibtl 'U~'U(,)~ 
'i I !11 f I 
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fll~flmnl?f (,)b V,7~'/JTVHhhvnr n b '\Jl(i) B fll~t lil~hu b~'\J b\,l'/JB-'.l~'l.J rnK1 t.11-'.l'V'll~l b vl B 1 -if 
' l V 

b'UtJ~'l.J(,)B b(,)t11-if1?f~b'V'l1~'111 7 ~(,11 v,u11 n111i61Jt1:J.J~'V'l111bb;;,~n1ubbmm 1m:Y(,rnci11.J(i)7-:J 1 

?f 1:J.J 1 'H1'ti1 t1 i;'l (,)J 1 ·vnr n'/J B-'.ll l;'f ~ b V,7~'IJ11Ji'n-:i 23.00-38.60 b tJ B 'h~u (,1 bn B b U~t.1'\Jb vi t.1'\J fl'\J 
' 

(m11-:i~ 4) b(,)tJfll'je.J~(,)~'l.Jtl~lt.11-'.l'V'll~l b ~B 1-if btl'l.J~'l.J(,]0 ~'l.Jtl~l~B-:Jm'l.Jl(,)'/JB-'.lb61'l.J~1'l.Jfi'l'l.J6 nm -:i 
" 

tJ1~:J.J1ru 9-25 :u;;,~b:J.J\?11 (?fmuu1~t.1t.11-:i, 2555n) BnJ-:i16'J(,)b'V'l1:::i1~iJ&iue..i?f:J.J'/Jt.1:J.J~v,111bb;;,::: 
' ' 

ci1mbn;;,u e:Ym1ci1u 1:1:1 i1J1vitl'n'/Ja-:i1?f(,)b'V'l1:::i111:J.J~un~1;;,(,);;,-:in-:i 36.50 btla{b~tJ(,1 
' 

11t.1-:i1u11 n111 -if1M1b v,1~i1~i1J1vitl' n b m bbi;'l~ b Vl:J.Jl :::?f:J.J(i) a n11b1u~ru b~U h1vl•1nlu ?f1:J.J11t:1-tl1 t1 
' V 

c:i,, !,I I <VI c:i,, 6' Q..lc::i. d IQ../ O 

(,)'l.Je.J6'1:J.J'/Jt1:J.J:::'V'l111bbi;'l:::mmbn;;,u Bml?fl'l.J 1: 1: 1 :J.Jll bfl11~Vlfl(Ul;'f:JjtJ(,)'\/l1-'.lbfl:J.J 'V'l'\J11 16'1(,) b'V'l7:::'/l1 
' ' ' 

&iue..i?f:J.J'/J'W(,)~-:J n~11iJr1ru?f:J.Ju~~~ bbi;,~b V1:J.J1~6'1:J.J n1116'J(,)b v,1:::i1~ b tlu&i uaci1-:i b~t.11 ('/J(,)fllUA:J.J) 
'I 'I 'I 'I 

1ll111u~b U'l.Jfl1fl11:J.Jb U'l.Jn1(,)b U'l.J~l-'.l fl11:J.Jlil 1tJt771bbi;'lnbU~t.1'1.Jbbfl(,) LBBB'l.J U~:J.Jl(UB'l.J'Vl~t.11(,)fl bbi;'l~ 
' ' 

tJ~:J.J1rum{uau (m11-:i~ 8) a1111ru (2555) 11t.1-:i1u11A1m1mtltJm(,)b'UtJ~1-:i iJe..i;;,(,)Bfl17:J.Jb'UtJ 

U1~ bt.1'/J1.J'/JB-'.l61(>1 B1Vl11 zj-'.l fl 1fl11:J.J b 'U'l.J n';i\,I b 'U'l.J~ 1-'.l ~ b Vl:J.Jl~?f:J.J(i) B'Bl \,I B1Vl11'/JB-'.JVj'/J:J.J1 tl~ l;'f (,) 
' ' ' 

m1at.11u-tl1-:i 6-7 (tl'u'Vl'f(>ltl, 2558) Mnv,1 bb;;,:::tJ1~1'Vl6 (2558) 11t.1-:i1u11n11b~:J.Jci1mbn;;,u1u 
" ' 

e:Ym1ci1u~ b ~:Jj~'l.J iJe..i;;, 1 i½fl1fl11:J.Jb 'U'l.Jn';i(,) b 'U'l.J~ 1-'.l b ~:J.J6'1-'.l~tJJi'1 t1 b ~B-'.l:J.Jllill tlf11 '1.Jbbtli;,UiJ?f J71V, b 'U'l.J 
" 

