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Abstract 

Astraeus asiaticus and A. odoratus are edible ectomycorrhizal fungi associated with 

dipterocarp tree. Dipterocarpaceae is commercial hardwoods and important to tropical forest 

ecosystem in South East Asia especially in Thailand . Dipterocarp plantations are now not· 

quite successful due to poor ectomycorrhizal association there is a need to develop 

inoculation programs for forest nurseries. In this study, the effects of different inoculation 

techniques (mycelial suspension, mycelial inoculum grown in peat-vermiculite, mycelial 

inoculum grown in coconut dust-rice husk, alginateentrapped mycelium) of both strains on 

mycorrhizal formation and growth stimulation of 8- months-old Dipterocarpus alatus seedlings 

were also evaluated. The results showed that no mycorrhizal infection was found in 

noninoculation treatments. The percentage of mycorrhizal infection showed similar values for 

both fungal species . The percentage of infection in treatments inoculated with the strain 

KANI16 was ranging from 34 .02% to 80.64%. The strain TAK8 colonized seedling roots 

ranging from 31 .98% to 88.68%. The seedlings inoculated with mycelia inoculum grown in 

coconut dust-rice husk mixed with growing medium in a proportion 1:6 (v/v) of both strains 

had the highest percentage of infection. The both strains significantly stimulated growth of O. 

alatus seedlings having mycorrhizal colonization > 12%. The seedlings inoculated with 

mycelia inoculums of fungal strain TAK8 grown in coconut dust-rice husk mixed with growing 

medium in proportion 1:6 and 1:3 (v/v) had shoot height, stem diameter, shoot and root dry 

weight and total biomass significantly greater than non-inoculated seedlings. The results in 

this study indicated that the seedling colonization level was very variable depending on 

inoculums dose and inoculation techniques. Moreover coconut dust and rice husk are 

promising alternative substrates for commercial mycelial inoculum production because of 

their availability and cheapness. 

..- . 



I i.I I t,. 

ntJ'lI'Wn1:i'~~tJ ~!l'l 1:.J'tl'll!l'loJ'"J ~~!l:i'1 ~!l ~ l[?lhJ ~!l~'hsril b~ ~ ~1:.J1:::Yl:W t?l!ln1:i'~ ~ b~!l1~ ~!l~'h'1i1 

L~'tl:::nln~1-ru'll!l'ln~11~m--l'W1 1rJlfuYl'W!l ~Vi'W'Wn1:i'~~tJ~ln b~'W!l ~Vi'W'Wvf'"J1U~1 nf~UI'tl U:i':::~ltJ 
~ ~~ ~ q q ~ 

--lUU:i'::::l-nru 2555 

..- . 




'" VI 'WI 

"" U'Vlrl(P)rJ'flJlI'1!t11'VlrJ ... ........ . .. . ... ..... ..... . ...... ... . ......... . ...... . .. . . . .. . .. .. . ...... .. . . ..... . . .......... . . n 


U'Vl~nrJ'flJl1'1!t1~·:Jn ~'I!t ... ...... .... ... ........ ...... ..... ............ ....... . .. .... ............... ........ ........... ........ ...... ... "ll 


n(;l~m:nJ1.h:::m fl .... ................... ... .... ........ ... ......................... ... ......... ...... .. ....... .. ..... .. ......... .. .. .. .rl 


~IJ"lrClJ .......... . .. .... .. ......... .... . . ..... ....... ... .. ................ . .... ......... ............ .. . . . .. ............. 'I 


~1:i'UClJ(;l1:i'1'l ...... .. ......... .. . . ....... .. ...... .. ........................ . ....... ....... .................. ... ....... "l 


~1:i'UClJ~tlJl1'Y'L ............ . .................. . . . .. .. ...... . .. . .. . .... . .... .... .... .... .. .. . ................ .... ...... 1), 


U'VltJ.1 ......... .. ... .. .. .. .. ..... . ..... ... .... .......... .. .. .. . .. . ...... . .. ........ .. .. ........... . .. .. ..... ............. 1 

.::::.,Q 0 Q oQ Q.I 

'Jfi(Pt1l'W'W'II'W'J"lrJ .. .... ..... . ..... .... .. . .. ... .. . .. ..... ... . .. .. ....... .. .. ... .... ...... . .. ... . .... . .. ... ............. 12 


r.Jrlnl:i'~~rJ . . ... ......... ... . ............... . ............ . ... . ..... ... . .... ..... . .. . ... . ... . . ... ... ........ . . .... .. ... .. 17 


Q tJ QCV 

'J"l1:i'CUr.Jrl m:i''J''lrJ .. .. .... ..... ...... .... . . ... ....... ...... .. ..... .... ...... . ..... . . . .. .................................32 


tl "'" 
~t r.Jrln1:i''J''lrJ ........... .. .. . ........... .. .. ..... .. .. .. ................... .. ... ..... .... ......... ............. ...... ................. .. . 36 


-::;- b!fln~1J~1~~'J . ............ ... . . . .... .. . ...... . .. .. . .. . . . .. . ..... . . .. ... . ... . ............ . ................. .. .. .. ... . , .38 


Jl1rlr.J'W'Jn .... .... .................... . ........ .. .............. .. .. .. ..... ......... ... . .. .... .. ......... ....... .. ..... .. .. ................. .43 


Jl1rlr.J'W'Jn n .. . ...... ..... ................ .... .......... . ...... ..... .. .. ............. ....... .. ....... ... .. .... ... . .... .... .. ......... .44 


Jl1 rlr.J'W'J n "lJ ....................... . ..... .. ........... .......... ......... .. .. .. ... .... ........... .. ... . ... . ...... .. .......... .. . .......46 


tl:i':::~0~rJ .... ............. .. .. ....... ..... .. ............ ...... . .. .... ..... .. ....... .... .... ... ... ... ........................ ... .... .... . 60 


...- . 




, 
"" ft ~ ~11 1:4 0 • I"''''''' ""'''''' ~ bb~ ~'l~'W fI(Y)~1 b"ll~"ll'W bb'tl:;u),~1 [?l)'VI 'll b'Wn1),'VI1u.!] n)'tl1'Y'l'll'El1L ................ .. .. .............. 15 


~ ~ 

. 
, 

n1nmtlUbYltlUn1),~~b~'El1.~fI'Elfl),'lI1"ll'El'ln~11.~m'l'W1'El1t1 8 b~'El'W b~'El1~,rrH~'El),12 

~ ~, 
3 n1nmtlUbYltlUn1),~~b~'El1.~fI'Elfl),'lI1"ll'El'ln~11.~m'l'W1mtJ 8 l~'El'W b~'El1~,r'Jb~'Eln 

l 1. n" ~ '" ~ ,j ,b'Elfi [1) ~fI'El), ),'ll1bVl~ben:;VI'W'l~1t1'Y'l'W~ TAK8 ~ bbUU[1)1'l1........ .... .............. ....... .. 25 


4 n1),bmtlUbYltlUn1m),:;~'Wn1n~Ul[?l"ll'El'ln~11.~m'l'W1mtl 8 b~'El'W b~'El1~,r'Jb~m1. . 
, ... 

5 n1nmtlUbYltlUn1m),::;~'Wn1n~Ulm'El'ln~11.~m'l'W1mtl 8 b~'El'W b~'El1~,r'Jb~'El),1. . 

-

~ 

.- . .- . 



d " 


bb~(?]'l Hartig net bb'i'l~bb:W'WbVi'i'l (mantle) 'lI'tl'l~'lm'tlPl LI1l1:WPl'tlfl~"ll'l .. ... .. . .. .. .... ....... .. .... .. ... . . . 2 


Jl'lYfVl VI 'W'l 

Q.o' a: ~ . I 


2 'i'lm~tru~~J'tl'l(?]'tlmVl(?]be.J'l~j;,JltJ (A. asiaticus) ~~tJ:::11l 1 'll ........... . .. ............. .. .... .. ... ... .. .... ..... 9 


3 ~n~ru:::'lI'tl'lC?l'tlm~(?]be.JI:::VI'W'l (A. odoratus) ~:::tJ:::(;]'l'll ......... ... ........... ........ .. ... .. ......... ... 10 


4 ~n~cw:::~'l~'W (?]'tln 1u bb'i'l:::e.J'i'l'll'tl'lt.J1'l'W1 (Oiptercarpus alatus Roxb. Ex G. Don) ... .... ... 11 


5 i'd b~'tl b~'W1m'lb'tlPlL11l1:w PI'tlfl~"ll'l b1:i C?lbe.J'l:::bbUUb~'W1tl bb'll'd'W'i'l'tltJ bb~:::i'd b~'tl b~'W1tJ 


n b'tl fOl L11l1:W PI'tlflJ'"ll1 b ~ C?l Le.J'l::: bbUU b~'W1tJ1'W~11 bij C?l bbfOl'i'l b~tJ :J..J-el'i'l9 b'W11l ... ... .. .... ..... .. ........... .... 12 


6 i'd b~'tlb~'W1ml L'tlPl LI1lPl'tlfl~"ll1 b~C?lbe.J'l:::bbUU b~'WltJ b9~ru1'W~~ C?le.J~:J, ..J b'd'tlfiJ Pll'i'libb'i'l::: 

~ ~ 

" ~'VI:J..J'tl~ bb~~i'd b~!l b~'W1mlb'tlPlL11l1:J..J PI'tlfl~"ll'l b1:i C?l be.Jl:::bbUUb~'W1tJ b'"l~ru1'W~~C?l,~ 

, 
'i.I ~o 1'1,.11 'V 

e.J~:w~tJ:W:::'V'J~I'd bb~:::bbn~U'VI'VI'l Vl1:J..J (?]'dtJ'tl'lVllnVI~'d MM N .... ........ .. .... .. .. .. .. .............. .... .. 13 


7 (;I'tlm1:i(;l be.JI :::WW'l (A. odoratus) ~'V'Ju1 'W'll,C?l n'l~'VIC?l'i'l'tl'l~1~ b~'W1mlb'tl PI L11l1:J..J PI'tlflJ''ll'l 


~~V)11~n1'W-ell1ln~'d'W 1:6 LC?ltJm:J..JI!?lJ' ........ .. .. ... . .. . .... .. ........ . . ..... . .. . .. . ... ........ ... ... .. .. .. .. ... .. 22 


8 ~n~ru:::nm!lfOlt!?l1:J..JPI'tlfl~"ll'l .. ......... .... ... .. .. .. .. .. ..... . ... . .. ... . ........ .. ... ........... .. .. ... . .. . .. ........ .23 


9 bmtJuvVitJun'ln~1Jtl1l'll'tl'ln~11~t.J1'l'WIL~'tlmtJ, 8 b~'tl'W~1~tr'db~'tlJ''l 


L'tlfOl L11l1:W PI'tlflJ'"ll1 b~(;ILe.JI:::~ltJ~'ltJ~'Wf KAN 116 ~11LbUU(;]'l'll .. . .. .. ................ .. .. .... ... .. ._.... 28 


1 0 bmtJUbYltJUn'ln~utl1l'll'tl'ln~11~t.J1'l'W'lb~'tlmtJ, 8 b~'tl'W~l~tr'db~'tln 


b'tlfOl t !?l1:J a 11
..JPI'fl:i'n~"ll'lbVlC?lbe.J'l ::: VI'W'l~ltJ'V'J'W~'" "'.. TAK8 ~ bLUUm'll' ...... ........ .. ... .. ........ ........ ... 31 


-- . -- . 



o 
'U'VI'W1 

L'WU'"1'"11J't,l1j11~"lJ Tl'llh~ L'Yl 1"\1'YltJ1J1 tl m11~ltJ~'lhJTlthu.J1 n tfhn ruth1~~ LVI~Tlmj'hJ 
q '" '" 

I " I I , 

'Cl1l..!1:i'tlfn'l11'Cll..! t?l~fin~'l!l~lt)lJ1 m:i'1J~ nth L~'elYJ'WYhM1YllhVl L~'Ell..!Y 'Vl:i'l..!L'W1J~L'J ruVl Lf1tJ dJ'WU1l..!1 , '" '" 

rlTl'W (reforestation) VI~Tl n1nhmu1lwu1'L'J ru~ll-i L'"'tJ dJ't,lU1Wl rlTl'W (afforestation) ~,:n1J'Wbb 'W'J'Yl1'l 
'" 

VI~'l1'Wm:fb~~~'W~th1:W' mnru'l rlz;l'lb'Cl1'l..!L,xtJ~ n'Cl h'l'Cl'J'WthIt?ltJL;n:W'tJ:i'~~l ~'W"lJTl'll 'VltJ It?ltJ b'uYl1~ 
'" 

i.I II I I iI 

lf1tJtJ~ n yj":l'WLUTl'l'"11 ml1 LVI !?lVl-W'l ~Tl1~1'W'J'l f3ml9i'Tl'l m:i':i'l LTl f1 l!?lll..! f1Tlfl.:i''l!l'll'JtJ bi'l mn'"11'ru bL~~'ll'JtJ 
'" q ~ 

'l!\lt?l (;)1 'l1 'llTl'l tJ:i'~ b'Vl 1"\1 'Vl tJ '"1 ~iJ n bTl f1 l!?lll..! f1 Tl fl:i''l! 1 n :i'~'"1 1 tJ'W'W ~Tl ~ ~'J '1 tJ n!?l1l..! bbf?lL 'WU1'lVlTl'l ~ 

It?ltl L'UYl1~L'WVlTl'l~lh b~Tll..!1'Yl:i'l..!~'l ~ n Lb~'J tl1'liJ m:i'vh1~Vl1Tl'1ib~'el'W~TltJ'W1'W 1 VI't~h ~'W~n'l!~~1'l1,x 
, ., " 

L~'el~'ClJl1Yl'1tJ :i'1 bTl f1 l!?ll~ f1'elfl:i''l!l'"1~iJmJTlth'l~l n t?lVl1Tl bn t?l n1:i''ll1 t?l Lbf1~'W~'Wlar 'U~t!'W~'liJ f1'J1~ 
'lJ 

I I t.; I I i.I 

~1 b1J'W'elti1'l~'lVl'"1~l9i'Tl'liJ n1nYl1~L~tJ'l:i'lb'elf1l!?l1~f1Tlfl:i''l!lVliJr1'J1~ bVl~l~'Cll.J L~'el1.ife.J~ !?lb1J'W,x'J b~Tl1z;l 

1,xnu n ~11:W'rlTl'W~'"1 ~tJ1'1tJtJ~ n'Cl h'l b1J'W'Cl'J'Wth1VlJJ~'l'"1 ~'Cl1l.J 1 :i'tlvl1L,x 19i''W1~iJ~!?l n n1 :i':i'Tl t?l!?l1 tJ 
'lJ 

b~l..!~'Wbb~~iJ~!?ln m:fb'"11'ru L~U l!?l b~'J~'W ~'l e.J~vl11,xm:i'1J~ nU1'llTl'l1~'J'l PltJ1'l'W1tJ:i'~'ClUf1'J1l..!~1 b~'"1 
~ 'lJ 

:i'1 b'elr1l!?ll~ f1Tl fl.:i''1l1 b~ t?l be.J1 ~bll'W:i'l LTl f1 Y!?lll..! f1Tlfl.:i''l!l~YlU~1m ~tJTlti i'J l..! nu n n1m'W'J'l PltJ 1'l 
'lJ 

II 1I iJ I 

'W1 bb~ ~'Cl1l..!1:i'tl LYl1 ~ b~ tJ'l b~ 'W LtJU'WTl1V11 :i'b~tJ'l b~Tlvl11,x'Cl1l..! 1 :i'bltJ1l..! 1 b Yl1 ~'ll tJ1 tJ L~'el1.if e.J ~!?l b1J 'W,x'J 

b~TlLz;l1,xnun~11~'J\l PltJ1\l'W11J1 'WTln'"11 ndn bTlf1 l!?ll~ f1'el fl:i'BJ! 1 L~ t?l Le.J1~~\l'Cl1~1:i'tl'Cl~1\l t?l'eln b~ t?l~ 
v v , 

fUlh~'Yl1'W1J1 !?l\lt!'Wnl:i'~ nM1 e.J~~JTl'ltr'J b~Tl b~'W1tJ n b'elf1 l!?lll..! f1Tlfl.:i''1l1 L~ t?l Le.J1~Vl e.J~ (;)'el n1:fb'"11'C1!"lJ'el\l 
I I I I " 

n~11~'J'l PltJ1'l'W1~\l L1J'W~\IVl~1 dj'WLL~ ~~1 f1C1!'elti1\1~'l1'Wnl :i'Vl'"1 ~tJ1tr'J L~'el!?l'l n~1'Jl..!11.ife.J~!?l1'WL~\I 

n1 :i'f11 Lb~ ~1z;l1,xnu n ~11~b~'el1,xnl:i'tJ ~ n 'Cl ~1\1 'Cl'J'Wth1:W''J'l PltJ1'l'W1'll'el\l1'YltJtJ:i'~'ClUr1'J1l..!~1 L~'"11'W 
" 

'lJ 

, 

Tl'W1 f1!?l ~ n yj'llJ:i'~'l! 1'l! 'W~\1 'Cl1 ~ 1:i' tl LflU t?l'el n b ~ t?l LTl f1 l!?ll~ r1'el fl:i''ll 1 It?ltJ L'U'V'l1~'elti1\l~\l L~ t?l Le.J 1 ~L1I'W 


..- .-4 .• ~ 'fl r1LUll:J.J r1'fl i't'i'1l'l (ectomycorrhiza) 

" " 
L'elr1Y!?ll~ f1'elfl:i'BJ!l (ectomycorrhiza) b1J'Wm:i''eltii'J~n'W:i'~VI~l\l b~Tln bb~~nn~'l!i'W'Cl'l It?ltJ 

~ 'lJ 

http:L~'el1.if
http:hJTlthu.J1
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" 1~~'lJ~'l'J'el'l,\Wl'J"'l'lnYl"l!~.hhl~'l'Vl'l~'J::;'lJ'lJ'J'ln b"llhl bbU~ -W'll?l'l~ hl'J~hl m'{;)'il::;mhlbb~::;';jl?l'lijhl WJtJ'J'l 

"'l::;'Y(hVl{J'l~bVI!l'elhlbiJhl'J'ln~'iltJ1~bbriYl"l! b~hlltJ~'il~Il'ltJhl'il mL~::;Il'l tJ1hl'J'lnlOj::;-n'J m ~~lhl~~'J1hln'l 'J 

~{;)~~fi1~'el'lVl'l'J1~LbriYl"l! ~~Yh1~Yl"l!~;:j 'J'lL'il1"lLI?l1~1"l'elf1.'J'jj'l'il~~'J'ln"'l::;;:jT!'I?l'J'l n'l'Jb"'l1~ b~'lJbl?l~~ 

n~'lYl"l!~hJih'lti' bb~::;~{;)T!'I?l'J'ln'l'JI?l'ltJ"IJ'il~m'h1iJb~'iltJ~n~~bLtJ~~ (Harley bb~::; Smith 1983, 

Chilvers LL~::;I"lr;u::; 1987) 

2. ~mHU::'i1m'e'lFlb(;l1~Fl'e'l~1'i"1l1 

:nn btll"l LI?lhJ rl'el fl'J"1l'l ;:j;m~r;u::;~ ~ 'l ~~ ~'el b~hl1tJ 'J'l"'l ::;b"'l1~ ~'lhll7i'J nhlbUhlbb~'\..l'e1(;) LLUhl 

(fungal sheath) Vl1'elbUhlb~'el~~ ~tJn Lb~hlL~~(mantle) 'el~'J'el'lJ1'J'ln bb~::;b~hl1tJ'J1'lJ'l~~'Jhl"'l::;b"'l1~ 
b~'lhJ'ilti1hl-n'el~~'l~'J::;VI~1~L"1l~~.ffhlb'elVi b(?)tl~ij~ (epidermis) n'lJ b"1l~~.ffhlrl'el~bVi n-n ~'lhlnhlLUhl~'l~bbVI 

" 
iStJn~'l1ml1~~n (hartig net) (1l1"r'i~ 1) b~'el~~bb~hlb~~'el'l"'lb1mJVl1'il;:jb~hl1mb~bUhl~~;:jL(?)tJ'Jtl'lJ 'Jl 

IJh~"l!U(?)nhl"'l::;iJLL~hlb~~~bbl?lntJi'l~nhli~m'l~Vlhl'l lhl~'JbL~::;~ ~~LLiJlOj::;biJhl!i''l"l!U(?)b~mnhlLLtJiYl"l! 
.., " 

'il'l~tltJi'l~nhlriiJ;n~r;u::;bL~hlbYi~tJi1~nhl~'JtJ fungal sheath ~'Jhl1V1qJlOj::;"r'i'lJLUhl2 -nhl b(?)tJ-nhlhl'elfl"'l::; 

" "" ~1hll7i'JnhlT!'(?)bLUhln~1-nhl1hl ~"IJ'el~b~hl1tJ'il1"'l"'l::;;:j~~'l ~~ LVI~'el~ -W'l1?l1~ bb~::;hJiJ~~hl'f)tin'lJ"l!U(?)"IJ'el~
'lJ 

'J1b~hl1m'11Oj::;L"'l1~'Jtl'lJ1'J1mL"lJhl~ (secondary root) Vl1tl'J'ln~'eltJ (tertiary root) b~'el'J'lnYl"l!~(?)bi'el'J'l 

b'elrlb(;l1~rl'ilf1.'J'jj'l !i''lnYl"l!'''l::;~f?ln1!i'~~1~''llhl'Jln rl'J'l~ tJ1'J"lJ'il~'1'lmb'lIhl~ bb~::;'J'ln~'iltJ~ f?l~~ bbtJi"'l::;b~~ 
d'.1 d' "" - d' '" oe!I %

n'l'JLLl?lnLL"lJhl~~1n"lJhl LL~::;7uLLU'lJ''il~n1'JLLl?lnLL'hl~"lJhl'eltJn'lJ"l!hl(?)''el~~'el7'lLL~::;"l!hl(?)"lJ'il~''r'i"l!'el'l~tJ 
" 'lJ 

(Zak, 1971) 

Mantle L-----~ 
(fungal sheath) 

hyphae 
between 
cortical 
cells (Hartig net) 

I 100~ I 

.n1'Vi~ 1 LL~(?)~ Hartig net LL~::;bb~hlbYi~ (mantle) "lJ'el~'J'lm'elrlbI?l1~rl'elf1!i"'l1'l 

(http://invam.caf.wvu .edu/collection/pubs/abstracts/mcgrawhill.htm) 

http://invam.caf.wvu.edu/collection/pubs/abstracts/mcgrawhill.htm
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-- -. 


~ , 
~ 1'W'J'W'll'WVl'Vl'l'VI:W Vl"ll'el'l dll'el AbL911:w A'el fld"l!1 tJ'I1~VldIU II'WiVl 91 nYl lAtJi1 nl dUd::::Wl ru1~ 

5,500 'll'WVl (Molina Ll~::;A ru:::, 1992) tT'WtJ'Il1J'WnldUd::::Wl ru~,J'eltILn'W1u 91 n WJ1:W nl'J'VI,JI"l1'el'l 

LVlA'WAVll'1'el ru~'Wfi~l~ L91f 'YlU~Id1Ud::::Wl ru 7,000-10,000 'll'WVl i1 n1d~¥I'1l'el rl bL911:w A'el fld"l! 1 ntldln
'IJ , 

~'ll (Taylor LLfl::: Alexander, 2005) ~'J'Wl'V1'1!dj'Wd11'W PhylumBasidiomycota LL~:::~'J'W,J'eltJl'W 

Phylu m Ascomycota ~'1l1J'Wd11'Wn~:W~~¥I'1 Vl'el nL~ Vl LLfl:::~I:Wldell-nduh'l~n'l1ru:::"lI'el'l Vl'elnL'11 Vl1'W 
, 	 'IJ 

, ~ , 

lllYl~'J'Wl'VI '1!Vl'eln L~ Vl9 :::'Ylul'Wd:::tJ::: L'J~IYl~'WlL~ :::~1 nVl L'll'W ~~~'W'VI1'el ~ ~'VI'WI'JYi'llYli1 n1d~h'l L'elrlbL91

1:Wrl'elfh"l!I'Ylu1~ud::::Wlru 8,000 -n'WVl (Meyer, 1973; Smith ll~::: Read, 1997) ~'J'Wl'V1'1!~n9:::l1J'W 

'Yl'Jn1~th~'Ylu1Jl-vf'J1ul'WL"lIL91'elU~'WLl~:::l"llL91¥'el'W l'll'W 1m'W(N~ Pinaceae Fagaceae Betulaceae 

Myrtaceae Salicaceae LL~::: Dipterocarpaceae L1J'W~'W (Smith LL~::: Read, 1997) dlL'elAbL911:w A'elf

h"l!IUl'l'll'WVli1 A'J1 :W91 L'Yl 1::: lYl'elYi'll'el1 PltJ Ul'1'll'WVli1Yi'll'ell Plt.l1Jl'VI~ltJ'll'WVl 

4. 'l.J<i:;btJOZ! U"l.I'eHI'a1 b'e1 ~blPll:J.J rl'e1f\,'a'1l1 

4.1 nd:::~'Wn1n9~~"lI'el'lYi'll dlL'elAbL911:WA'elfld"l!I~I:Wldm~:WtlL91d1n1n91~"lI'el'lYi'll1Jl d1nYi-n 
, ,~ 

Yli1d1 L'f1 AbL911:w A'elfld"l!19:::i1"l1'W1 Vl1 'VI ru l~'WltJdl LmtJuL~ij'el'Wd1 n ~'elt.lYllLtJ1u1Jl1n~9'1'll')tJVlVl-Wlll~:::
~ 	 'IJ 

I ').I 	 • ').I 

nl)'r5L91dlnln9~~LYl:w~'W (Yazid bL~:::rlru:::, 1994) ~'WfJA1~U~~Yli1n1dl~,x,)l~'el Scleroderma sp. 

i1 n1dtlL91d1 WldL91~ l~:W~'WCi'l 46lU'elfLo]'W1Pl (Chen lL~:::A ru:::, 2006) Lti'el'l91 nd1L'el rl bL911:w rl'elfLd"l!19::: 

ti'eltJ~ ~ ItJfil L91'ellVf ldLL~::: n d::: ~'Wn 1)' lA~'el'W~"lI'el'lfil L91'el 1 'VII d~~1 ~ru1'W~'W~11~Yi-n L'ell1u1-n1~ 
q ~ 	 q cv 

(Graustein lL~::;Aru:::, 1977; Cromack ll~:::Aru:::, 1979; Sollins LL~:::rlru:::, 1981; Malajczuk Ll~::: 
, 

Cromack, 1982; O'Connell ll~:::rlru:::, 1983) 9:::LYl:Wn1mL91n~,)"lI'el'l iron ll~::: aluminium 
, 

" " • I"" 1phosphate (Lopez-Hemandez lL~:::Aru:::, 1986) LL~:::rl'Jl:WL"lI:W'lJ'W"lI'f1'ln1m~nLu~t.I'Wfil[;J'ell'V11d 'W 

~'W L'll'W aluminium iron manganese zinc LL~::: copper 	L~:W~'l~'W91nnldi1d1L'elrlbL911:W~'elfld"l!1 
" ,~ ~ te:I (/'Q ~ 

Hysierungiumse tchellii (Entry LL~:::Aru:::, 1987) 'W'eln91n'WndVl'el'WVl)'tJVlt:J~L9191n H. tchellii lL~::: 

Gaurierium onticol 9:::v'hl1X~'el~ L'I"ll?llL~:::i~L~L91'eltil'W:i"\J~Yi'll-Wl1uH1Jl (Griffith, 1994)
'IJ 'IJ 

4.2 A'Jl:WVl'W Vll'W'lJ'el'lYi-n lYl'elJll'J ::;~1~ LVf:Wl ::;~:w ~'ll~ i11:w rl'el fLd"l! 1~1:W lHl Vl'WLL~'11~ 

Lti'el'l91 ni1l~'Wlt.1d1 L91ru'elti~ ~ll1Xi1 d:::UU),1 n~ ~1:Wl del L~:W~'W~ lL~ ::;'ll'el'W1 'll L ~'el Vl Vliu ~1 L'f11 B1~ 
~ 'IJ 	 'IJ 

" , 
LL ~'1 L911t.1 (Marx, 1980) 'W'el n91 ntJnd~~'WVl~~Yl~¥1..:J91 n d19:::U nu'el'l Yi'll 91 n rl,)1:W L1J'WYl'l1"l1'el'l 

" ,
'el~:n l tJ t.I:W Ll~::: b~'VI ::;1trwn 1 'W~'W Ll~:::~ Vl rl')1:W L-if:w-if'W"lI'el'lb~ 'VI :::mJn1'Wlij'el L~'elYi'll (Brad ley LL~::; A ru:::, 

'IJ 

1982; Danielson, 1985; Jones lL~::: Hutchinson, 1986) 
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4.3 Utl'l n'Wn n~'ll"'l1 n,~'WVl~cl"~ bU'W~1m ~ 'l:i'A~'ll b~'W1tJn btl A bl'll:w A'Elfl~"]1~ b'"l1bkj~tlU1 

n n~'ll bmtJU b~ih'W~'1n(Pl'll11'1 !?itlmJ'l.Jnm'lJ'EI'I"'l~'WVl~cl"~dj'W'Cl1 m(;]b~A~'ll n b'ElAb(;]1:w A'Elfl~"]1
q q q q 

~1:W1Hll'itlt?l1'Wmn"'l1bkj'lltl'ln~ rl'EIhA~'ll bb~:;vl11"'~'ll ~ 1:W1~bl rtf1'WVl1'Wb~ AlJ1~ n~1~'ll~hjiil:w Atl f

h"]1 Tsantrizos bb~:;Aru:; (1991) 'Y'IU~1~I~tl:O~1'W:;~bbtln1J1"'l1n Pisolithus tinctorius ~1:W1~bl 

tJuJ'I m~'1tl n'lltl'l~tltlfbb~ :;tJjJJ'I mn"'l1bkj'll'el'l b~'W1tJ ~1~ rl'el b~A1 'WvhlJ1 

4.4 m~1~'lItl'l:W~'I1cl"Lb~:;~wr 5' r l b'el Ab(;]1:w Atlfl~"]1~~ltJ'llU(Pl~~~1'1 r?I'el n b'~ r?I~futl~:;'Vl1'W1J1 

~1tltJ11tl1-ifdJ'WtJ1 b~(PlU1'1'llUr?lii~1mbb'Y'l'l b'J!'W truffles (Tuber spp.) ~UtJ:wfUtl~:;'Vl1'W1'WbbblUVl~tl 

tjbtlbb~:; matsutake (Tricholoma matsutake) ~'Y'Iu:W1n1'Wtl~:;b'Vlpj9'W bm~~bb~:;~~'W ~1~fu1'W 

tl~:; bVl pj1 Vl tJ'Y'IU~1:W b~ r?lth~~ 1tJ'll Ur?I~,rnUtJ:w fUtl~:;Vl1'Wbb~ :;:W~1 A 1 bb 'Y'I'I L'J!'Wn'W b'J!'W L~ r?I br..J1:::: 

(Astraeus spp.) b~r?lf?lUbl'i1 (Boletus spp.) b~(Pl~:;b'ln~1'elb~r?ll"llvi1'W (Amanita spp.) b~r?llAm!l1tl 
" 

b~(PltJ1~:W1n (Russula spp.) LU'Wt?l'W 

4.5 ~::::UU'nb1 pj 1 'Wth"'lu'W nb'el A b(;]1:w A'elfl~"]1';U~1 bU 'W'el 'I Atl~::::ntlU~1 AblJ1'W~::::UUUb'J PlU1 
q ~ 

b'll (;]'\!I'Wl1 b'll (;]b:W ~ b(;]tlfbnt:itJ'Wbb~:::: b'll (;]'elU-el'W btitl'l"'l1 m1btlAb(;]1:WA'elfl~"]1:W A11:w~:w~'Wfinu~'ll1 'W 
q 

'" 'J'I~ Pinaceae Fagaceae Tiliaceae Betulaceae bb'Cl:::: Myrtaceae bU'Wt?l'W ~1~futhb'll(;]~tl'W';'W~'J'W 

1~qj"'l::::bu'W~'ll1 'W'J'I ~ Dipterocarpaceae 1'Wfi~~:W'llI~nbtl Ab(;]l:w A'elfl~"]1:W ml:W~1 A bkjl'itln1n"'l1bkj 

bb'Cl:;m ~mhtl r?I'lItl'lhrt'Wth br?lm1"'l:; b~:W n1~r?I (Pl~:W bbifi1 (;]"'l1 n ~'W br?ltJ b'Yl'Y'l1::::fi1 (;]~:W n1nA~tl'W~ 
qJ III q q 

, '" 
(nutrient mObility) ~11'W~'W b'J!'W yj'el~yj'elf~ bb~:;n1~tl1~1ntl'l!?i1'11 (micronutrients)~'JJ..n1'1 

U'Vl'IJ1'Vl~1 Abkj1'Wm::::u1'WnJ~'Vl1'1~11'VltJ1 bb'Cl::::rJ{]9mm ~'\!I~'Wb~ tJ 'W~1~A1 fjJ'el'W (Fi n lay bb~:; Ros ling, 

2005) 'Wtln"'ll n-t1n btl Ab(;]1:WA'elfl~"]1tJ'IYltd1i1 A11:w~:wvr'Wfinu,~'WVI~cl"~'1 bbU AVi b~U bb'Cl::::n'llUr?I~'W 
~'11'W'Vl1'1tJuJ'I'\!I1'el~';'IJ~~'Wn'WLL~ :;n'W f?l'J'eltil'1 b'J!'W :WbbUAVi b~u~n n b 'elAb(;]1:w Atlfl~"]I~YlU~1'J!1U 

~'1b~1:wm~~~1'11:WAtlfl~"]1 (mycorrhization helper bacteria , MHBs) (Garbaye, 1994; Frey

Klettand bb~:::: Garbaye, 2005) br?ltJn b'elA b(;]l:WAtlfl~"]1 bb'Cl::::bbUAVi b~U"'l:;Vi1'11'Wi'J:W n'W1'Wm:;u'J'Wm~ 

btJ~U'WbbtJ'Cl 'I n1 ~tll~1~!?il'111~tl~1'W~tl~~'lltJl1tl1-if1J11:w Atlfl~"]I~'1m"'l9r?I~1 dJ'W~U'Vll'1 n:i':i':W'll1 ~~ 
", I I I 

vll1~n n~'ll ~1:W l:i'bl r?I r?lnl (;]'ell'V11 :i'1J1~~'W 'Cl r?I m5'~'1Yl1Utl bAi1Vitll"'l ~'1 [:.J 'Cl m::::Vlu !?itl~'1 bb'J r?I ~tl:w 
'U q q 