~1-'.l iJfl1fl11:J.Jb'U'l.Jn1(,)b'U'l.J~1-'.l 7 .92 zj-'.l?fB(,)fl~B-'.lflUfl1111t1-'.l1'l.J'/JB-'.lU1:::'V'l7t1 bli;,~l;'f'/J~'l.J(,1 (2540) 
' 

~'V'lU11 n111-if&iue..i6'1:J.Jf11'1.Jbbtli;,tJ1ue:Ym1ci1u 1:1 bbi;'l~ 1:2 ci-:ie..i;;,11½1?f(,)lV,7:::'117iJfl7fl11:J.Jb'U'l.Jm (,) 
' 

&iue..i ?f :J.J'/J t.1:J.J::: v, 111 bbi;'l::: ci 1ml n ;;,u 1 u e:Y (,I 11 ci1 u 1: 1: 1 v,u11 iJ tJ~ m ru51 (,I 1 u b(>l 1 b 1u u J-:i Vl:J.J \11 
' ' 

'VJa?f'VJeifa~ b tlutJ1dt.1'1J1.J 1 v, bb 'Vlm;t.1:J.J ~ b tlutJ1~ bt.1'/Ju bbi;'l~ bb:J.Jtl'Llb;t.1:J.J~ b tlutJ1~ bt.1'/Ju ~iJtJ~:J.J1ru 
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1:1~ f\11 ~'U 6 'V1 cJ ~ el 81~ 6~ cJ1 ( 'd~ fl1'\J fl:W) 6~el~:W7'11 fl'll cJ:W ~'\l'l ~116 U'U ')i:1 ~ ~iJ51 \?l 1 'V'l 66 Vl i:16; cJ:W el ci ?I~ 
'ti q q q 'I 'I 'ti\/ 

(Evans et al., 1996) 6661~ci1m6fl61UiJ01\?11'LI1m6'1'U 6661~66~ni:h;cJ:wi:1~ (,Jfo1Jl'H1J, 2546) 
' ~ 

0 nJ ~'ll cJ:W ~'\l'l ~11 6661 ~ ci 7'U66fl 61 '\J cY ~ 6 u u -fa ~ ~ iJ fl 11:w 1:11:w 11n 1 u n 11 /5:w J 1 ~ 6661 ~ 1:11:w11n 61 ~ n 11 
' ' ' 

1:1 ru 6 ~ cJ 'lJ el ~ 51 \?11 tl 1 \?I 1 6 '1 tl 66 61 ~ 1 'V'l 66 Vl 1:1 6; cJ :W ~ 6 fl ~ el 'U fl 1 cJ 1 tJ fl '\J t111 v1 el 8 1 ~ 11 fl \?11 :W fl 1 1 6 &\ :W 
~ ., ' 

u~nru6'll\?117fl~'d (i:llJ\?117, 2555) Jaenicke (1999) 11cJ~1t11111:1~6~1~i1~iJm1:wvv1m~i:l:W~el 
' l ' 

fl116'1~ru 6&\'U 1\?l'llel~~'llfl11iJ ~~i:11'U'lJ el~'ljel~17~ e:J1 fl1 f"l 6661~J1 el81~61~ 25 6 'Uel{6~'U~ 6661 ~Vil fl ., r 

11:1~ 6 '\l'l1~'1l1iJ'liel~11~'lJel~e:Jlfl1f"l~~16f1'U 1 'U '1~Vl11 'l½~'llV!cJ~ fl11i:1~1~17fl 1 mJ ('\l'l6cJ11 6661~Aru~, 
' ' 

2557) '1~6 ~'LI 1v111 (;l'Ufl~7 m~Vl111~6'1~~6&\u 1\?l 1 'Ll~'Uel87~ 6~miJtl1V1un1:1~1:11u11m~cJ~ 17 .09 

n{:w~el(;l'U (m11~~ 5) el1'16 U'U6'\l'l11~1111:1~ 6 '\l'l7~'1l7~6 U'U~'Uel87~6~m iJm11~mcJJ16661~m fl1Pl 
' 

1~ll~mnun 6661~:nm1:wmJuviun11~mm:w'llcJ:W~'\l'l~116661~ci1u66fl61U 1 u5m11:11u 1: 1: 1 ~~'V\'111½ 
' 

i:11'U17flUelcJ61~ i:lel~fl~el~fl'\Jt:,J61fl11P1fl~7'llel~ Salisu 6661~flru~ (2017) ~'\l'l'\J17 fl11'U61fl\;l'U\?lel ,, ~ 

cJ1~'\l'l1111 'U1i:1~'U61 fl~ 6 U'U~tl Oxisol 6 ~ cJ~ el 81~ 6~ m 11½\;l'U\?l el~:nJ1V!'U m6 'IX~i:11'U11 nu el cJ~ 1:1~ 
' ~ ' 