SOusabb'Cl::::Aru:; (201 0) lJ1V1r?1~'elutl:i':;~'VlfiJllYl'll'el'l~'J b~ml btl r1 b(;]l:w A'elfl:i'"]I~IUvr'Wfl'il'11b.yjtJU nu 

nUnJ:i'1-ifuu LA:W YlU~1 b~'EIHn b'Elr1b(;]l:w r1'E1fl:i'"]I~ b'\!I:Wl:;~:W nurtf'W~'ll bb~1 ~'lli1'el(;]nmn"'l1ru b~Ub(;]
q ~ 

-- . 
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L'"l~ru L&lU Ll'l LL~ ~ n"l :i':i''rl Vl~1l1l"lJ'rl'l ~'Wn~IL~'rl~'rl'l'rltll'W~Jll~~ LL ~'1 LL~'1't11'rl ~Jll,) ~~hi L'tIl-J1 ~~l-J LL~ ~ 
~ " 

Lti'rl'l'"l1 nn L'rl~L(9)ll-J ~'rl;b'l!liJ ~,)Il-Jil-Ji'WfinlJl~~u~'W~~u~')'WlVI rul'Wth L"lJ (9)'rllJ!l'WLL~~L"lJ[9)~'rl'W ~'1 
~ , 

'V I 'V I l; 

~'WYlth bVI~I\Jlcil~ Vl~'1'rltll'1!11'rl b-W'rl'l v1'1u'Wlutr'"l'"l u'Wn 1 :i'tJl n L'rl~L(9)1l-J ~'rl fl:i''l! 1l-J l1h~tJ n (9)1ojfi,)l-J nu, , 

nI~tl~ nth'Vl Vl bb'Vl'W~'11cilflJ ~,)Il-J~'Wh dj'W'rltll~l-J1 n ll!1l'rltll'1hnml-J n1~~ n ~11~'"l~iJ nl~&lVl~1b 

~'rl~'1s"ll11cilt1utJ'I~'W'rltl nu A,)Il-J~1 L~1 ~~~VI~I'1"llUVln L'rl AL(9)lJ-J ~'rlfl~'l!1 LL~ ~"llUVl"lJ'rl~~"llcil')tJ v1~t1'W 
'" i.I 2.1 I I I 

n1~f1Vl b~'rln l~'rl bb~:;i~'Wltr') L~'rlYl L~ J-Jl:;~J-J l~'rll~l~nun~11~ rl'rl'WYltJl hJ1-if1'Wn1~tl~ nth9~iJ 
'IJ 

~,)IJ-J~If1t1! r;1,)'rltJi'll'll'W Ul~'W (Monterrey pine) l'Wlh~b'VlY'1~LU'W(9)'rl'Wm-w'rl ~~~'W~ul1cil~Vl~'1'rltll~ 

l-Jl n'"l1 ntr t1!'tI1 nl:i'f?lVll~vll~ltJUI Dunabeitia ll~:;A ru:; (2004) 9\11~ojf~"llVf'rl\l ~'W L-n'W U"ll (Fagus 

sylvatica) ll~:;LilA (Quercus robur) lL~~nl'rlAL(9)lJ-J~'rlfl~'l!1 L-n'W Scleroderma citrinum bb~:; 
'V I I I 

Pisolithus arhizus Ll~,)vll nI~f1Vlb~ 'rln b ~'rlYllVll-Jl:;~ J-JVl1'rl~ Il~l::::nU~"ll~n nYl~ Vlrl'rl'WYl'"l ~tJ1J-Jllojf, 

Tuber melanosporum nu~'WHi~(Quercus spp.) L~'rl1-if1'Wnl~u~nUl~'J~I:i'IL'rl~L(9)1l-Jfl'rlfl:i'"ll1 
, ~ 

~1J-Jl:i'rllVim)l1ln nI n '"l~ru l&lUL(9) bb~::::nI ~VlVl~l-J~'rl~~'rlf~"lJ'rl~ ~'WLil~ lcil ~1Vlful'WU:i'::::b'Vl Y'11'Vl tJ u'Wn1:i' 
~ 'IJ 

'" I I I i.I 

~ Vl~'1"lJ'rl\l~'WYllh Li'1 Vl'"l1 n~1 'W,)'WU~::::"ll1 m 1'W U:i'~ b'Vl Y'1Vl LVi l-J~ 'W bb~:::: n1 ~"lJtJltJ r;1') 'Vll'1 cill'W lY'1:i''\j'~n'''lvll... 
'l.t tJ I I 

l~u~::::"llI"ll'WlojfU~::::LtJ"lloJ'"ll nUl1~l-J1 n~'W vl~l'W~n'\j'ru~"lJ'rl\l n1nU'WYl'rltl'rll ~tJ n1:i'f?lVll~L~'rl n1:i'~h 
" 'V I I I 'J..t I i.I I I 

n1:i'lojfLL~::::n1nr-Jl~'WYlUll~'rlnlnm~(9)mlnnVl1~Ul nlnU~tJ'W~'WYlUILU'W~'WYlvi'rl'lLYltJ'l lU'W~'W 

LVlm'tl.'l"/I~lhl~'l'lffl~tJl'1 LU'W'l"/:i':i'ru1~~~1 f1ru"lJ'rl\lUlb"lJ (9)~'rl'W~'l"/ulcil'VlnJll ~"lJ'rl~U:i'::::L'Vl Y'11 'VltJ iJ n1:i' 
~ , 

~ , , 
'rltll\1 ntJ 1'1"lJ') 1'1 bb!1l1m'W,)~ ffl~tJ1~\JiJil1lnnln"'l~ru L&lULl1lojfl bb~ ::::iJi(9):i'1 n1 :i':i''rl Vl m tJ vll b~'rltJ1 tJU ~ n 

~ " 

'l!lm~"'lltJi'Wfi'rltlvi'')lu n(9)1l-J bL!1Il'Wul'1Vf'rl'l~LVltJ l'tl.~1::::1'WVf'rl~~Ul L~'rlJ-JL'Vl:i'l-J~'1 t;l nLLer'J t;l1\1 iJ nI:i'vll 
• 'IJ 'IJ 

, ,., 
1~~1'rlvllHL~'rl'W~'rltJ'Wl'W 1 'tIih ~'W~ n"ll::::~1'11~l~'rlJ-J~Jll'l"/hJJ-J1 n L~'rl:i'I"'l :;iJ'rl~'rltll'1~lnVlVl1'rlLn Vl 

, ., 
l~tJ1\1u:i'~~U mlJ-J~ll~'"l f?l,)'rltll'1~1'W1r.rtJYl~ mj'1 n1:i'i~'Wl,r') l~'rln L'rl~L(9)1l-J ~'rlfl:i'"ll1 nu1~')~ ffl~ 

tJl\1 b-n'W Turjaman ll~~~ru:::: (2005) lcilvlln1:i'~n1j'Ir-J~"lJ'rl'ltr,)L~'rl~u'rlfnL~flL[9)ll-J~'rlfl~"ll1 

Pisolithus arhizus ll~:::: Scleroderma sp~ !1I'rln1n'"l~t1!"lJ'rl'ln~11~ Shorea pinanga L~'rltJl1ul-if1'W 
., ., 

nI:i'U~ mJl "'l1 nn1:i'l~,r,)l~'rll~nun~11~LU'Wl,)~1 7 L~'rl'W ~u~lrhU'rlfl.n'W~n1:i'i;lVll~'rl1l-Jfl'rlfh'l!l
'IJ 
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LL'tl:::A ru::: (2008) lJim.Jnn L!lA1!?IhJ A!lfl~'lll !?Il~Dn~']j151r.n n J'I n"lJ!l'l~tJrHVI~!l'l (Shorea parvifo/ia) 

" " " 
'"11 nU'WYl1tr'J L~!l LL uu L~ULtJ L'"11ru1u1~ ~ CJ~~ L'J!l:HJ Al'tl~\'L'tl :::Y1'Vl~!l ~ \,\,'tl:::1~tr'J L~!l1,xnu n~11~ 

~. '\J 

!?I:::\,AtJU'Vl!l'l (Hopea odorata) Vli'l'"11ne.i1'WllJ 6 L~!l'W '\Alu~1i1L'Ll'ilf\'sD'W!?lm~51~\'~'ill~A!lfl~"Jj1 53 

LU!lfL']U!?l \,L'tl :::~1~1~1~m~~'fY!?I~1 n1~L'"11nJL~h.Jl!?l"lJ'il'ln~11~'Vl1'l rl'J1~~'11Ji 30 LU!lfLsDU!?l Yazid 
~ 	 '\J 

" 
\,L'tl:::rlru::: (1994) lJi1~tr'JL~!l~1\''ilrll[?]1~rl'ilfl~"Jj1 Pisolithus tinctorius 1,xnlJl~!?I:::\'AtJ'W'Vl'il'l (Hopea 

odorata) LL'tl:::m:::unnf'l (Hopea helferi) L~'il9:::tJ11uu~:::tJn[?]1-n'Wm~u'tlmh L~'ile.i1ulu 9 \'~!l'W 
• '\J 

'\Alu~1ihu'ilfLsD'W!?lm~51 ~ L~t:!l~ At:!fl~'lll b'U~tJ 80 LU!lfLsDU!?l LL'tl:::L~~'fY!?In mn91ry L51ut[?]'Vl1'1A'J1~ 
~'l"lJt:!'1!?1:::LAtJ'W'Vl!l'l (H. odorata) LL'tl:::m:::unnf'l (H. helferi) lJi82 LU!lfLsD'W!?lLL'tl::: 75 LU!lfLsD'W!?l 

[?]1~~1~U 

6. 'ljU (;"l"ll 'fl-!l~'J b;ff'fl~1 b'fl ~1(;)hI ~'fli1~'1l1 
tr'J L~t:!']jU~ [;]1'11 LL'tl :::~fi n1~'tl'ltr'J L~'il nu~un~11Ji~ n'I"T[?J.JU1t:!ti1'1 [;]'il L ti'il'l ~1~1~n mJ'I']ju~ 

... J/ 'i'~ !'1~" ="" 
"lJ'il'lVlrWn'ilnLt:!A~!?Ib~At:!~b~'lllb~ 3 ']jU~ At:! 

" , " 
6.1 	 ~UL~t:! (soil inoculum) 9:::Lnu'"11nu1L'JruLLVI~'1n1LU~"lJ'il'l~'Wl~V1i1L~t:!1~A!lfl~'ll1t:!t..ilu 

, ", 
'\J 

.. fi~~~']jl51 dJu~fiUD~V11J1CJ'tl ~~1'W1U ~fiA!l')J ~ ~'WL~'ill~ AT] fl~"JjlV1~1'1'"11 n~l ~'Wm1th:::~1 ru 50 

L'llu51L~!?I~ ~n 10-20 L'll'W51\'~!?I~ l,xi1:nm~~51V1~lJ1'JtJ LL~'JtJl1u1-if~'WV1 VI~'ilLnult)l'W~i~u~:::~lru 
" , " 

hiLnu 71'W L~!l1~AT]fl~'ll1V151~'iltinu~uiJ9:::tJ11uA'tlnnu~'WL'\All:::'fY!?ln 1:6 ~'1 1 :10 ~'J'W LL~'JL'Vn::: 
'\J 	 • 

... 
L~~ ~LL'tl :::~'Wn~l -nT] ~"lJ!l'l~fiiJA'il tJ~:::VliJ~ L~w·h1-ifr.lltJU'iltJ hJ~'lm nilJ.]T]'W LL[;]-nT] L~tJ A!l~'W~ 

" 
ntl ~un~11J1 LL'tl:::~'WiJ'l!l19~ L~T]hrl51 ~~1~:::Ul ~nu ~un~11J141tJ~ n J1'JtJ ~fi m~iJT]'l n'WA!l ~'il'lL~'iln 

~U91 n~l n~'Wl~~~~uHutJ~1 ~91nl~A LL'tl:::A'J~U(?l n'd1 (?I'll 1 n~']jVlUl ~u'il'iln1,x~:::T]l(?1ri'il'W"lJ (?I~U
'\J 	 • 

tJ1LmhJ1-ifL'\All:::~'Wn~1 

6.2 tr'JL~'il~,J'ilf (spore inoculum) LVI~l:::nun~~h'l~u'ilf~ln L"J!U Pisolithus spp. 
I .... 	 '11 iI 

Scleroderma spp. LL'tl::: Astraeus spp. VI~'ilnYlhJ~1~1~m'\Al1:::L~tJ'lL~u1tJ1Ji1u'illV11n~tJ'lL~'il l(?ltJ 

" tJ1~U'il f"lJ'il~ \,~ (?In rl ~ 
q 
n n u \,~~ (?I'l"Tufi

• 
rlT]UL'\All::: n~l VI~!ltJl~tJ!lflU'tl:::~ltJtJl LL~'J~(?Iy.i'Wnu ~un~1VI~'il 

L~~~'I"T'W~1'WLLU~~ Lyn::: -n'il ~'n'il'l~fi m~~A'il tJlhJuB~1J141tJ Al1-ifr.lltJU'iltJ hi ~'il~HL'VlrlUA-rl L~~ 
LL[;]~-if'ElL~tJA'il hJ~1~1~mnU~u'ilflum~lru~ln11J1 hj~1~'un~VI~1tJ~uf~~~u~:::~'VlfiJllYl~~ 

L\,'tl:::~U'ilm~:::tJ:::~nl'l'J ~n1N'iln~laJ~~1L~~!l U1~']ju~~'ilnmn ~'il'l1o/jfim:::~ud1'W~L~~• 
6.3 	 "r'JL~'il\'~u1i.J""""'(mycelial inoculum) Lu'W~fim~~utJ~n'W~ln1'WU9~UULYln:::~1~1~n .- • 

" , " 
tJ'}lU'lJtJltJ L~tJ~ L~~91'W'J'WL~ultJ1J1~1 n Yll1J1tVltJ\,\,tJ n LL'tl:;L~tJ~ \'~U1tJ91 n VlT] n L ~ (?I-nT] L~tJ A'ilJ'l 1~-

A'ilfl~'lllUl~']j-W(?llaJ~1~1~m~tJ'l1umVlln~m L~T] lJ1 ~'f)'l1-if \, 'Vl rl-WrlLL~ :::~tJ nnUA'il'W-if1~iu.]'e)'W LL'tl::: 

~'il~ m ~A'Jrm¥\'L~:::rl'Jl~~l'Wl ru dJU~ LI"1~l(?ltJ \''ilYn:::9~9::: ~1 L-W'Wn'"WlJ1 LL[;]-nT] ~A'il ~(?I L~T] m1~ltJ" 	 ~ 
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tJ I r '" iI '" I 

~'Wfi~lrJl ,x'd b~'elYllrJl9:;u1-'I.'lVlfi'!J:i'1 ~91 n b ~ 'el'!J'W bU'el'W lb~:;lrJl'l.'lltJ~'W fiL ~'elJ'IYllrJlr)(9) b~'f.l m \Un :;'I.'l~ bb~'d" , 
I iJ II I 

~11-n~'1iJ'!JJ':;~VlfiJll~ 'I.'l'l bll'WYlutJ~1'WnlJ'~ ~ [9l,x'd b~'f.l b~'1 nl),AI J''!Jbb1JU"1l'f.l'l,x'd b~'elL~'W1tJYl~tJ~1-niJ 
~ ~ 

, "', 
6.3. 1. b~'W1mb"1l'd'W~'f.ltJ (mycelial suspension) dJ'Wnl)'1-nb~'W1tJYlbbtJn91nb'W'f.lb~'f.l 

It.-'" 'V '" I I '" I 

(9)'el n b~ (9)Yl b~m1'W'f.ll~ln~tJ'I b~'elb~~'d~~'f.lU'W'f.ll~lnb-n'lLb~,) 91 ml'WUl b~'W1tJVilrJl~lu'W1 'WUl n5'W~1 
'" '" b~'f.l bb~'d1~1~nu ~'Wn~1 -if'il~~'elvll1!?l~ltJ'!J:i'1 ~91 nnlJ''!J'WLU'f.l'W''1l'f.l'l9~'WVl1tJ LLl'liJ-n'elb~tJ ~'il:i'1 b'f.l r1 bV!• 

'" , '" 
1~ r1'elflJ'''l!IUl'1'llU(9)oJ'Whj~I~I)'r;) b91-r;),.!lrJl~5'191 n b~'W1tJ ~ nU'Wbll'W~'Wb~ n1 (Brundrett LL~:;r1ru:;, 

2005) 

lJ '" '" '"="" "" PI "" J:' 1 "" "" '" " peat-vermiculite) (Marx bb~:; Kenney, 1982) ,)fi'WblJ'Wnln~tJ'H~'W mlU'W'f.l1~ln~mb'll'f.lLb"1l'l bb~,) 
, ,'" 