1:1l1m1, 2555; Asiah, 2004) lii'~i!u11:1~6'\l'l1~i1~iJ~'Ut:,,1i:1:W'llcJ:W~'\l'l~116661~ci1m6n61u 1u5m11:11u 
' ' ' 

1: 1: 1 ~~6U'UVl1~6~elflV!~~~6V!:IJ1~i:1:W1 'Ufl11t:,,l~\?l(;l'Ufl~1cJ1~'\l'l1116~mu'U\;l'U\?lel&i~\?11~el 1 tl 
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b~cJ1bb'1~~t!~61ll'1JcJll~'V'l{T·.m'1~ci1'lmmru 1 u5m1~1t1 1: 1: 1 h1m.fhnm 'WU17 Ji'un~1cJ1-:J'V'lTn 
' 

~if 1cJtJ'1n 1 t!bb~'1~.f1761!t!~tJw1 i15m1 nTH'<il1rub~'U-L(,)Vl7-:J'17Ji't!~ ~1~~bAcJ-:Jflt!'vY-:i 1 t!\977t1A11ii61 -:i 
'\J 'V <U ' '\J 

'11t!1t!1 U~e)cJ b?ft!~lt!v'!t!tlnm-:i b?ft!1€JU1-:J tJ1mrufl'1e) b';i~i;1~ be) flffel b';jyJi;1~ u fl'1e) b';jyji;1~ 11ll 
'\J ,, ... 

tl1V11Jmb'l½-:i~1umw1 bb'1~B(,)17~1t!cJeJ(il~m1n ((,)111-:1~12-20) ~eJ7cJ 6 bb'1~ 8 b~eJt!V1;;r-:ic'.f1cJtJ'1n 
' \J 

'V'lu11 Ji'un~ 1 m-:i'V'l111i1'1Jt!l(il b?lt1~1t1v'!t1tl nm-:i '1JeJ-:J'11Ji't1 eJ~1 mh-:i 11.29-11.41 11. 71-12. 00 
\J \J 

13.89-14.19 bb'1~ 14. 99-15.88 i1'1faiim (,)1lJ'11(;1U ((,)711-:1~ 14) mm1t1 H'J1V1fof1Tj~(il(,)1cJ1-:J 

~t!'B~L\97 (61mut11~cJcJ1-:J, 2555n) 1 t1\977t! f111~~t!7'1JeJ-:J17f1'V'lU17 .f1161!t!~tJ'1 n~il m1 b611llbb vi-:i 
' \J 

'V'l'1761~f1 L'1.f11cJ1 t!~1J-:1'11t!1t! 2 bb'1~ 4 bb vi-:i 'Vl1Vl'LJ1~b'Utl61t!t!t!\971t!1 t!.f116l!lfotJ'1 f1~~1 cJfl1Uflll 
\J \J ' 

(.f17'V'l~ 6) Dickinson bb'1~ Whitcomb (1978) eJ7-:Jb(ilcJ Mckee (1985) 17cJ-:J7t!17iY'L!t!t!bbt!1i-:i 
\J 

61eJ(ilfl~eJ-:Jf7Uf171flf1'l':t7'1JeJ-:J Khurram bb'1~flru~ (2017) 'Vl'V'lU11Ji't1n~1 Afghan pine 

(Pin us eldarica Medw.) ~tJ'1 n 1 ti.fl 761!t!~tJ '1 n~il ~t!t!t!bb t11i-:i iltJ1m ru'1JeJ-:J 11 n JJ1t!1t! '1 (il '1-:J 
" " " 

b ~eJ-:J'<il7 m~eJ11 n b'<il1t1Jll161!t! bb vi-:i'V'lm61~ n~ ~(il 11-u1-:i~11'-:im61!t1~v\'11 ~11 n b tJ~ cJt1viv'lV11-:im "ab'<il 1 tlJ '1 -:J 

1 t! bb t11 ~-:i zj,:i 11 n ~ n'l':tru~(;l-:J n~11 v\'11 'I½ Ji'u n~1i1 m1 b '<il 1tlJ b~u L(,) L\97 eJ ~1-:i11(il b ~1 bb'1~611m1t1Vlt! ~ eJ 

61.f17'V'lbb1(il~eJll~hibVlll7~61ll1t11~cJ~Vl~-:JcJ1cJtJ'1n'1-:JbbtJ'1-:1L\97 (Nelson, 1996; Rung, 2003; 
" 

Schuermans, 2011) €in'vY-:in161!t1~tJ'1nV11-:im~UeJf1~b611llbbVl-:J'V'l'1761~f1 2 bb'1~ 4 bbVl-:J vh1'1½ 
" 

Ji'un~1ilm161~61iitl1V11Jmb 'l½-:i11mb '1Jt1-:Jbb'1~11ni;JeJcJ61-:i 41 .31-43. 7 6 bb'1~ 3 7 .82-41.43 b '\.JeJ·h~uv, 
" 

bb'1 ~~t!~61ll (,)1lJ'11 (;JU bb(,) f1~1-:J Vl 7-:161'1~ flU.f1161!t!~tJ'1 f1 e'.h b~ cJU~(;lt! f1 ~ 1i1 b tJ eJ 'h~t1v1tl1V11J f1 bb 'l½-:i 
" 

'1JeJ-:111nbb'1Jt!-:Jbb'1~11f1i;Je)cJlllf1~61(il 46 .26 bb'1~ 50.51 btJeJ{b~t!vl 1t1U1b1ill~1t!~7-:1'1JeJ-:J.f1161!t!~ 
' 

' ' 
'1J(ilJJ1t!'VlU~b1illflt!.f1761!m~tJ'1f1'VleJ1t.l 8 b~eJt! '1(il'1-:J 21.98-27 .16 bb'1~ 4 .71-8.70 btJeJ{b~t! vl 

\J ' 

' ' ., 
11nV1i1flrum'V'l ~-:i;u 

' 
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'<\I 1 fl fl 11 ~ fl 'l'J-7 d bb 6'1 ~-:i 1 ~ b 'MU i 1 fl 11 b ~ :w~ 11...111...1'/J e:i-:i bb vi-:i~ 6'116'1~ fl Vl~eJ Juuu~ 
" 

u1b1rui;J-u-:imc.11um'1Ju::;u6'lfl~llbbvi,mm6'l~fl 2 bb'1~ 4 bbvi-:i i:~e:iu-:ir1um1b'<\11ru'IJeJ-:J'i7fl6'17m'ifl 
SJ V 

'111 c.11 ~~1...lfl~1iJ fl1'i m~'<\17 c.1!?l1'1Je:i,n1fl bb 'll1...l..:Jbb6'1~11 fle..le:ic.1 b ~:w~u 1 mhuuu'/Je:i-:im'llu~u6'1 fl J-:i 1 u 
'U 

11 fl'IJ~~11...1u1 b 1 runw11'1Ju~u6'1 fl 11?1 BflJ-:in11b'<\11rub~'U 1(,l'IJeJ-:i~u fl~ 1~ c'fi cJU'1 fl 1 w11'1Ju~u6'1 fl ~ 
'U Q.J 'U \.I 

e. i.J I Q.I I Q.I t O .0::::,,. 1 'V'V V d 
'U'i'i'<\1~1...li;J6'1:J.J'/Jc.1:J.J~~'i11 bb6'l~fl71...lbbfl6'l'U eJ(>l'il 1:1~1 ~'U17 16'l~b~7~'1J1~1...li;J6'1:J.J Vlt,11...lfl611VleJ1cJ 6 

bb'1~ ,8 b~e:iu~~-:ic'f1c.1u6'lfl iln11b'<\11ru b~ult,1~~ J-:im1-wJ m~1~c.1e:i~ bb6'1 ~~11...111fl 6'leJ~fl~e:i-:i ~ u 
\I <I.I ~,... 

flill6'1:J.JU~V11-:J bfllJ'IJe)-:J~1...li;J6'1:J.JVl~-:J tJ1 c.lU6'lfl~ll fl 7 fl11:J.J b 'U1...l fl'j~ b umh-:i fl11:J.J'<\l 11...lfl1'ibb6'lflbU~ c.11...l 
' " ' 

bbflt,11e:ie:ie:iu u1mru51t,11 u fawimJ-:iVl:w~ vJ e:i6'lvJe:ifa~ b tluu1~ 1c.1'1ltl 1 ~ bb vim;c.1:w ~ b tluu1~ lc.i 'lJ tl 
' 

'IJeJ-:Jbb Vl-:J16'l~b~1~'1!7 
' 
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f111Pi mn ~ i;,'U el-ir!?lvi L '\All ~'/11 LLi;,~ 1m.:i?l17.:J.f11'/J'U~jU~ n\91 el f11Wil~f1:!L~'U 11,l'Uel .:J 

1'1'Un1;11m.:i'V'l111ffi idJ'Ul'1'Ul,lel ?11tJ~ 1;, 1(i1 tK.:id .-
' 