Ul ~J11~ ~'11 'WJll'll'W:;Vi 1JJ'J''"l b'd'el Hl r1 hn1bb~:;~ Vl~'el'l.'lYl ch'Wnl J'~1 b~'f.l bb~') 1 'W'fl[9l n~')'W 9: 1 b(9)tJ. ~ 

iI '" I iI II '" I 

ill~ 1 [9l)' bb~ :;vll1~"ll,~!?l'd tJ'f.l1 ~1 J'b~ tJ'I b ~'el b~ ~ ,)Yl b~ ~1:;'I.'l ~ ,x'd b~ 'el'll U(9)\loJUrJl b t1'W,x') L~'elYl iJ 
'" '" th:;~VlfiJll~ bb~:;l!?lfu r1'dl~UtJ~ Yl'li1b~:i'1 :;b'd'f.l:HJ r11~vliJ-if'el ~~'el 'f.l1 nl ~ rilmVll!?l~ iJ)'~)''W b~'W1tJ 

~ ~ . 
Lri'el L'"l1-r;),.! LL VlJ'n b-nl1'!J'I.'lI~I)'r;) lrJlfu nl),'!J nU'il'l bb~ :;~Vl ~'el'l.'l"ll'dtJ1 'Wnl )''!Jfu pH 1~b~~1:;~~ l'l'el nl), 

b'"l1-ru"1l'f.l'l b~'W1tJ~'1'eltJl'W),:;~rJl\1 4.8-5.5 bb~:;iJ'ell~lnim b~'elL~~'d~iJfil [9l'ell~ln~'f.lHi.'WnI),.. '" . 
'" 

b'"l1-ru b~Ub[9l bbl'liJ-n'el b~tJ ~'il1-nb,)~I'Wl'W1'Wnlnj~b~'f.l'f.l19~'1e.J~1~nb'f.lr1bV!l~ r1'elflJ'''l!IUl'1'llUVl'l.'l ru b~tJ 
.. 'U .. 

r1'dl~'I.'lI~I),bll'Wnlnn(9)1~r1'f.lfl),·1111!?l (Molina, 1980) 

6.3.3 b~'WltJ~vll1~'el~1'Wbij(9)bbr1I'H~tJ~'El~9b'W[9l (Alginate-entrapped mycelium) ,x') 
'" '" '" I t.r I I 

L~'el b~'W1tJ'llU(9)i1'1.'lI~IHlvl11~(9)m~tJ\I b~ 'W1tJU'W'il1~1n ~~') bb~'dUI L~'WbtJ ~ lU'Wb'WU1 n 5'WYl ~ l'Wnl), 

'" ~lb~'f.l 9'WbU'W~lnL"1l,)'W~'elm~'W1tJ L~~b"l!L~tJ~'El~9L'WV! 2 b'!J'f.lfb-n'W[9l1(9)tJ~'d~l'l'elill~1[9l)' ~\ll'!Jl'W 

m~1 [9lJ'b'Yhn'W 91n,r'WU1~'d'We.J'I.'l~~~tJ (9)~\l1t11'W'I.'lI)'~:;~lmLr1~ L~tJ~r1~'f.lh~ml~b-if~-n'W O. 7 b~~lf 
'" '" 

(Mauperin bb~:;r1 ru:;, 1987) ,x'd b~'el'llU(9)i1iJ-n'el ~ ~'el b~'WltJ'"l:;~1~1),bliJ~~ [9l'el~l!?l'Wl'W b~),I:;LiJ(9)'fl~9 
'" L'WV!Lnufm11r1,)I~~'Wb'f.l11.n!?l nb'elr1b[9l1~r1'elfl),"l!1~~ltJ'llU(9) L"ll'W Oescocolea sp. Hebeloma sp. 

'" I-

Laccaria sp. Lb~:; Pisolithus sp. tJJ':;~Ur1,)I~~lb~991nnl),vll'\r,)b~'el!?l'dtJ~fii1 Lb~:::~I~IJ'blbnul.nrJl 

~'elru~JllJ~I'Wl'W~\I 7 L~'el'W (Kuek lb~:;r1ru:;, 1992) ,Jn~tJ~e.J~[9lbtl'Wnl)'AI -if'elb~tJ~'el~'el\lHf~IJ'br1ij
• 'U 

7. 'i1b'fl~1V!1~~'f)fl'i'111b~VlbI:J1~ (Astraeus spp.) 

b~ (9)ttJ'I:;~~'el L~ (9) bl'elU (Asfraeus spp.) bu'Wn b'el r1 b[9l1~ r1'f.lflJ'''l!I~·r·iU1rJlvY'd1'!J1'W1j r l b"lJ iRflU~'W 

bb~:::L"1l [9l¥'el'W 1'W'!JJ':;bVl ~1VltJ,Jn~UVll'1Jllr1mU'elbL~:;Jllr1V!:;i'W'f.l'f.lm~tJ. '1 bVlU'el (9)'elnL~ (9) b~1::: iJ5n'jj-ru::: 

n~~ l:IJiJ nl'W(9)'el n (9)'el m:i'f.l'Wij~"1l1'd~JJ'W bri'el bbn b'!J~'el n~~ !?l1'W'W'f.l n9:::bLV!n'el'f.lmu'WLL'UnLb~:::'I.'ltJ'f.lf9:::• 
, '" '" 

m:::91tJl'!Jm:J.J~~ LU'Wbi1(9)Ylr1'WY1'WbiJ'f.l'lUtJ~'J1-bJlr1 'el'eln(9)'f.lntJ~:; 1 r1f'l1'W"ll'd'l~'W~~~'W (~~'el'W 
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~~'1jIl1rl~()~~~'Wlrl~) Zeller (1948) ll~~ Kirk ll~~rlru~(2001) lcJlnml'W~lnl'ElAbI?l1~A'Elfl~"ll11'W 
<=>I <=>I "" "" 0 0/. I 1 ~ <=>I 1t-<=>I

~f1~ Astraeus ~L~tI~ 2 'll'W1?) A'El A. hygrometricus ll~~ A. pteridis ~1V1~Uu~~l'Vlf"1 'Vltl b'W'El1?)1?l I?)~ 
, 

I C" .:::l -=i.c:,j oQ -'=.:II ..a. 	 Q Q if"' d Q/ ~ 

nml'W'JllV1I?)Lt:.JI~'Vl~'J~l~tI~'ll'WI?)Ll?)tI'JA'El A. hygrometricus ('El'W'J~~1?l l'U~~'\"j~~lL~~ fi~'JW-J'W lJ'1! 

'Vl~Aru, 2524, 2525) '"l'Wn~~~~ Phosri Ll~~Aru~ (2004, 2007) l~.yhn1J'~n~l~n~ru~'VlI'l~ru~I'W. ~ 

h"llIL~l?)lt:.JI~1'Wu~:::L'Vlf"11'Vltli1'El~cJl'Jtln'W 2 'llUI?)~'El L~l?)lt:.Jl~VI,r~ (Astraeus adaratus Phasri, 

Watling, M. P. Martin & Whalley) LL~:::L~I?)Lt:.J1:::~It1 (Astraeus asiaticus Phosri, M. P. Martin & 

Watling) 

7.1 	'a1b'flrlb~11:I-Jrl'flfl'a'Zf1b~~b~1~~1t1 (A. asiaticus) 


'El'WnJ'~~fil'W"1J'El~ A. asiaticus (Kirk U~:::Aru:::. 2008)
• 

Kingdom Fungi 

Phylum Basidiomycota 

Class Agaricomycetes 

Order Boletales 

Family Astraeaceae 

Genus Astraeus 

Species Astraeus asiaticus 

~'Elm~ ~i1~n~ru:::n~~()~ f1'El'Woifl~ n~~ hli1ril'WI?)'Eln i1"1J'W1 I?) l~'W~I'W~'WtIn~I~UJ':::~1 ru 
, 

QQ cv'V 	 ..:::.I, iJ 4 I evil 

18.7-29.7 ~~~l~l?lJ' t:.J'W~~I'W'W'Eln (outer peridium) VI'W1 ~A'El'W"1JI~"1JI'J l~'ElLLnt:.J'W~I?)I'W'W'Eln'"l:::Lll?ln 
~ ~ 	 ~ 

dj'WLl'UnU~~~lru 5-12 Ll'Un ~1'W1'W"lJ'El~t:.J,r~-n'Wu (inner layer) f1'El'Woifl~"lJI'JLL~:::dJ'W~L'VlI'El'ElntJlI?l1~ 

L~'Elbl?l L~~~ endoperidium i1"1J'WIl?1 L~'W~I'Wf"1'WtJn~l~lh:::~lru 13-24 5j~~ L~I?l~ i1n1ml?ln'iltmvl'~''El 
'lJ 

LUl?1'El'Eln~ apical l?1'Elm~~!l'El'W'"l:::i1 gleba ~"lJI'J L~'El'i:I?lL~~~'"l:::i1~~II?l1~U'WlJ'J'l [)1t11'Wi1LU~~'i:'El 
, ~ 


~U'ElfVli1~n~ru:::n~~i1V1'WI~ i1~tJll?ll~tl'WJ.i'J~ "lJ'WIl?1 L~'W~I'Wf"1'WtJn~I'lU~:::~1 ru 8 .75-15.2 

'II 

2) 

-- . 	 -- . 
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4 <V c; ~I ,a ~I 
1l1~'V1 2 ~m~ru.:;"lJ'rN!?l'rmb'VI!?lbe.J1:;~1rJ (A. asiaticus) ~:;rJ:;[?l1-:J1 (n) !?l'elm'VI!?lbe.J1:::~1rJ'"l:; 

~lJb~'jJ1mJn~m..JJ)T\'!'jJ'eln ("lJ) !?l'flm~!?lbe.J1:;'£hm~'elci~bbri~h1ih~'jJ~1l'el~!l1tl1'jJ (~) !?l'elm~!?l, 

be.J1:::~1m~'elbbri'"l:::bb[?lmU'jJbb1lnll~:::~1ru. 5-12 bb'Yln 

7.2 'i1b'el~1/P11t1~'el~h"ri1b~~be.l1~'VI,r-1 (A. odoratus) 


'fl'jJn~~~fi1'jJ"lJ'el-:J A. odoratus (Kirk bb~:::~ru:::, 2008)
, 

Kingdom Fungi 

Phylum Basidiomycota 

Class Agaricomycetes 

Order Boletales 

Family Astraeaceae 

Genus Astraeus 

Species Astraeus odoratus 

!?l'el m~!?l ~ in~ru.:;n~~~-:J rl'el'jJ~1-:J n ~~ hJ ~ n1'jJ!?l'el n b~'el b[?l b~~~~1 ~1~()~"lJ'jJ1 !?lb~'jJ~h'jJ 
, 0

~'jJtJn~1-:J1~~-:J 65 il~~b~m !?l'elm~!?l~n~'jJbI.Nb'VIij'el'jJ~'jJ;'jJ1 e.JU-:J~1'jJ'jJ'eln (Outer peridium) i1tllJ 
'" I ~ j..o 

~~U1 [?l1~'el'fl'jJ1 bij'ell.l.ri e.Ju-:J ~1'jJ'jJ'el n'"l :;I.b(;] m 1I'jJI.L'Ylnll~:;~1 ru 3-9 I.I.1ln ~'1'jJ1'jJ"lJ'el-:J e.Ju-:J-n'jJu (i n ner 

layer) ~rl'el'l.l~1-:J,f1[?l1~ b'Vl1'"l'jJ~-:J~1 endoperidium il"lJ'I.l1!?lb~'jJ~h'jJ~'I.l5n~1-:J1l~:;~1ru. 13-25 
, ~ 

il~~b~(;]~ iln1~bb(;]n'el'eln'VI1'elbiJ!?l'el'elnV1 apical il gleba ~U1(;]1~1l'l.l~'1-:J blJ~~t'el~ll'el~ilin~ru:::n~~ 

~'VI'1.l1~ ~~,f'1(;]1~1l'jJ~'1-:J "lJ'I.l1!?l1.~'jJ~h'jJp\'I.ltJn~1-:J1l~:::~1ru. 7.5-15.21~b~n~[?l~ ~n'V'llJ!?l'elm~!?l1'1.l 
" 

~'I.l'Vl ~1 tl'VI1'el ~'I.l~ n f-:J 1'I.llh b~-:J f-:J "lJ 'fl-:J!l1 ~ b'VI U'el bb~ :;!l1 FI In :;i'l.l'el'eln b~tl-:J I. 'VIU'el 1'jJ"1l'1-:J ~ ~ ~'I.lb~'el'l.l 

'V'l~'ft!l1F1~~-:Jil'l'l.l1tl'l.l (Phosri bb~:;~ru.:;, 2004)(!l'1'V'l~ 3) 

http:bij'ell.l.ri


li:'L~n@~i:'@~~'~~'W1.L~M,' n1L~ L~i:'~1!1,i:'~~1 i:'n"~~~n nq~bL~L~~@~'LIiLt1Ii~ni:'~ ~L~)%1l 

I1I'H,mV~'1U~I1U\l3~ ~@~, i:'L~unLf1i:'I1." I1L~l!1,lil@n'i:'~~n~\l3' LlA,mL~Ln\l3@~1!1, i:'~'mL~Ln\l3IiLni:'L~ 
F=r tt I ~!P' ~ tti r .r ,.",0 P' fF" ",,0 ~p 

Ii~ @n' ~~Ii'~LM,'~LU~~'gnM,lilLnl1. rt~ LLf.j;(,~M,n@lilW1.~i:'l'lli~Lnlin@~mL~n:ruLIi~~n:N,~~I':l~~~~ tt k Ii' .D ~..D .-1l Ii=" rl. S' p:r Ii=" II> 1<> I 

'" 
(17~M,LLf) ~~rt'~n\!.' 17~ X G~ ~LnlT. Uf!. £ njwf!. ~~rt'~n\!.' 17~ X £ ~LnlT. Uf!. G e..L~Uf!.I1~~ 9 lilLnlT. 

, '" 
e..L~IiL~I1~~!!Ii~U~ru.j;(,U,.~!!~1':l I1~U 9 !!U@lill1~U f1le..,.lA,rt~~~L~Lt1~lnjnlT.!! Uij,11 £ nj Uij,11 G 

I rt rt rt 

Ib 

e..L~ U~1' 9 nrJ1UmmL~f1lb~~ 9 e..umL~I1~~!!~~1me..~f1~nrJW1.11~~Ii@~W1.~ln@~U@~'b~Ui:'@~I1~U 

i:'~~L~f1~~'mtU@\!'IiL~lnj@!J.onrJ1U@lilU@@M,Ii[.~nlJ1U@lil ~~Ii'~n\!.' 9'17-9'G e..L~l1tnL~ ~ 8 ~ 
, '" 

~ ~ !!l1vnrr.1W1.~' 11~~l1tn~l W~I1@\l3l1t~L~f1Lnl!1,l1t@J!1 ~lt1Ii'~n\!.' 9£-OG X 9~-8 ruLIi~~f1lilLnrr. 

U@I!1,f1lIiU11J1lf1ll1,.~\l3i:'~~ w~mtnlJmt ~~rt, 09£ i:'~i:'L~UnLf1~1~lA,I1l4~~~1'i:'~lt1i:'~IiLe..~~~lA,1~~f1 
b b b b 

i:'@IT.~LLfUlA,e..~LlT.ml!1,rtLlt1~~11 ~LgL~ ~e..~rttL~Ii~~nun~~L~~~U~LU~IT.'!!Lni:'L~~n ~lA,l~lA,'~~f1 

Ib b 

ntl1~I!1,L~ IiLn~~~1~~1,e..L~ L[.M,lil1 ~~'~'Lli ~lA,l L['tM, ~lA,'L~~i:'lm'IJn,.M,~L~~~U~LU!! i:'&N~1 ,. ., 

Lr,t~~1mt~,.~l':lrclLr,tntl1M, &lt1Ii, 09-017 i:'~)%1li:'~~Ii~'~1@~1 [1j1!1,t~LnlT.n~n~~nnr;p Lni:'L~ 

snJBIB SndJBJOJ8Jd!0 S81J8dS 

SndJBJOJ8Jd!0 snu88 

88888dJ880J8ldiO AI!W8.::l 

S8188Ljl J8pJO 

8P!sdo!IOu68V\1 SS80 

8lALjdo8Lj88J1 UO!S!A10 

88lU81d wop6ul)l 

(G86~ 'UOlLjSV) uOO'8 X8 'qxoCJ SnJBIB '0 i:'@lT.nwe..rtwn@ ... 
(UOO'8 X8 'qxoCJ snJBIB SndJBJOJ8Jd!0) LrtC'LI& '9 

U~" 6-£ ruLIi:::&f1u~1'nlJ1Ult11'~~ 


fJ'1@~1i:'!bI!1,~LI':l1~~'U@~ (~) nt~LLfj@f1\l3n~1~tLf:lfJ'm~@~'i:'!bI!1,~LI':l'~~'U@~ (IT.) n@r;i:'E~rulT. 


i:'nl!1,:::LI':l'lill!1,1U@~ (u) li:'L~:::~:::& (snJBJOpO 'tt) i:'nl!1,:::LI':l'lill!1,1U@~i:'@IT.:::ru-RU~ £ lA,M,Ll1
 1'0" I D po ...0 ro 