< 

1. f111L u;tJ'U L Vlt.l'U1M1L 'V'l1~'/11~ihh,n1 n L 'Ul~L VllJ1~?llJ\9lelf111L'1~ruL~'U 11,l'Uel.:J 
' V 

iJ m 1 L :u ~ru L&\u 11,) vY 7'U 'U'U 7 (,) LJmh'LI f"l'U J n 1;, 1.:i 'U el.:J '17(,) 'U 8. 62 ii 1;, fal.l I,) 1 J1V!'U n ?l ~H'11'U tJ el vi 
V 'lJ 

QJ I ii I Q./ I ll d I Q~ Q..I V O d 
43.47 mJJ(,)ell,l'U LLi;,~?lTLn1n 26.59 ml.ll,lell,l'U mnvi?lvi LLl,ln(,)1.:ivi1.:i?lt:1(,)f1'l.J1?lvib'V'l7~'/J1V1 

' ' 
b 'U'U ~'LI el~ 1.:i L~ t.!1 bbl;',~ v111 'MiiJ1V!'U ni' ?l (,) L '\All ~i111:1J 1'1'U n1;111;, vi 1;, .:i ~.:i 36 .50 b tJ elf b~'U ~ ' ~ 

2 . .f11'/J'U~U i;, f1Vl 1 .:J n 1~'\J elm~ i;, 7 ?l ~ nvi'Ubb?l.:J ~v11 ~ &\ (,) bb 'Vl.:J'V'l i;, 7 ?l &\ n v1 l'U 'LJ 1.:J 2 
'U 

n1~:u 1 tJ(?]l'Uel.:J 11 n bb 'U'U.:J LLi;, ~ 11 n~ el t.11 'U1U'Uel.:JJ7Vl'U n Lb 'M.:J~ ?l.:J?l(,) 1 'LI'U~b 1 ru ~1'U'U'U'Uel.:J.f11'1J'U~ 
'U 'U ' 

tJ1;, n bb1;,~i'.itJ~m ru11 n bb 'U'l.M bb1;,~11 n ~elt.l~~1mh.:im'IJ'U~tJ1;, n1;,(,)1;,,:i b~el b u;t.Ju b v1 t.Ju nu .f17'1J'U~ 
'U 'U 

tJ 1;, n vi 1 .:in 1~uel n'V'l1;, 1?1~ nviu bb?l.:J ~ tif 1 ~hi~(,) bb Yi.:i'V'l 1;,1?1&\ n Vl~el ~1 b 1 tJ u zj,:i ~ .:i ~1;, 1 "Mll\,l'U n 1;11:ri 
'U ., 

tll'Vl'U n Lb 'M.:J11f1'U(,)~1'Utlelt.li;,.:J 

3. "1'Un1;11tJ1.:i'V'l111~el1t.1 6 bbi;,~ 8 b~el'UVl~.:iEY1t.1tJ1;,n1'LI.f17'1J'U~tJ1;,n'V'l1;,1?1~n 
' 'U 'U 

15.82-15.88 ij1;,foJJ(,)1 (,)1J.Jl;11\il'U i'.11m.:i?1{1.:i'Uel.:J11 n~~ bbi;,~:r1J1V!'UnL 'Ul ~1 t.l\9lel f111'U'UEJ1tJ1 tJ 

tJ1;, n 1 'U?l.f11'V'lbb tJ1;,.:itJ1;, n 
'U 'U 
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f1';i:l.J1'1J1f11jl.f1~(,l'j. 2543. ~n~ru~eJ1f11j'1J1~61{,lel1V!1j'1Je)--1~'1J. f1';i-.1l. Vl'\l'-li: h,r~m·hm.JlJ?lV!mru , q , , 

m111'1J1f11jl.f1~m . 2548. t;.J~(,l~'LinA1c.11-.:ii1~-.:i~ru.n.:r1"'mm_,Fu. [eJe:ijU1m1J i.-v1~--11~~1n 

http://www.doa.go.th/pibai// pibai/n7 /pibai n:7.html [l.6V7~-.:il.ifo 28/1/2561]. 

m11161'1 mm. 2556. 11'1 ri1 c.11--161-.:ie:ie:i ml.c.Jn m1JtJj~ l..flVl'/JeJ-.:i 1 VJ cJ. [eJeJ'U 1m1J l. -v1~-.:i 1~~1 n 
' " 

http://www.rubberthai.com/statistic/stat_index.htm [l.6V7~--1l.~eJ 1/6/2559]. 

n~m i.~-.:ium~, ~1?11611 trrnl611 l.l.'1~?11cJrui,1 ?l~~- 2555. Pin~7f11jl.~~rul.~1'l.Jb(,l'1JeJ--1j7f1~'UnA1 
S V 

c.11--1'\1'-11j1~'U15 i-.:i l.~lll. ~e) 1 -iii. 'U'U~'U{,l e)~'"J cJ l. Vlfl'Ufl 1 j b'lf(,ljeJ'l.J. '"J7ji;'l7jl.f1~{,lj'\,'\lj~~e)lll.f1A1 
' 

30: 78-86. 

flru7~1jtJ.fl1f11'1J1U~~1Vlc.11 . 2530. riilmJnu&imjtJ~~1Vlc.11l. -de:i-.:i~'U. f1';i-.1l.Vl'V'li: .fl1fl1'111 
d.9 \J d-.1 cU , 

., 
0 Q' Cl.I ' Q.J Q.J 6ll Q 'Q. 

~1'1eJ--1 ~{,l{,1Vf1tl.l, 'l.Jjjl.'1--1 ~'UVl';i11111:l.J, ~:l.J'\1'-1'1 t;.J'"Jt;.J~--1, fi'UVl l.l.eJ1?1~'1VleJ--1 l.l.'1~61'U'UVl Vl:l.111~ . 

2550. riile:imjtJ'1n ,J1j--1f n~1 t.t.'1~t.nrn~ c.J1[;.J'1[;.J~{,lc.11--1'\1'-11j1'1Je:i-.:ie:i-.:i1-1 f11jeJ(,l?l1V1mj11th hl. 
'U 'U , 'I 

[eJe:i'LI1m1J l.6V7~-.:i1~~7f1 http://www.fio.eo.th/info/doc/matra94/manual_ matra9 _ 

4_ 2550.pdf [i.-v1~-.:ii.ile:i 29/6/2560]. 

(Dipterocarpus a lotus Roxb.) ~1~fof11jU~ mtm1l.eJfl 1(,11:l.Jflfffl j'lf1. 11';i?l1';i1'Ul617?1{,l1 

13: 22-28. 
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I 

frv•m 1'1Jt.J1;'f1~, 11~u Vl€Mb'IJ!?l bb'1~'1\;171'1tl vn-~~m. 2546. 5VJB'W'1'1leJ..:J11;'1\;lb'W7~'1!7MeJf111 
'I ~.... 'I 

b '1~ru b~u L!?1'1l eJ..:J n~ 1V111 tJ \;]..:J. 11 t.J..:i1u m1tJ 1~'1J1JV11..:i1'1J1 n 11'1J eJ..:J1JV111V1 t.J 7~ tJ btl~!?l 11"111;'1 !?11 
V ' 

,, ' ' 
rif..:i'Vl 41 ru 1JV111V1m~mn~!?l11"111;'f!?l11V1t.J1b'1l!?l'U7..:Jb'1J'U i'u'Vl 3-7 nwniuB 2546 

' 
Vlt!l 452-459. 

'UQlfl'1 ~1'Uel'Ui'U5. 2536. BV15'W'1'1Jel..:JJ71'1J'U~b 'W1~'1!1 11;'1\;lb 'W1~'1!1bb'1~U t.J(,1€)fl11b'1~Qlb~'U L!?l'1Jel..:J 
'I V '\ <! 'I V 

ci. QJ ci. ci. QJ ' 

1Vlt.l11"!71;'f !?l11JVl1'U UJ"Vl!?l ll'Vl11Vlt.l1'1t.lbtl~!?l11"!71;'1!?11. 

'U1~'W1t.l bbfl'U'U1A bb'1~1;'f'1Ji'U~ 1;'17t.J11. 2540. BVl5'W'1'1Jel..:J11;'1\;lb'W1~bb'1~11;'1\;ltl'1'UMeltl11..:Jeltl'1Jel..:J , ' , 
bl!~\;) 1if !?11 b~el. 11 t.J..:J1'Utl11'U1~'1Jl!Vl7..:J1'1J7 tl11'1Jel..:Jl!Vl11Vlt.l1~mn~!?l11"!11;'f !?l';j rif ..:i~ 35 , 

ru l!Vl11Vlt.l7~mn~ml"!71;'f!?l';j 1Vlt.llb'1J!?l'U1..:Jb'1J'U 1'U'Vl 3-5 tllJJ71i'U5 2540 Vlt!l 100-107. , 