01 

mailto:i:'nl!1,:::LI':l'lill!1,1U@~i:'@IT.:::ru-RU
mailto:i:'@lT.nwe
mailto:i:'@IT.~LLfUlA,e..~LlT
mailto:U@I!1,f1lIiU11J1lf1ll1,.~\l3i
mailto:i:'~~L~f1~~'mtU@\!'IiL~lnj@!J.onrJ1U@lilU@@M,Ii[.~nlJ1U@lil
mailto:e..umL~I1~~!!~~1me..~f1~nrJW1.11~~Ii@~W1
mailto:LLf.j;(,~M,n@lilW1.~i:'l'lli~Lnlin@~mL~n:ruLIi~~n:N,~~I':l
mailto:li:'L~n@~i:'@~~'~~'W1.L~M
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ll1'nvl 4 im~tru~~,~h.! (;)'fln 1u bb~~e-J~'1J'fl'ltJ1'l'\J/l (Oiptercarpus alatus Roxb. Ex G. Don) 

(htp:/lwww.kasetloongkim.coml modules .php?name=showpage&pid=921, 

http://www.vncreatures.netichitiet.php?page= 1&loai=2&ID=3307, 

http://www.flickr.com/photos/haile/302072228) 

Go' .dJ cv r 1!11 w; .J~ ~dq t ~ cv J
1 . rt(;)b~'fln~lrJ~'W~~lb'flrtb(?l lJrt'fl~ ~~"1l1b'Vt(;)bWl~'Vl:J..JMJU(?l'Vl(;)bb~~b'\.nJI~~:J..J(?l'flnl~e-J~L9l'Vt'Jb"1l'fl 

b~'fl~~I'l b'fl rtb(?lllJrt'fl fl~6jj11~Lbrinlh1iJ1'W'J'l ~tJ1\l'W1 


... ev..J',,~ 'i'b!'1 '" 

2. e-J~L9l'Vt'Jb"1l'flb~'W brJ~1b'flrt bL9l :J..Jrt'fl~ ~~1b'Vt(;)be-J1~ 

... ..J' "... .,. 'i' " 1" ..9" 'i' 'i' 1 or3. 	 'Vl(;)~'flUmjL9l(;)b"1l'flbb~~m~n~~!?l'Wm~b"'l~q)bL9lU bL9l"1l'fl'ln~1 :J..J'J 1"1 tJ1'l'W1 b(;)mlb'flrt bL9l :J..Jrt'fl~-

..lev ....1~"1l1'Vlrt(;)b~'fln 

tl~t!l"JnJvl f>11 ~11~~1~~u 
1. b~~lm1'Wfi~lb'flrtb:J..Jrt'f)fl~"1l1b~(;)be-JI~WW'lbb~~bl1(;)be-JI~~1rJ~~bb~~b'VtlJ1~~:J..J1'Wm~Hbll'W, 

~'J b~'fl b~'W1rJ~1~1~nun~,1iJ'J'l~tJ1'l'Wlb~'fl n ~~~'Wm~b'~1q) 
2. 1~ nJbbUU'1J'fl'l n1~1~~'J b;r'flb~'W1rJ~1 b'flrt bL9lb:J..J rt'fl fl~"1l1 b~ (;) be-JI~~ b'Vt:J..JI~~:J..J.. 

http://www.flickr.com/photos/haile/302072228
http://www.vncreatures.netichitiet.php?page
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1.1 b~'tll.tlLb"l.l'1U~'2ltl (mycelial suspension) b19l1m.Jtf'Jb~'fl~"l~'Wt(91mi£J"lb~'Wlmlb'flfl t19l1:w 

fI'flfl~6jjlb";(91 beJl::;t"ll£J'Yi'WB~I"i(91b~'fl n 1~~'fl b";(91 beJl::;'£h£Jt"ll£J'Yi'WB KAt\l116 bb~::;b";(91 beJl::;tn!"lt"ll£J'Yi'WB
q q q 

~ ~ I I 

TAK81'W'fl1'\.11~b~mb~'flb'\.1~'d MMN ~~filpH 5.5 bll'Wb'J~1 14rJ'W ~~bW'\.1.fJiji1'fl"l u1b~'Wl£J~lb'flfltl9l-

1:w fI 'fl fl~6jj1 b"; I?l beJl ::;:Wl ~1"l ~'J £J Jl n i'WiJ ~'fll?l b~"'fl b~'fl ~1"l'fll'\.11 n~"~"l b~'fl'fl'fl n ~'Wb~ 'Wb£J ~1 b'fl fI tI?11:w

fI'flfl:i'''l!1b'';(91bm::; 10 nf~,l'WJ1ni'W~e-h'Wn1:i'6J.hb~'fl 200 ij~~~l9l:i' ~"lJll'Yi~ 5 (n) 

1. 2 biu1tlVlvh1~'2l!i1ULij~ Lbfl~ b;imJ'el~~LU~ (alginate entrapped mycelium) bI?11£J:W 
<u 

"" "f :; 'lJ 'i' ..r 'lJ ~ 'i' 1 !'1 a ~I <V CJ(I' <V

'\.1'J b"ll'fl "l"l19l'W ~I?lm~mbt"l 'W b£J:i"l b'fl fI ~19l :w fI'fl:i' ~:i'''l!lb '\.1 i?1 beJl::;li-Jl£Jt"ll £J'Yi'Wfi 
q 

KAI\I1I6 bb~::;b'\.1i?1beJl::;'\.1'W"lt"ll£J 

'Yi'W~ TAK8 ~1"ii?1b~'fln1~1'W'fll'\.11:i'bi£J"lMIVIN bb~::;pH 5.5 b'd~l 14 rJ'W ~~ru'\.1.fJiji1'fl"l ulb~'Wl£J~1b'flfl 
t"l1:w fI'flfl:i'"lll b";i?1 beJl::;:Wl~l"l ~'J £JJl ni'WiJ~'fl i?1b~'fl b~'fl~1"l'fll'\.11:i'bi£J"l b~'fl'fl'fl n ~'Wb~'Wb£J:i'l b'fl fI t19l1:w

., 
fI'flfl:i'"1l1b";i?1beJ1::; 1 0 nf:wl'Wt"l1:i'~::;~1£Jt"jjb~£J:wrer~~b'Wl?1 2 biJ'flh.n'Wm(91£J:W'J~r?i'flm:W11?1:i' '"llm!'WUl 

b~'Wlmb"ll'd'W~'fl£J~1~:Wl'\.1£J(91~"l1'Wt"l1:i'~::;~1£Jbbfl~b~£J:Wfl~'flhC91f1'Jl:Wb~:W~'W 0.7 t:W~l~ (M) ~"lJll'Yi~ 5 

111'ViVl 5 tf'Jb~'flb~'W1mlb'flfl t19l1:w fI'flfh"l!1b";(91 beJ1::; mJ'LI b~'Wlmb"ll"J'W~'fl£J (n) bb~::;i'J b~'flb~'Wl£J:i'l 
b'fl fI t19l1:Wfl'flfl:i'''l!1 b";(91beJl :::bb'LI'LI b~'W1~1'WliJ bil I?l bbfl~ b~~J:wrer~~ b'Wl9l ("ll) 

~1~'Yi'WBb~i?1beJ1::;~1~~1£J'Yi'WB KAN 116 bb~::;b"; i?1beJ1::;WI!"l~1£J'Yi'WB TAK8 ~1"ii?1b~'fln1~1'W'fll'\.11ni~"l 
q q q ,., , 

MMN bb~::;pH 5.5 b'J~l 14rJ'W ~~bW'\.1.fJiji1'fl"l ~i?1~'W1'W'LI1'b'JbW"ll'fl'LI~1'W'W'fln"ll'fl"ltflt~U~'Jmfl1'fl"lb'"l1::; 

http:1"l'fll'\.11
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~nfl'el~n~'l'I.l'J'I.l 8 :]'I.l ,J,1hI11;1l'1'1.l"1J'J~bbn'J'lJ'I.lrWI 500 ~~~~19l~~iJ1'1;1l~1Ji1-:11~C,h'l.ln1~~1L~'elLL~h~'el (1) 

b'J'el~~~b~VibL~:;YJ'Vll.J'el1;1lt'l.lreifilJ'1~'J'I.l9:1 bi?l£Jml.J1191J' (Garbaye, 1988) (2) "l!£Jl.J:;Yl~1'JLb~:;LLn~tJ1'1.l 
Q/ I .J 0 'i.I I g,., .c:J.oQj J'I

'ell9l~11;1l'J'I.l1:1 bi?l£Jml.J1191~ 'Vl'Vl11~~l.Ji?I'J£J'el1~1~b~~'J MMN 'Vll.Jfl1pH 5.5 bYl1:;L~mL~'I.l1t1~1b'elflbfil 

~ '!'1 " ~I J .dI.J cv ::. "0

bl.Jfl'el~b~"l!1LW?Ib[!..J1:;bu'l.lb'J~1' ~:;l.J1ru 1 bi?l'fl'l.l (f11Yl'Vl 6 n bb~:; "11 1911l.J~1i?1tJ) "'l1n'l.l'l.l'Vl1n1~~1-:1 

.n1~v1 6 'tf'J b~'el b~'I.l1£J ~1 b'el flbfil fl'f)fl~"l!1b~ (?)b[!..J1~bbtJtJ b~'I.l1£J b"'l1~1'I.l1'Ml[!..J1;1ll.Jb'J'elf~ '!1b~Vibb~:;;~'Vll.J'el1;1l 
(n) bb~:;'tf'Jbi'el b~'I.l1m'1 b'el flb~bl.J fl'elfl~"l!1b~ i?lb[!..J1:;bb'LJ'LJb~'I.l1m"'l1~1'I.l1'1;1l~ [!..J1;1ll.J~tll.J:;Yl~1'J 

bb~:;;bbn~'LJ ("1J) ~'v'h1~1l.JC}h£J'el1~1~b~~'J MMN 

2. tl'il:; Lij t.I ~~'iltJ LL 'IJ'IJ"lJ'eHl,"'J b~'fI L~t.I"ltl'il1 L'fI flt~1)J fl'fl~l 'iI"lf1 b~~ b~1:;V1 il ~'fIn1'i1 ... 
~~L=a'fll ~ fl'fl~l'ilen1 LL~:;n1'iln'il:; ~ •t.I n1'i1 L~ 'IJt ~"lJ'fI.:! ml11~tl1.:! t.l1 

bmtl'LJbYl£J'LJn1~~(?)L~mL~:;n1n~'lJb~"1J'el'm~11iJtI1-:1'1.l1 (Oipterocapus a/atus Roxb. ex 

...J.aj 1 ,cv J 'i' 1 ,-~" ov 'i' ~ '-1 " '::1
G.Don)'Vll.Jn1~ 1;1l~'Jb"l!'elnb'flfl b!?l l.Jfl'el~bJ'"l!1b~(?)bC.J1:;~'I.l-:lbb~:;~1b'elfl bfil bl.Jfl'el~ J'"l!1b~i?lb[!..J1:;~1t1 

Ell bb'lJ'lJ 1J11-:11 bb~:;~(?) fl'JW·ll.J~1~1~1~'tf'J b~'el 
2 .1 n1'i1LIR~tI)Jn~11~tl1.:!t.l1 Yhn1~~1bi'fl~n'Jbl.J~(?) b(?)£Jbb-rllw 5 bll'elfb~'I.l~ Sodium 

Hypochlorite dJ'I.lb'J~1 30 'I.l1~ ~1~~'JtI,f1ni'l.l'l.l~'eli?lbi'el 3 fli-:l bb~'J,J,11llbYl1:;;bl.J~(?)1'1.l~-1bYl1:;-n1 
b(?)tl1~t'1..:J~:; 1 bl.J~i?I ~'lJ~~"'l1'1;1li?l'l.l~n1~bbri bYl'elfl~Vi:YJ'Vll.J'el1;1l:'Vl~1t1 rei!?l~1~'J'I.l 4:2:1 bi?ltlml.J1!?l~ ~ 

q q 'I 'iI 

~1'1.ln1~"J.hb~'f)bb~'J ~i?I,f1"iln1''I.l'''l'l.ln~11iJ'el1tJ 1 b~'el'l.l 
2.2 n1'i11~,r'lb:['fI'iI1 L'fI!PIt1R1)J Pl'fl~1'i1en1 LL~:;n1'i11P1 bb~n~11~ Yl'l n'1~~1t1 ~'I.ln~1~il'el1£J 1... . 

b~'f)'I.l ~-11'1.l'r1;1l(?)'l.l~n;..:J;)'fl 2.1 ~~1'1.ln1~·JhLi'elml.J1!?l~ 500 ~~~~19lJ' 1'1.lt'1~bYl1:;-n1"1J'I.l1i?1 3x6 U'J ~il. '" . 
n1J'1~i'Jbi'elb~'I.l1t1E'l.lbb'LJtJIJi1..:J11'1.lml.J1ru1J11..:J1 ;..:Jif 

http:n1'i1LIR~tI)Jn~11~tl1.:!t.l1
http:bmtl'LJbYl�J'LJn1~~(?)L~mL~:;n1n~'lJb~"1J'el'm~11iJtI1-:1'1.l1
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, " 
1~n1:i''Vl~~1.l~Vl1 1~A'dtJ~:whi1~~oJ'dL~1.l (C) 

1~n1J'Vl~fl1.l~~ 2 L~'WlmL'lJ'd'Wfl1.ltJm:Wlru 5 iJfl~~LP1J (MS-5) 


1~n1J'Vl~fl1.l~~ 3 L~'WlmL'lJ'd'Wfl1.ltJm:Wlru 10 iJfl~~LP1:f (MS-10) 


"I1~n1:i''Vl~fl1.l~~ 4 L~'W1mL'lJ'd'Wfl1.ltJm:Wlru 20 iJ~~~LP1:f (MS-20) 


1~n1:i''Vl~fl1.l~~ 5 L~'WltJ~.yhl~1.l~l'WLij~LLAflL~tJ:w'flfl~:'h'WLP1m:Wlru 5 iJfl~~m (AE-5) 


"I1~n1:f'Vl~fl1.l~~ 6 L~'WltJ~.yhl~1.l~l'WLij~LLAflL~tJ:w'flfl~L'WLP1m:Wlru 10 iJfl~~LP1:i' (AE-10) 


"I1~nl:i''Vl~fl1.l~~ 7 L~'WltJ~~r,l~1.l~l'WLij~LLAflL~tJ:w'flfl~L'WLP1m:Wlru 20 iJfl~~LP1:f (AE-20) 


"11 ~n1:i''Vl ~~1.l~~ 8 L~'Wlm'"l~'lJl'Wt)~~ ~~:w L'd1.lfiJ~lfl'VlLLfl~~'Vl:W1.l~t~tJ~~:w ntJt)~ ~u~n1'W 


'flLP1),I~'d'W 1:9 t~mE:W1LP1), (VM+PM-1 :9) 

'll ~n1),'Vl ~fl1.l~~ 9 L~'WltJ L"l~rul'Wt)~ ~I ~~:w L'd1.l fiJ Alfl'VlLLfl~~'Vl:W1.l~ L~tJ ~~:w n'Jt)~ ~Ufl n1'W 
q QI q 'lJ q '\J 

'flLP1n~'d'W 1:6 t~tJm:W1LP1), (VM+PM-1 :6) 

'll ~ ni:f'Vl ~fl1.l~~ 1 0 L~'Wlm"l~rul'Wt)~ ~~~:WL'd1.lfiJ Alfl'VlLLfl~~'Vl:W'f)~ t~tJ ~~:wntJt)~~Ufl n1'W 
q QI q qJ q 'lJ 

'flLP1),1~'d'W1 : 3 t~tlm:W1LP1:i' (VM+PM-1 :3) 

"11 ~n1:i''Vl ~fl1.l~~ 11 L~'Wlm'"l~'lJl'Wt)~ ~ 1:-J~:W'lltJ:W~y.j~I'd LLfl~LLnfltJt~tJ 1:-J~:wn'Ut)~ ~U~ n1'W 

'flLP1),I~'d'W 1:9 t~tJm:W1LP1:i' (CD + RH -1 :9) 

'll ~n1:i''Vl ~fl1.l~~ 12 L~'WltJ L"l~rul'Wt)~~~~:W'lJmJ~y.j~I'dLLfl~LLnfltJt~tJ ~~:w ntJt)~ ~,Jfl n 1 'W 
q ell q q q qJ 

'flLP1:i'I~'d'W 1:6 t~tJm:W1LP1), (CD + RH -1 :6) 

'll~nl),'Vl ~fl1.l~~ 13 L~'WltJ L'"l~(lll'Wt)~ ~~~:W'lJtJ:W~y.j~I'lLLfl~LLnfltJt~tJ 1:-J~:wntJt)~ ~Ufl n 1 'W 
q QI q q q 'U 

'flLP1n~'l'W 1:3 L~tlm:Wl(;1:i' (CD + RH -1 :3) 

" " ~1n1),'Vl~fl1.l~"I1~fl~ 3 ~11 fl~ 5 11l'd1.lth~ 'dl~LLe.J'Wn1),'Vl~fl'f)~LLtJtJ CRD ~LLfl~'Wlm~m~"jl l~~tJ 

l'WLLP1JL'"l'W yJ1.l~yJ1.l¥~LLfl~h'1LL'Vlm~tI:w l'W:f~V)'UUI'Wnfll~ (JlIAe.J'W'ln n) 'VJn1 2 iU~I'\XdJ'WL'lfll 8 

ij vl'fl n1'a~ (;l b:ff'fll3J ~'flfl'j'1!1"1J'fl,:j ni11~~1,:j'U1 
L~1.l~'Wn~I1.l1tJ 8 L~1.l'W ~1n1:i'tJltJn~11~1.l1.ln"llnbl'lLy.jl~~1 '"llmr'W~I~t)~~Ufln'f)1.ln'"lln

q q q 'lI 

nn~'dtlJl1h~lhl~~~m~ (;1),'d'"l~1.ltJ'lloW~'lJ1.l~nm1.lAbLP11:WA1.lfl:f'l!I~y.jtJ V)~d 
2.3.1 LPl:i''d'"l~n'jj'ru:;~ru~I'W~'VltJ1'lJ1.l'lnm1.lAtLP11:WA1.lfl),'l!1 l~LLn :fUil'l 

~ ~ 

~n'jj'ru~ t~tJ~~LnLP1'"lln~ 'lJ'WI~ LLfl~~n'jj'ru~L~'Wlt1~1.l~),1.ltJ1nn 1.l'f)ndJ'Wn~:wm:w~n'jj'ru~~y.jtJ 

-- ., [9l1:W)'1t1'l1'W'lJ1.l'l Agerer (1991) LLfl~U'WVinJlIYidrlnJllt11~n~1.l'l"r6t"'rJ'~,rLLtJtJ~L[9l1.l~t1.l 

2 .3.2 [9l:f'd'"l~1.ltJ'lloW~nn L1.l At[9l1:w A'f)fl:f'l!1 ~'dtJ~fi ni),'Vl1'l1.l ru~'WD ~1~ LPlfl~tJ ni:f'VII~I"'tJ 
• ~ q 

, " " 
L'U~Vl1?lILL'VI,j'l Internal transcribed spacer (ITS) t~tJiJi'WLP11.l'W"''l\l 

- "jll1l'dmh'l),lnL1.lAt[9ll:!.JA1.lfb'l!1 91'W'd'W 1-2 :fIn Lbfl~l~ stainless steel 
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Mixer MM 400 'i:~tJ1-nA'lI:JJ~ 20 l~J'(Y1i dj'Wl'l~1 1 'W1YlV(~'fl''l'Wn~I~1'eHh.:J'"l:;~:;l~tJ~viln1J''''H)~~ 

b~'Wb'f)'"lln~'l'flth'lJ'1nV~A'i:(Y11:JJA'f)fb6J!I~'JtJ';jfi cetyltrimethyl ammonium bromide (CTAB) 'lJ'fl'l 

Zhou ll~:;A ru:; (1999) 
, " , 

- lYl:JJuhnru~'W~'l'W~ l-a'Wl'flYl ~1 bl'l-1t!'l ITS 'lJ'fl'lJ'I~'ltJuDmtJ1'il:l nL6Ji~'fl~ l:JJ'flflJ''6'1 

L~tJH1~n:JJ'f)f ITS1 iJ~I~UbU'6'1~'fl 5'TCCGTAGGTGAACCTGCGG3' bb~:; ITS4 iJ~I~UlU~~'f) 

5'TCCTCCGCTTATTGATATGC3' (White bb~:;Aru:;, 1990) UDmtJ1'il:ln'i:6Ji~'f)~l:JJ'flfbJ''6'11h~n'f)u~'JtJ 

'6'11J'(;]1'l1 ~HvilUDmtJ1 ~'l(Y11n'l~ 1 

- -Wl'6'11J'~ :;~ltJ.w~'f)lfliJvil n1n~:JJ'l.lhl1ru~b~'Wb'fl~~ILLVlt!'l ITS ~'JmA1'f)'l b~:JJ 

m:JJlru~b~'WL'fl (Authorized thermal cycler) 'i:~tJiJ'6'1Jll'J:;'lJ'fl'ln1J'vilUDmtJ1~n 'i:6Ji~'fl~b:JJ'f)fbJ''6'1I?i''l~ 
"" Initial denaturation 94 'fl'lP\1 b6J!~ b6J!tJ'6'1 5 'W1Yl 

"" "" Denaturation 94 'fl'lP\1 b6J!~L6J!tJ'iIl 1 'Wl'Yl 

"" "" Annealing 51 'fl'lP\lb6J!m6J!tJ'iIl 1'Wl'Yl } 38,flU 

"" "" Extension 72 'fl'lP\lb6J!~b6J!tJ'6'1 1'Wl'Yl 

Final extension 72 'fl'lP\lb6J!~b~m~ 5'W1Yl 

Hold 4 'fl'lP\IL6J!~ b6J!tJ'6'1 "" 

DW 

10XLA PCR ™ Buffer 1x 

(Mg2+free) 

25 mM MgCI2 2.5 mM 

dNTP 2.5 mM 

Primer ITS1 

Primer ITS4 

BSA 0.4 mg/ml 

TaKaRa LA Taq 
TM 

5 units/J.l1 

-- .Template 

15.5 

5 

5 

8 

2.5 

2.5 

0.5 

Total 50 

http:units/J.l1
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- [Pl~,)'"lM)Ue.J'i'1 mn~:wtfhnru~ L-S'WLTl~ v11LL'tni~ ITS If?ltJ';jfi~L~ nl[Pl~l m~~u'WTl~m 

l~~L'"l'i'1 1.5 LUTlfLsD'W[;l ~L~:W SYBR Green m:Wl[Pl~ 1 1:WlA)'~[Pl~~TlTl~ml~~L'"l'i'1 10~'i'1~~[Pl~ b'W 
., 

~1~'i'1~'i'11tJ 1XTBE If?ltJ1o]'m~LL~1~.w1 120 l,)'i'1~ L1J'Wb'J'i'11 90 'W1Vl LL'i'1~H~'W~,)'W~L~'WLTl:Wl[Pl~~I'W... ., , ., 
'll'Wlf?l100 bp + 1.5 Kb DNA ladder [Pl~,)'"l~TlU'll'Wlf?l~'W~,)'W'llTl~~d)'WbTlVlLilf?l~'WJllt1b~bb~~ 

re)'i'1 [Pln 1') lTlb'i'1 [Pl If?ltJbo]'LA~Tl~nl boWf?l bb~~re)'i'1 [Pl),11') lTl b'i'1 [Pl (UV-Transilluminator) LL'i'1 ~U'W-Yi nJlI'WIf?ltlbo]' 

n~Tl~ r11mU L'"l'i'1 (Gel-Doc) -WI r;T'Jm.h~~Yh mn~:wm:Wl ru~ L-S'WLTl~1 b~'"l bL~,)1udiuH~Tl ruVlJlij -20 
'IJ , 'IJ ., 

Tl~~IL"1l'i'1 L~tJ~ '"l'Wn~I'"l~-Wl:WlH~m~nb'W-n'W[PlTl'W~Tl1u 

~~e.J~[PlJlru"Vl~1~'"l1 n nln ~:wm:Wl ru~'W~,)'W~ L-S'WLTl~ v11 LLVl'ti~ ITS ~~1'Wm J' 

[PlJ'')'"l~TlU LL'i'1:;b~e.J'i'1~if?l L'"l'W1u';j LAJ'I~,x~u1';'Vl Macrogen ru ~ID1J'ruf~LnI'VI~ ~'JtI LA~Tl~';j LAJ'I:;,x... 
~1~ULU~ t'W Biosystems 3730XL sequencers 

- -Wl~I~ULU~~v11LLVlU~ ITS 'llTl~n~LLtln1~ :W1LmtlULVltJUA'Jl:WLVlijTl'WbL'i'1~ml:W 

A~It1A~~'llTl~~I~ULu~nU~I'WojfTl:W'i'1b'W GenBank ~')t1lUnLnn.l Blastn (www.ddbj.nig.ac .jp/) 
... 'IJ 

., 
2.3.3 VII LUTlfLsD'W[1]n1~~ f?l L~Tl'llTl~J'1 bTl Al[Pl1:w ATlfl~"llI'llTl~J'1 nn~11:wm:wntl~I'W'llTl~ Nara 

., ., ., 
bb'i'1~Arw~ (2003) If?ltJ!7Tf?lnnTlTlmLl'W~'WL~n11~~A,)I:wtl1'J~'W'i'1~ 1 L"1l'W~b:W[Pl~ ~1'W,)'W 300 ~'W~Tl 1 

41 Lb~'J-Wl:Wl'Jl~u'WbL~'Wn1f?l"lJ'Wlf?l[Plln~ 1x1 mJ'1~ b"ll'W~ b:W [Pl~ bb~'J~:w'l!un n b~Tl~I'W'J rwVll, 

bUTlfbsD'Wtvlm~~ f?lb~Tl~1 bTl Al[Pl1:w ATlft~"1l1 
2.4 U'i~ L:i1U ~~ 'i'll LL'IJ'IJ"lJ 'fl-:l';'J L:X'fl LiUi.tJ'il b'fl flLIP1L).J ~'fli'1.'i'll1 L~~ b~l~ 1Pi'fl nl'i n'a~ IPlU.~ 

nl'ib~'IJL~"lJ'fl·m;ILartJl-:1Ul 

- ~1m J'1'f?l A'Jl:W~~'llTl~~1 ~'W~~ bL~ ATl n n'"l'W~~U'i'11t1~1~'WIf?ltJb-n:wUJ'J'~f?l LL'i'1:;1'f?l 
'U 

- Vll:W,)'i'1~,)Jll'W'llTl~~,)'W~I~'WLL'i'1~J'1 n If?ltl-Wl1UTl1J LL 't-1~~TlruVlJl~ 70 Tl~~IL"ll'i'1 L~t1~ , '" 

LlJ'WL')'i'11 72 i'Jl:W~ i~Vll~IV1'l!mb't-1~ 

One-way ANOVA LL'i'1~ Duncan's Multiple Range Test 

.- . 


http:www.ddbj.nig.ac.jp
http:If?ltJ1o]'m~LL~1~.w1
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13-1 Fl'flfl~'1I1"l.1'fl~ n';11artll~'W1 


'"11 n n1n.h~bi1'W(:.J~'i'jfinl~1'ti~'.l b~'El b~'Wlt.Jnb'ElFlt1?l1~ ~'Elf1.~"ll1 b~ (?) b(:.J1:;~ltJ~ rmvr'Wfi KANI16 4. 

i1~~~ I?l~ b~'Wlt.J b'"1~ru1'Wf~(?)(:.J~~ b'.l'Elfi1 ~1~vlbb~~Yl'Vl~'El1l bb~:;b~'W1t.J b'~1rul'Wf~ (?)(:.J~~"lIt.J~:;~~I'.l bb~:;
<V q cu Q..' q q 

~ ~, 
bbn~tl t(?)t.J(:.J~:W~'.lb~'Elbb~:;f~(?),j~n1'W-erl?ln'ti'.l'W 1:9 1:6 bb~:; 1:3 t(?)t.Jm~ll?l:i' Vi~j;)'Eln1~~(?)b~'f)1:WI"l'f)f. " 
h"llI"l1'f)'l n~11~t.Jl'l'W1 ~U~1 b~'ElI?l~'.l9~'ElU~n'lj'ru:;n m'El~ t1?l1~ ~'f)f1.~"ll11 'W'lI•(?) n1~'Vl(?)~'El'l~iJ n1~1'ti 

'" ~'.l b~'El:i'lb'f)~t1?l1~ ~'f)f1.~"llIL~ (?) b(:.Jl:;~1t.J1l1t.Jvr'Wfi KAN 116 ~un n b'f) ~t1?l1~ ~'f)f1.~"llliJ~n'lj'ru:;n1nbl?l n . 
bb"ll'W'lbb'J'J monopodial pinnate ~bbeJ'Wbb~'WbV1~~b'Iv1~'El'l'El~Jl(;l1~ (KAt\1116) ([I1~~ 8 n) bb~:;L~'f) 
1?l:i''.l9~'f)U'll\j(?)"lI'El'lnm'El~ tI?l1~'Elf1.:i'"ll1 KANI16 t(?)t.Jn1~~I~1 v1UbU~~1711bb~kl'l ITS 1,x(:.J~v1'l bb~(?)'ll'W 

Jll~(:.J'W'.ln n b~'f)bmt.JULVit.JunU~I(?)UbU~~1711bb~kl'l ITS 1'W~i1'W"if'f):W~ GenBank ~U~I~~'Jl~ 
&.9 " 

97 ClustalW 

" 
(www.ddbj.nig .ac.jp/) (?)'llJ 

___________________________________________________________AGCKANI16 

EU718089 T AGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCA TTAGC 

KAN 116 GAATTCTGAGGCGGGAGAGCGCAAGGGGGTTCTAGCATTTCGGAA TGCTGTCGCTGGCCT 

EU718089 GAATTCTGAGGCGGGAGAGCGCAAGGGGGTTCTAGCATTTCGGAGTGCTGTCGCTGGCCT 

KAN 116 TTCGGGGCATGTGCCCGTCnCCGAGTGTCTGCCTTCGGACCTCCGAACCCTCTCCTATA 

EU718089 TTCGGGGCATGTGCACGTCnCGGAGTGTCTGCCTTCGGACCTCCGAACCCTCTCCTA T A 

............... _.- ..- ._ ......... __ ... _........ _.......... . 

KAN 116 CCTTCCAAACACACCTGTGTGCACCTGTTGGAGGCCTTGTCT A TTAGGCAGACCTA TGT A 

EU718089 CCTCCCAAACACACCTGTGTGCACCTGTTGT AGGCCTTGTCTA TTAGGCAGACCTATGT A 

KANII6 TTACTTTCA T AAACATCGAA-GTAT AAAAGAA TGTTTGAACACACGAT AT AT ATGAA TAA 

EU718089 TTACTTTCAT AAACATCGCATGT AT AAAAGAA TGTTTGAACACACGAT ATATATGAA T AA -- .........~.~...... ..................................... . 

I\ANI16 AT ATA- CTTTCAGCAATGGATCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAA TTGC 


EU718089 AT AT AACTTTCAGCAA TGGA TCTCTTGGCTCTCGCATCGATGAAGAACGCAGCGAA TTGC 


........................................... _._----_ ....... 


www.ddbj.nig
http:Jll~(:.J'W'.ln
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KANII6 GATAAGTAATGGGAATTGCAGA TTTTCCGTGAA TCA-CGAATCTTTGAACGCACCTTGCG 

EU718089 GATAAGTAATGTGAATTGCAGA TTTTCCGTGAATCATCGAA TCTTTGAACGC ACCTTGCG 

KAN 116 CTCCTTGGT A TTCCGAGGAGCATGCCTGTTTGAGTGTCATCGAAATCTCAAAA TCCT AGC 

EU718089 CTCCTTGGT A TTCCGAGGAGCATGCCTGTTTGAGTGTCATCGAAATCTCAAAA TCCT AGC 

KANI16 TTTGCCTTGTCGGAACTTGGTTTTTGGACTTTGGGAGTTTGCGGGCGACCCCTTTGCTTT 

EU718089 TTTGCCTTGTCGGAGCTTGGTTTTTGGACTTTGGGAGTTTGCGGGCGACCCCTTTGCTTT 

KANI16 GGGAAGTCGGCTCTCCTTAAATTGATTAGCAGTGGGTGCAAGTCCTTTGCATGGCACGGC 

EU718089 GGGATGTCGGCTCTCCTTAAATGT A TTAGCAGTGGGTGCAAGTCCTTTGCATGGCACGGC 

KAN 116 CTGTTCGACGTCGTAGTGATCGTCGCGGGCTGGAAGGGCTTGGATTGACA TGTCTCA TGC 

EU718089 CTGTTCGACGTCGT AGTGA TCGTCGCGGGCTGGAAGTGCTTGGA TTGACA TGTCTCA TGC 

KANI16 TTCCAACTTTTACATGCGCCAAGTITAGTCT AGGCT ACTCT AGCGTGTGTCCTITTCTCT 

EU718089 TTCCAACTTTTACATGCGCCAAGTTT AGTCT AGGCTACTCTAGCGTGTGTCCTITTCTCT 

KAN 116 AAGGCTTGACCTCAAATCAGGTAGGACTACCCGCTGAA-----------------------------

EU718089 AAGGCTTGACCTCAAATCAGGTAGGACTACCCGCTGAACTTAAGCATATCAAT A 

~ ~, 
91 n nI~vnfh'W'J illVllltJ'tlfl~'W(;]nl~~(91 b~'tlh.jrl'tlfl~"1!I'tflJ~11'W"ll (91 nI~'Yl (91'tl'tl'I'Vl1~,J'J l~'tl b~'W, 

1tJ~lb'tlrl'l1?]1~ rl'tlfl~"1!lb~ (?Ib~I:-;~ ItJ1;'lIt1~'Wfi, KAN 116 1 'IX~'tl nI~Vl (91'tl'tl'l bbMl'l t?l'lI?]I~I'l~ 2 ~1V1fU"ll, (?I 
I ... '" I '" 

n1~Vl (91'tl'tl'lVlhi'lrJi1.~,J'J l~'tl hl~unI~~ (91 b~'tll~rl'tlfl~'ll1 b;J'tl bmtlU bVltlU btJ'tlfb~'W(;]n1~~(91 b~'tll~ rl'tlf 
, ., 

h'llI"IJ'tl'l"ll, (91 n1 ~'Yl (?I'tl'tl'lVl1~,J'J L~'tl n L'tl fl 'l1?]1~ rl'tl fl~'ll1 b~ (91 L~.J1:-; ~ ItJ1;'lIt1~'Wfi,KANI16 LLUU L~'W1tJ 
~ 

LL"IJ'J'W'tl'tltJill~lill 5 10 LLfl:-; 20 iJfl~~I?]~ ~U~ILtJ1Jfb~'WI;lnl~~(?Ib~'tl1~fl'tlfl~"1!11iliJrl'JI~Lbl?]nl9l1'ln'W 