1 Vl t.ll 1"111;'1 !?11 lJ Vl 1 '\J ru 6n !?l lJ Vll 1 Vl t.l1 ~ t.lbbll b :5'. 

' ' ' I ~ ' tj Q.I ' Cl ' V Q./ 0 d I 

'Wbt.l11 1ll1'U~'1J11llt.l, ~!?11 ~Vl51tl~ bb'1~'Wb'IJ!rn 'W1€lll~'1. 2557. 11;'i~b'W1~'1J1Vlb'Vlll1~1;'flJ!?lelf111 

b'1~Qlb~'U L!?l'1Jel..:J(ll'Ut.J1..:J~'U'1tl 1 'UJ71'1J'U~b'W1~'1!1'W'171;'f~tl. 1711;'171t.J1..:J'W111 35: 7-14. 
V ~ 

'Wbt.J71 ~ll~'U1;'1'1J71lltl, 'U!?l1 'WVlofm{ vib'IJf1'5 -w{eJllll'1, 1;'11t.J1;'11tl 1..:ifi1-a't.J1(,),JU bb'1~o..:i-a't.J r11LA!?l1 . 
'I 'I 'I ':,..Jd.S \J 'I 

2556. m11 oif m'IJu~ b -w1~i1-wm1;'1~ n'1i1t.Ji(,),Ju11~uu11n'1JeJ..:J m..:i-w111 . 1111;'111m..:i-w111 

33: 25-32. 

-w11ruutl 1'1J'IJ7'1J . 2546. 'Vl111J(il€)..:J:5'7..:Jbeltl'IJ'Ue.J~(?l(il'LJt.J1..:J'1!1f1..:J 90 ~l'U{ll'U. [eleJ'Ubu] b'LJ7~..:i1~'11tl 
~ , 

http://www.doa.go.th/pibai/pi bai/n6/v-7-aug/page-16.pdf [b'LJ7~..:Jb~el 2/2/2561]. 
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., ' 
1'111n11 Af~VJ 30 ru 11V111vic.11~mrn~ml"f1?1!,111Vlc.11b'LJ!,J'U7~b'LJ'U 

l'U'Vl 29 llf:)'Jlflll -1 n11m~wr 2535 Vl'U1 597-605 . 
' 

llill'Vl 1'Yli~tJ. 2533. nl'Jb!,J~tlllmi'11~. 7u n11,J1;1n?1f1~?11'U'U 1 , Vl'U1 33-58. n'J~bVl'Y1"1 
'\J I ' 

' 

1~1111ru 1'11~~'U5, 11V1ti ?11'Ue-m1 bb'1~ ,i7'UU7 0'U~?IV1~v'l. 2558. 'LJ'U1~rl~by-j7~'/J7bb'1~1Mlb'Y17~'/J7 ... ' ' 

' 
ru 11V111vic.11~mrn~!,j'Jl"f7?1!,111Vltl7b'LJ!,J'LJ7~b'LJ'U l'UVJ 3-6 nwn~'U'B 2558 Vl'U7 271-278. ' ,,. 

3: 23-34. 

1-a'tJ V11~1 h~11, uru~~ 1ml"f1V11?111 bb'1~?1'111c.11 V1~P1?1111fl. 2555. ~'1'1JeNeJruV1.nilbb'1~mtJm1 
q V 'I 'I \J 'I 

bfl'Uf n~1~il ~e) fl ill.fl 1V-j'LJ e)~ bl!~ ~~'U'Bc.11~ 'Y11'J1~ bfl 'U f n~11 'Ll?t.fl 7y-j''LJ . 
' ' 

11'J?l1'J1Vlc.111"fl?f !,J1bb'1~b Vlfl l 'Ufa~ 20: 49-56. 

1vic.11 ?t~c.11.n ru1'U'U'Vl. 2523. eJ1V17'Jbb'1~bA~e:i~tJ1;1 n'1Je:i~-w'11?11'U . 'Ufl'JU,ill : 611'11n~mfoV111vi tl7~ tJ 
' '\J ~ 

I -= • -- - ........__ _. -~ ......_ - - - - ,:: 
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~ Q.I d (LI I Q.I , I 

bb'1:::el1 tJ fl1'Hn'U'.in'\11Vl'.i::: t1:::fl1'.i'l"jt,lJ'U1e.J'1(?11-:J fl'U . 11'.i'11'.ibbfl 'Ubfl~{?l '.i 42: 380-385. 
' 

I 
' 

'1 m U 'U 1 ~ tltJ1-:J . 2553. 'LJ 1Jjj'11'1l1 fl1'.itJ1 -:J 'l"j1'.i1. fl1-:J b VJ'l"j '1 : t '.i-:J vi mil' '/l jj'Ujj '1 VI fl '.iill fl1 '.ibfl ~{?l '.i bb ,A,:i 
'U 'I 'I , 

'Lh:::bVl~1Vlc.J '11fl~. 