'Yl1'l1;'ltl~ "ll (91n1~Vl(91'tl'tl'l~1~,J'J l~'tlbbUU b~'W1tJ~v'h1'lXmJ1'Wbii (91LLr1'tl b~tI~tl'tl~ L'W~m~lill 5 10 Lb'tl:-; 20 , '" , ~ 

iJ'tl~~I?]~ ~U~I"ll VI nI~Vl VI'tl'tl'lVl1~m~1 ill 1 0 iJ'tl~~j;l~iJ LtJ'tlflO] 'W(;]nlj'~VI b~'tll~ r1'tlfl~'llI1;'l'l n~l"ll (91, '" , 

nI~Vl Vlfl'tl'l~1~m~1 ill 5 iJ fl~~ 1?]~'tlth'lijt!tJ~lfiruVl 1'1 1;'l tl~ LLl1ililij r1'JI~ ll~n~h'l n'WVlI'l1;'l tl~nU"ll, VI 
, 

~ 

, .. 
n1~Vl(91'tl'tl'lVl1~m~lill 20 iJfl~~ ~~ "llVlnl~'Yl Vlfl'tl'lVl1~,J'J L~'tl L~'W1m91-ru1'W~1;'l (91 ~1;'lm,)'tlfiJ r11'tlvlLb'tl:-;

-" .. q Go' q 'll __ • 

~Vl~'tl1;'lnu1'1;'l(91tJ'tln1'Wtl~n~'J'W 1:9 1:6 bL'tl:-;1:3 'lVltlm~l~~ ~U~1"llVlnl~Vl(?l'tl'tl'l~1~'el~n~')'W 1 :6 , '" ,., ,. 
ihtJ'tlfLsTI'W(;]n1~~(?I L~'tll~ r1'tl fl~'lll1;'l'l n~l"ll (91 n l~Vl VI'tl'tl'lV11~tl~J'1 ~TW 1:9 'tlt.h'lij,rtl~1 firlJVll'l1;'l tl ~ 

'" q ~ 
, , ., 

Lbl1il:!Jijrl'JlmLI?] n t?il'l n'W'Yll'l ~ tl ~ rlU"ll 
, 
VlnlJ'Vl (91'tl'tl'lVl1~'elVl~1~'J'W 1:3 "ll 

q 
~ nlJ'Vl (91'tl'tl'lVl1~,J'J L~'tl L~'W1t1 
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" r.nn mnJ:i':::; biJ'Wf.J~J't1 bbUU<JJ!l.:J,x') b~!l b~'W1m1 b!lrl1(;lhm!lfb"1l1l~(;He.J1:::;VI'tJ~~1t1-w'Wfi TAK8'" , 

iJ~~~(;lJ' b~'W1t1 b'"l1ru1'Wr)~ (7\f.J~l-J b,)!lfiJrll~vlbb~::;Yl'Yll-J!l~ bb~:::;b~'W1m91ru1'Wr)~ (7\ f.J~l-J<JJtll-J:::;Yl¥1'd bb~:::;
'U 'I 

bbn~U 1(7\tlf.J~l-J,r,)b~!lbl~:::;r)~(7\t1'i'ln1'W'el(;lJ'1~,)'W 1:9 1:6 U~::; 1:3 1(7\tlml-J1(;lJ'Vl:W!?l!lmJ'~(7\l~!l1l-Jrl!lf-

cw q GI q 

" ", 

, " 

QI Q~~ a Q.d:I " " 
bb<JJ'W~bb1JU monopodial pinnate l-Jbbf.J'Wbbl-J'Wb'Yl'i'l~bVl'i'l!l~!ll-J'W1(;l1~ (TAK8) (1l1Yl'Vl 8 <JJ) bb~:::;bl-J!l 

(;lJ''d9~!lU"llU(7\<JJ!l~J'1m!lrl1 (;llmlflJ'"1l1 TAK8 t(7\tlmJ''\.11~1 ~Ubu~~~rl bbVloJ.:J ITS 1,xe-J~ ~~ bb~ (7\~1'W 

1l1rlf.J'W'dn n b~!lbllitlUbVltlUnU~1~UbU~~~1bbVloJ~ ITS 1'W~1'W']!ll-J~ GenBank YlU~1:Wrl,)1l-J... .. 

99 ClustalW 

" (www.ddbj.nig.ac.jpl) ~~U 

TAK8 ATTACCGAATCGTGCAAGGAGCGTAAGACGGTCGGAGGAGGAACCTCGGGGGGGTGTCT 

AJ629879 ATTACCGAA TCGTGCAAGGAGCGTAAGACGGTCGGAGGAGGAACCTCGGGGGGGTGTCT 

T AK8 AGT AGT A TTTCGGAGTTGCTGGTCGCTGGCCTTTCGGCCATGTGCACGTCTCCGGAGTCC 

AJ629879 AGT AGTA TTTCGGAGT -GCTG - TCGCTGGCCTTTCGGCAATGTGCACGTCTCCGGAGTCC 

TAK8 GATGGGGTGTGTATACACCCAACCCCCCCTCGGCCTCGGTCTCCTTCGGAACCTCTGAAG 

AJ629879 GA TGGGGTGTGTA T ACACCCAACCCCCCCTCGGCCTCGGTCTCCTTCCGAACCTCTGAAG 

TAK8 CTCCTGTACCTCTCTAACACCATTGTGCACCTTGTTGTAGGTCTCGTCGAGGGACCTATG 

AJ629879 CTCCTGT ACCTCTCTAACACCA TTGTGCACCTTGTTGTAGGTCTCGTCGAGGGACCTA TG 

T AK8 T A TTCCTTTTTTTT -A T AAAGCTCTCTGCATGT AT ACAGAACGTTGTCTTTTGACAAACA 

AJ629879 TATTCCTTTTTTTTTATAAAGCTCTCTGCATGTATACAGAACGTTGTCTTTTGACAAACA 

TAK8 TGTCATATAAACATATATATAACTTTCAGCAATGGATCTCTTGGCTCTCGCATCGATGAA 

AJ629879 TGTCAT AT AAACAT AT AT AT AACTTTCAGCAATGGA TCTCTTGGCTCTCGCATCGATGAA 

www.ddbj.nig.ac.jpl
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TAK8 GAACGCAGCGAATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCT 

AJ629879 GAACGCAGCGAATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAATCATCGAATCT 

TAK8 TTGAACGCACCTTGCGCTCCTTGGTA TTCCGAGGAGCATGCCTGTTTGAGTGTCA TCGAA 

AJ629879 TTGAACGCACCTTGCGCTCCTTGGT A TTCCGAGGAGCATGCCTGTTTGAGTGTCA TCGAA 

TAK8 ATCTCAAATCCT AAGCTTTGCTTCGGTCGCCGACTCGGAGCGAGCTCGGACTTGGACTTT 


AJ629879 A TCTCAAA TCCT AAGCTTTGCTTCGGTCGCCGACTCGGAGCGAGCTCGGACTTGGACTTT 


T AK8 GGGAGTCTGCGGGCGACCCGACTTTGCTCGGGACGCCGGCTCTCCTCAAA TGCA TTAGCG 


AJ629879 GGGAGTCTGCGGGCGACCCGACTTTGCTCGGGACGCCGGCTCTCCTCAAA TGCA TTAGCG 


T AK8 GTGGGCTTCGAGCCTTTGCACGGCACGGCCTGTTCGACGTCGT AGTGA TCGTCGCGGGCT 


AJ629879 GTGGGCTTCGAGCCTTTGCACGGCACGGCCTGTTCGACGTCGT AGTGATCGTCGCGGGCT 


T AK8 GGAAGTGCTTGGA TCGACGTGTCTCA TGCTTCCAACCA TGTGCCGCGCCGCGCCGGGGTT 


AJ629879 GGAAGTGCTTGGATCGACGTGTCTCATGCTTCCAACCATGTGCCGCGCCGCGCCGGGGTT 


T AK8 GTT AA TCCCGGGGCCGGAACTCTTCT - -AAGGCGTGACGTCGA-----------

AJ629879 GTT AATCCCGGGGCCGGAACTCTTTTTT AAGGCTTGACCTCAAATCAGGT 

~ ~, 
~~n'l~r)I'W'"J ruVIl btJ'eJfL~'W~n'l:i'~(?)L~'flhJ rl'flfh']jlY1U~11'W"1l (?) n1 ~Yl (?)~'fl'lVl1~i'"J b~'fl L~'W1tJn• 

b'flrlL1?11J.J rl'fl f'l:i'''ll 1 b~(?)b~I::;'l.rW'l~ltJ~'Wfi• TAK8 1'IX ~~ n'l~Yl (?)~'f)'1LL~(?)'1 tK'I1?11n'l~ 3 ~1V1 hJ"1l•(?)n1:i' 

Yl (?)~'f)'1~hJ1~~i'"J b~'fl hiYl'unl:i'~ (?) b~'fl1J.Jrl'flfh"lll Ln'flLmtJU L VltJU LtJ'f)fL-n'W~n1~~(?) b~'fl1J.Jrl'flf'l:i'''ll1 
, " 

"JJ'fl'l"1l(?)n1~Yl(?)~'eJ'IVl1~i'"J b~'flnb'eJrlL1?11~ rl'flfl~']jlL~(?) b~I::;VI'Ir'l~ltJ~'Wfi TAK8 LLUUL~'W1mb"ll'"J'W~'eJtJ 

,~ , 
"1l (?)n'l~Yl (?)~'fl'lVl1~i'"J L~'flLL'U'lJL~'W1tJVl';h1'\X'eJu1'WL:W (?)Lbrl~L~tJJ.Jre)~~ b'Wl?1 mJ.J 1 ru 5 10 Lb~::; 20 n~~~ 1?1:i' 

• 'lJ 

~1~mJ.Jlru 5 bL~::; 20 i1~~~I?1~'fltil'1~t!tJ~lflruYll'l~Ci~ ~'"J'W"1l(?)n1~Yl(?)~'eJ'l~1~m~lru 5 LL~::; 20 
v • 

-- . 
~ , ., 

i1~~~ 17l:i''l!'Whj~ rl'"J1J.JLLl7ln(;11'l n'WYll'l~ Ci~ 1(?)WlJ'Yl (?)~'fl'lVl1~i'"J L~Jl.LI.tJU L~'W1tJ L9~'1!1'Wr)~ ~~~J.J L'"J'flf~ 

f)1~vlLL~::;~Yl~'fl~nur)~(?)tJ~nl'Wre)l?1n~'"J'W 1:9 1:6 LL~::; 1:3 L(7)tJmJ.Jll7l:i' YI'lJ~I"1l(?)nl:i'Yl(?)'(;'l'fl'l~l~
\.I q qJ q 
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"
,
~1~,x,)b~'tlLlUUb~'W1m'"l~rulw~~~~/MJ'lJtJ:W:;'I"l~1,)bb~:;bbn~Unu~~vnJ~nlW'fllYln~')'W 1:9 1:6 Ll~:; 

... q 't q <l.I 

"
, 
1:3 t~mJhJ1lYl~ 'I"lU~1']j~n1~Vl~~'tl'I'Yl1~'ellYln~')'W 1:6 iJbD'tlfb.nl,!I?!n1~~~b~'tlhJA'tlfl~,]1~,.m~1'll~

, 'U , 

n1~'Vl ~~'tl'l~1~'ellYln~')'W 1:9 'tltJ1'1iJ'I!tJ~1 ~ru'Vl1'1~ ?l~bbr?ihJiJ A,)1:lJ bblYln r?i1'1 n'WVl'N~ ?l~nu'll ~ n1~
~ , 

'lI I I i.I 

'W'tln'"l1 niJd:j'tlIYl~,)'"l~'tlu~n~ru:;~1n b'tlAtlYll:WA'tln~']j11'W']j~n1~'Vl ~~'tl'l~iJn1~1~,x') b~'tl~1 
q 

""'" :W~ n~ru:;n1 nblYlnbb'lJ'W'I bbUU monopodial 

" , 
pinnate iJbbeJl,!LL:W'WbVi~~'lJ1,) (ECM) bLr?iiJm:W1run1~~~L~'tl\J'tlmh:;:lJ1ru 3 bD'tlfLol'Wl?! (Jl1'1"lVi 8 A) 

LL~:;L~'tlIYl~,)'"l~'tlU'llU~'lJ'eNnnb'tlAtlYll:W'tlfl~,]1 ECM t~tJn1~Vl1ih I?lULU~~~1LLVlt.i~ ITS I?l'l LL~~~1 'W 

Jl1A~'W')n n LL~,)LmtJuLVitJUnu~1I?lULU~~~1LbVlt.i~ ITS 1Wi1'W.jf'tl:W~ GenBank 'I"lU~1iJA,)1:W
0.9 'IJ 

LVI:W'tl'WnU~1C9lULU~~~1LLVlt.i~ ITS n'J~1L'tlA'i:lYll:WFl'tlfl~6Jl~11'Wn~:lJ Tomente/la sp. (EU819522) LU'W 

95 LU'tlfL~'W1?! 'i:~tJiJ n1~~~ L~tJ~~1 I?lU LU~HmtJULVitJu~')tJ tDmm:w ClustalW (www.ddbj.nig.ac.jp/) 

ECM 1 CTTGGTCATITAGAGGAAGT AAAAGTCGT AACAAGGTTTCCGTAGGTGAACCTGCGGAA 

EU819522 CTTGGTCATTI AGAGGAAGT AAAAGTCGT AACAAGGTITCCGTAGGTGAACCTGCGGAA 

ECM 1 GGA TCA TTACCGAA TTGTCAACACGGGTTGTTGCTGGCCCCCGT AGGGGGGCA TGTGCAC 

EU819522 GGA TCA TTACCGAA TTGTCAACAAGAGTTGTTGCTGGTCCT --CAAA TGGGGGCA TGTGCAC 

ECM1 ACTCTGTTCACACATCCACTCACACC-TGTGCACCCTCTGTAGTTCTGTGGTCTGGGGGG 

EU819522 GCTCTGTICACACATCCACTCACACCCTGTGCACCCTYTGTAGTTCTATGGTCAGGGGG

ECM3 CCCTGTCCTCCTGCTGTGGT-CTGCATCTTI ACACACACACACTGT AACAAAGTCT AA TG 

EU819522 - CCTGTCCTCCTGCTGTGGTTCTGCATCTTI ACACACACA-- CTGTAACAAAGTCTCATG 

ECM1 GAA TGCA TGTCGCGTTT AACGCAA T ACAA T ACAACTTICAGCAACGGATCTCTTGGCTCT 

EU819522 GAA TGCATGTCGCGTTT AACGCAATACAAT ACAACTTICAGCAACGGATCTCTTGGCTCT 

ECM1 CGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAA 

EU819522 CGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATIGCAGAATTCAGTGAA 
..- . .... . 

ECM1 TCATCGAA TCTTTGAACGCACCDGCGCCCTTTGGCTA TTCCGGAGGGCATGCCTGTTIG 

EU819522 TCATCGAATCTTTGAACGCACCTTGCGCCCTTTGGCTA TTCCGGAGGGCATGCCTGTTIG 

http:www.ddbj.nig.ac.jp
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ECM 1 AGT ATCATGAACACCTCAACTC-TTGTGGTTTTCCATGATGT ATGCTTGGACTTTGGGGG 

EU819522 AGTATCATGAACACCTCAACTCA TTGTGGTTTTCCATGATGT A-GCTTGGACTTTGGGGG 

ECM 1 TCTTGCTGGC-T ACAGTCGGCTCCTCTCAAATGAA TCAGCTT ACCGGTGTTTGGTGGGT A 

EU819522 TTTTGCTGGCCT ACAGTCGGCTCCTCT AAAAT AAATCAGCTT ACCGGTGTTTGGTGGGT A 

ECM 1 TCATGGGTGTGAT AACT A TCT ACGCTTGTGGATTT -CCACCAGGT AACCTTCATCAA TGG 

EU819522 TCATGGGTGTGATAACTATCTACGCTTATGGTTTTTCCACCAGGTAACCTTCATCAGTGG 

ECM1 AGGTTCACTGGAGCTCATA 

EU819522 AGGTTCACYGGAAATCATA 

~ ~ , 
1'Un1:i''Vl!?l~'fl~,",f~u''tl1J!?I'fl n b ~t?1 be-J'l:;'VIi!~1'U"ll!?l n'l:i''Vl!?l~'t}~Vl1~~\~'U1rJ:i''lb'fl,", t!?l1~ ,",'flfl:i'"ll'lb~!?I, 

1:6 b!?lrJm~'l!?l:i' (;)~I1'l"tl~ 7 im~ru~!?I'flm~t?1iJ"1I'U'l!?lb~n bb!?lmiJ'Ubb'tln 5 bb'tln bn'fl~lbb'Un"lltl!?lb!?lrJ 

'fl'l~r.JinMru:;irufJl'U':j'VlrJ'l"1l't}~!?I'flm~!?I !?ll~:i'Ir.J~'l'U"1I'fl~ Phosri bb~::,",ru~ (2004, 2007) "tl1J~'lii 
dJl 

... %. .. .J''''?,I a ... 
~ nMru::"C; ru31'U'J'VlrJ'lb'U'fl~!?l'UblJ'Ub 'VI t?1b~I:;'VI'U~ (A. odoratus) 

111~v1 7 !?I'flm~rtlbe.J'l~'VIi!~ (A. odoratus) ~"tl'U1'U1!?1n'l:i''Vl!?l~'fl~~1~\~'U1mlb'fl'"' b!?l1~'"''t}fl:i'"J!lb~!?I 

b~l~'VIi!.:I~ltJ~'Ufi TAK8 bL'U'U b~'Ubr.J b'"l1ru1'U1'~!?I e.J~~"1I rJ ~~"tl'fI'J bb~:;bbn~1Jn'J1'~!?I,j~n1'U'fl!?l:i'I~,)'U
q 01 q q q qJ 

1:6 b!?lr.Jm~l!?l:i' 
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fl. ECM 2.omm 

Jl1~Vl8 im~tnJ::;~1m!lflLIJl1~fl'flft~"l!1 (n) ~1m!lflLIJl1~fl!lft~"l!1 KANII6 ("lJ) ~1m!lfltIJl1~fl!lft~"ll1 

TAK8 (rol) ~1m!lroltIJl1~rol!lft~"ll1 ECM 
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,r';H;ff~ltJbbtJtJIPh~ "1 tJ ~ a ~ .,. b;ff.b ~"ab'1l'W lPl n1"alPllPl b 'fI 

hJlOI~i'l:a'1l1 b~ lPl bt:J1:; ~1~ 

tJ .. a.. .,. b;ff~b 'fI"ab'1l'WlPln1"alPllPlb 'fI 

b3J A~ft"a'1l1'1fi.ilPl~'W 

C Og 0 

MS-5 37.98ef 1.44 

MS-10 37.32ef 3.89 

MS-20 34.02f 3.11 

AE-5 56.64cd 0 

AE-10 72.OOab 0 

AE-20 57.36cd 0 

VM+PM-1 :9 49.32de 3.67 

VM+PM-1 :6 76.02ab 3.33 

VM+PM-1 :3 64 .02bc 3.00 

RH+CO-1 :9 57 .32cd 0 

RH+CO-1 :6 80.64a 0 

RH+CD-1 :3 74.64ab 0 

bmtJUbYltJUW,l1:W bblPln ~h.:J"lJll'l r11 b'U~tJ 1Pl1:W'eln'l!l'~1"hlbb"hl"J ~'l rllL'U~tJ~iJ'eln'l!l'~rilnU~I"hl-nl'1~''I n"hl 

bb'MN'iliJrl"Jl:WbblPln~1'1n"hl'e)th'liJ~tJ~Ir)b!,!'VlI'l~1l~ (P ~ 0.05) 

-- . -- . 