'1mu'Ui~ tJ t11-:i . 2555n . 'LJrJjJ'11'1l7 fl1'.itJ1-:J'l"j7'.i7 . m-:i b VJ'\"j '1 : h-:ivim1'1l~'Ujj'1Vf mru fl1 '.ibfl~{?l'.ibb 1-A -:i 
\J 't 'I 'I 

'1mu'U1~t1m-:i . 25556LJ . hmb'1:::mm'.i~~un~6LJ0-:it11-:i'\"j1'.i1 tJ 2555. m-:ibVJ'l"j '1 : h-:ivim4'1ljJtJjJ 
' ' ' 

'1mu'U1~c.Jt11-:i . 2556. fl1'.i~~fl7'.i'11'UtJ7 •rnci1-:it-:i~'U . [00'W1m1J b'V7~-:i1tii''<il1n 

http://www. ru bbertha i .com/ book/file/117. pdf [b 'U7~-:Jb~0 10/ 10/ 2560] . 

Q.I c::r. c::r. Q,.I c::r. " 

fl ru:::VI ',i'l"j cJ1 fl'.i6'.i'.ijj'/l1 {?I jJVf 11VI tJ 1'1 c.J6'1-:J6LJ '17'U fl'.itlVl'.i . 

' ' 
6'17tlrul1 '1~~ bb'1:::UtUb'<il~ru 1-:Jf'lfl{?l~iaifl~1. 2558 . '.i1c.J-:J1'U1~m~0-:i fl1 'j~(,lJ 'U7~'Ubb'UUbfl~0-:JlJffJ~ 

'I 'I V V 

1 'U 1{?1'.ib'<il'Ubb'1:::fl'10 h~'1'1l 'U 1 uu1J ml1~'U bb'U'U'Lh:::biJ'Ue.J'1b 11. '1-:J 'V'11: 
c::r. Q.I c::r. ' 

jJVf11Vltl1'1tl'1-:J'V'11'Ufl'.i'UVl'.i. 

2560, VIU1 71-81. fl'.i-:JbVl'l"j'1: ~11.Jfl-:J1'Ub~'.i~:Ofl'<ilfl1'.ibfl~{?l'j m:::Vl'.il-:Jbfl~{?l'.ibb'1:::6'1Vlfl'.iru. ' ... 
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J71 tJ l~?f J71'1''nhrr-.:i. ':i1tJ-.:JTU 1r11-.:i fl1':i1~ tJ16fl1':i 1 'l½m fl11"1 b ~e)fl;1\?l~tllJ~~1-.:J~'Lh~?!ll 
" 

e:iVJ nn tJ ru ?1muu1~mb1;,~~in1m bb 1'i-.:i:uV111V1m~ mrnjml"11?f \?l~ 1V1 tJ7 b 'IJ\?l r\'1 bb v,i-.:i bb?ftl 
' 

1'1.JVJ 31 f1':if1!)1A:U 2543 Vitl1 69-84. 

., ' 
1'111 fl1':ibb'1~ b?ftle:lt:-l'1-.'.11tl1~tJ':i~(;llJ'lJ1~ bb'1~tl1tl1'1l1~ Af-.:JVJ 6 ru :UVl11VI tJ1~ tJ':i1'1l.ll!J?f1tl 

?fiJtlVl1 1t!Vl 28-29 b:U~1tJtl 2558 Vitl1 546-557. 
' 

:U~b;mVll"l (Lycopersicon esculuentum Mill.) 1m~uutl7VitJ(91_ 1VltJ1'W'V,j'i.J5 

1V1 tJ11"11?1\?l':i:UV11u ru6Vi\?l :UV111V1m~ m VIA 1 u 11;, ~?11ml 
' 

eJ'HU tJ1~'WtJ:U bb'1~?f:ul"l~ mruuVJ. 2546. m11~tJvh'lle:irnn~m~mJ1;,nuu~u~~tlbA:U~(91. 17':i?l7':i 
'I '\J , 'U .., 

BtlfmJ~tlbb'1~th 13: 4-23. 
' 

e) h ~t!Vl':ith~'Vltl, ururu~ ~Vlfit:-J'1, 'l.h~m ~inltl1f1'1, tl~\'311 ~t!VJ{b~e)-.:J bb'1~U':i~?f1tl 1'31.flt:-Ji;,. 
, llJ llJ 'I , 

2538. fl1':if1(9J~tl5~7t!Vl7tl bm1 f1'll71 . m-.:ib V1w1: 11tJ-.:i1un111~tJ?fmuu1~tJtJ1-.:J 
' ' 

f1':i:U1'1l1fl1':ibf1~\?l':i. 
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