25 

tr'J b:ff'fllthb'U'U 
. 
~1-!11 

bU'fl{b.n'U!Pi'nl';1~ vH:ff'fl 

1:1-.1 rl'flfl';l'1l1b~ v1b(:.Jl~'\..nr-!l 

1..1 .. c;i.. "" ,:ff.b 'fl';lb'1l'U~nl';1~H?lb 'fl 

1:1-.1 rl'flfl';I'1l1"llU Vl~ 'U 

C Of 0 

MS-5 32 .64e 3.44 

MS-10 31.98e 3.22 

MS-20 35.34e 2.89 

AE-5 65.34cd 0 

AE-10 85.32a 0 

AE-20 64.68cd 0 

VM+PM-1 :9 54 .00d 3.22 

VM+PM-1 :6 72.00bc 3.56 

VM+PM-1 :3 66.66cd 3.22 

RH+CO-1 :9 60.66cd 0 

RH+CO-1 :6 88.68a 0 

RH+CO-1 :3 81.36ab 0 

I 'V I I 

LmtJu LVl tJUrl'Jll-J LL!?l n rPll'1"]J'El'l '"'1 Lru~tJ !?l1l-J'fln~:i'1'WLL'W'J I'l'l '"'1 Lru~tJV15:J'fln~:i'fll nU(1lJ'W"lIl'1 rPll'l n'W 

LL~(;1'1~I5:J,""n~LL!?lnrPll'ln'W'flth'l5:Jum~IAC1J'Vll'l~Cl~ (P :::; 0.05) 

I

rann n1nh::;d~'Wt-l'Cl:i'tJ LLUU"]J'El'l,r'J L~'ElL~'W1ml L'elrlt!?l1~ fl'elfl:i'6Jll L '\.1(;1 L!:-Jl::;~ltJ~ltJ~'WfiKAN 116 
'\J q 



26 

b~'l~~ltJ'i'l'ltJ~'Wf KANI16 ~'\JbbUU!7h~1 nU1~~'dufJ~~1:wHil~~'db~'el ~U~'l ~'d'l~~'~'1J'el'l1~nJ~ 
'Vl ~~'el'l~1~~'d b~'elbbUU b~'W1m'"l1ru1'WrJ'i'l ~ ~'i'l~'1JtJ~:::~h'd bb~ :::bbn'i:lU nUrJ'i'l ~'\J'i:l n 1 'W'El!7ln~'d'W 1:3 b~tJ 

01 q q q cu 
, , >

m~'l!7l~ :W ~'d'l~'i'l'l~'lnn~'l'll(?)~'dU~~'eltJ'l'l:w't!tJ~'lAru'Vl'l'l'i'll;i ~ b~tJVln~'ll~:w~'d'l~'i'l'l b~~~'W 21.54
III q q 01 qJ 

b'\J'elfbsTI'W[?] b~'elbmtJUbVlmJ'll~nJ~'Vl~~'el'lbbUUb~'W1mb'1J'd'W~'eltJm~'lru 5 10 bb'i:l::: 20 ij'i:l~~!7l~ ~'lJ~'l 
q 

m~'lru 20 ij~~~!7l~'i'l'ln~'l'll~nJ~'Vl~~'el'lvi1~m~'lru 5 bb~:::1 0 ij'i:l~~!7l~'eltJ'l'l:w't!tJ~'lAru'Vl'l'l'i'll;i~ 'll~ 
qJ q QI q 

, .. 
n'l~'Vl ~'i:l'el'lVl1~~'d b~'el bb'lJ'lJ b~'W1tJ b'"l1'1d1'WrJ'i'l (;J~'i'l~ b'd'elfij ~l~vlbb'i:l~~'Vl~'el'i'ln'lJrJ'i'l (;J'\J~ n 1 'W'El!7l~'l~'d'W1 :9 

1:6 bb'i:l::: 1:3 b~tJm~'l!7l~ ~U~'l~'d'l~~'l1'Wbb!?l~:::1~nJ~'Vl~~'el'l1:w:wm'l~bb!7ln!?l'l'ln'W'Vl'l'l'i'll;i~ 1~nJ~ 
, >

'Vl ~~'el'lVl1~~'d b~'el bbU'lJ b~'W1m'"l1ru1 'WrJ'i'l (?) ~'i'l~'1JtJ~:::~¥'l'd bb~::: bbn ~U n'lJrJ'i'l ~'\J~ n 1 'W'El!7l~'l~'d'W 1:9 1:6 
C1I q q q 'U 

I I I 'V 

biJ!l bmtJ'lJ b VltJU'1J'W 'l ~ b~'WrJ'l'Wf1'Wtln~'l'l~'l ~'WVl~~~U ~'el~'l n'1J!l'l'll (?) nJ~'Vl ~'i:l!l'lVl1~~'d b~'eln 
~ q 

, .. 
b'el~b!711~ ~'elfl~"Jl'l bij ~ b~'l:::~'ltJ'i'l'ltJ~'Wf KAI\J116 ~UbbUU ~'l'l1 n'lJ1 ~m'lJfJ~Vl1:wl~~~'db:n'el~U~'l 

, .. 
'1J'W'l ~ b~'W~'l'Wf1'WtJn'i:l'l'l ~'l ~'W'1J'el'l'll (?) nJ ~'Vl ~ ~'el'lVl1~~'d b~'el bb 'lJ'lJ b~'W1tJ b'"l1ru1'WrJ'i'l ~ e.J'i'l~'1JtJ~:::~ ¥'l'd 

'lI q Q..I q q 

, , >

~'d'lJfJ~'eltJ'l~:w't!tJii'l A'1d'Vl'l'l'i'l {;l~ b~tJVln~rll~:w'1J'W'l ~b~'WrJ'l'W~'WtJn ~'l~ b~~~'W 17.86 b'\J'elfb-n'W[?] ~'d'W 

1(?)n1~'Vl ~~'el~~'W11:w:w ~'d'l~ bb!7l n!?l'l~'Vl'l'l'i'l{;l~n'lJ1~~'dU fJ~ 

b~'el bmtJU b VltJU~'d'i:l~'dfl'l~ ~'d'WbVli'l'el ~'W ~'d ~~'dfl'l~~ 'd'W1~~'Wbb~ :::~'d ~~'dfl'l~ ~'d:l-1'1J'el~1 ~ 

nJ~'Vl ~'i:l'el~~1~~'d b~'el b~'W1m'l b'el~ b!7l1~ ~'elfl~"Jl'l bii ~b~'l:::~'ltJ'i'l'ltJ~'Wf KAN 116 ~'\Jbb'lJ'lJ !?l'l~1 n'lJ1 ~ 

A'dUA~~l:wlrJ\l~~'d b~'el ~u~'l1:w:w A'd'l~ bb!7ln ~'l~n'W'Vl'l~'i'll;i~
q 

-- . 




27 

('1l~ . ) 

C 28.83bed 

MS-S 2S.S8de 

MS-10 24.41 de 

MS-20 22.90e 

AE-S 23.4Se 

AE-10 27.88ede 

AE-20 33.29ab 

VM+PM-1:9 28.91 bed 

VM+PM-1 :6 31.02abe 

VM+PM-1 :3 32.1 3abe 

RH+CO-1:9 32 .04abe 

RH+CO-1:6 30.93abe 

RH+CO-1 :3 3S.04a 

~1~~1nl~ ~1~~1nl~ 

'&'i1'U b'j..l!'W'el ~hJ '&'i 1'U"l~~'U 

(~~.) 

4.87be 1.93abe 0.6Sabed 

4.S6e 1.S1 d 0.S3bed 

4.Sge 1.49d 0.48ed 

4.88be 1.46d 0.4ged 

4.91 be 1.49d 0.43d 

4.63e 1.78bed 0.S3bcd 

4.97be 2.13ab 0.67abe 

4.88be 1.68ed 0.S6bed 

S.02abe 1.96abe 0.7 4ab 

S.24abe 2.0Sabe 0.66abe 

S.58ab 2.03abe 0.73ab 

S.27abe 2.03abe 0.74ab 

S.74a 2.27a 0.84a 

~1~~1nl~ 

'i1~(nf~) 

2.S8abc 

2.04ed 

1.96d 

1.9Sd 

1.92d 

2.31 bed 

2.80ab 

2.24bed 

2.70ab 

2.71 ab 

2.76ab 

2.77ab 

3.11 a 

) "I I 

bmtJU bYitJU A,)13-Jbb{;ln t;l1'1'1l!l'l ~1b'U~tJ (;l13-Jrgn~J'hm'U') I?l'l ~1l'U~tJVliJrgn~J'ihnuJlT\.J-n1'1 

t;ll-:Jn'U LL~v)-:J~1iJA,)13-Jll{;lnt;l1-:Jn'U!ltJ1-:JiJ,rtJ~1&"l'1!'Vl1'1~n~ (P :::; O.OS) 

..- . 
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.. 

..\ _F.!'" ... 'i' ..., ~..., ..: dI../'I , <v J 'i' ~ '!:'1 '" 
Jl1'Vi'VI 9 bU:i'tJ'lJb'VltJ'l.Jn1:i'b(;]'lJ ~!n'll'fl-:Jn~n bl-Jm-:J'W1bl-J'fl'fl1~ 8 bi?1'fl'W'Vl ~~'Vt'Jb"ll'flnb'flr1~!n ~l-Jr1'fln:i'"Jj1bVl(9) 

b~1:;'eJ1tJ~ltJvr'W~ KAN 116ltlbb'lJ'lJ(Jh~1 
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" 
"'llnn1~U~:::bn'We.J't1~UbbiJiJ"lJ'el'l~'J b~'el b~'Wltln b'el ~b(?l1~fl'elfl~,]1 b~VI be.J1:::~,J'I~ltl"v~\,lif TAK8 
~ . 

be.J1:::VI,J'I~ltlvr'Wf TAK8 ~ULLiJiJ[?]1'11 niJ1V1miJfOJl-J~1lJ1Jl1~~'JL~'el ~iJ';h m1l-J~'1"lJ'el'l1V1m~ 
, 0

'Yl VI't1'el'l Y11~~'J L~'el LL iJiJ L~'Wltl L "'l1ru 1 'W.r~ VI e.J ~ l-J L 'J'elfn fl1.'t1vlLL't1 :::~'Yll-J'fl ~ rliJ.r~ VlU 't1 n 1 'Wrel(?l nrl'.l 'W 1:9 
1).1 II IlJ q cu 

1:9 1:6 LL't1:::1:3 bVltlml-J1(?l~ ~~'.l1l-J);'l'll-J1nn~1'l!Vlfl'.liJ~l-J'eltJ1'1~,Jm~1r1ru'Yl1'1~()~ bVltl'l!Vlm~ 
cu ~ q 1).1 " 

'Yl VI't1'fl'l~1~~'.l b~'el LLiJ1J L~'Wltl L"'l1ru 1 'W.r);'l VI e.J~ l-J"lJ tll-J :::'V'Ih'J bL't1 ::;Lbn't1iJ rliJ.r);'l VlU't1 n 1 'Wrell9l n~'J'W 1:3 bVltl 
Q.I q q " qJ 

,0- , 

ml-J1(?l~ ii~'J1l-J);'l'lL~l-J~'Wl-J1nY1~VlA'el 44 LU'flfL-n'W~ 
~ . 

L'el ~b(?l1.l-Jfl'flfl~,]l Lt1V1Le.J1::;VI,J'I~ltl~'Wf TAK8 ~thLiJiJ[?]1'11 rliJ1V1~'JiJfOJl-J~1.lJ1.~~~'d L~'fl'V'liJ~1'n'W1V1 
L~'W~1 'Wf\ 'WtJn 't11'1 ~1 ~ 'W"lJ 'el'l'l! VI n 1 ~'Yl VI 't1'fl'l ~1~~'d L~'el LL iJiJ L~ 'W1tJ L "'l1 ru 1 'W.r);'l VI e.J);'l6.J "lJ tJ6.J::;~ ~1 '.1 LL't1::: cu q QI q II 

, , " 
Llj'el LmtliJ LVl tJiJ l-J 'd 't1:n'J J) 1'V'1 ~ 'J'WL~ i1'e:J ~'W "lJ'fl'l'l! VI n1 ~'Vl VI 't1 'el'lY11~~'d L~m1 L 'fl ~b(?l1l-J ~'flfl~']1 L ~ VI Le.J1::;• 

, " 
~,J'l~ltJvr'Wf TAK8 ~thLiJiJ[?]1'11 rliJ1 Vlfl'J1JfOJl-JV11lJhii.~~'.l L~'fl 'V'IiJ~16.J'J't1:n'JJ)1'V'1~'d'Wmi1'fl~'W"lJ'el'l1 VI 

, " 
n1 ~'Vl VI 't1 'fl'lVl1~~'d b~ 'el Lb1J U L~ 'W1tl L "'l1ru 1 'W.r~ VI e.J);'ll-J L'd'fl fn ~1rrvlLL't1:::~'Yll-J'fl);'l nu.r);'l VlU't1 n 1 'Wrell9l n ~ 'J'W

IV q IlJ q III 

, 0

1:3 bVltJml-J1m bL't1:::'l! VIm ~'YlVl't1'el'lY11~~'.l L~'flLLiJiJL~'Wlm"'l1ru1'W.r~Vle.J);'l6J"lJtJ6J::;'V'I h'dLL't1::;bLn't1iJrliJ
II G.' q q 

L~ 'el LmtliJ LY1 tJiJ6.J 'd't1~'.lJ)1 ~ ~'.l'W1~~'W"lJ'fl'l'l!•VI m~'Yl VI fl'fl'l~1~~'d L~'fln L'e:J ~bl9l1.6.J ~'flfl~,]l Lii VI 
, 0

be.J1:::~,J'l~ltJvr'Wf TAK8 ~tlLLiJu!'h'11 rliJ1V1 ~'JufOJJ.JVl1lJ1~~~'J L~'fl 'V'IUt)1l-J'J~:n'JJ)1'V'1~'h'W1~~'lJ"lJ'fl'1 
, " 

1 VI m~'Vl VI't1'fl'lYi1~~'d b~'fl LLiJiJ L~'lJltl L"'l1r}J1'lJ.r~ "l e.J ~l-J L'J'e:Jm ~hvlbL't1 :::~'Yll-J'fl);'l rlU));'l "lu~ n 1 'lJrell9l~1 ~'.l'W 

1:3 LL't1::;'l! VI n1~'Vl VI't1'el'1~1~ ~'d L~'elLLiJiJ L~tEJ L"'l1ru 1 'lJ.r~ VI e.J ~l-J"lJ tJl-J:::'V'I h'd LL't1:::LLn't1iJrliJ.r);'l VlUrl n 1 'lJ 
q Cl.I II q q '\J 

, " 

VI,J'l ~1tJvr'lJf TAK8 ~u LL iJiJ [?]1 '11 rliJ"q VI ~'JiJ fOJ l-JVl1lJ1Ji1.~if'J L~'fl YliJ~1l-J'.l 't1:n'JJ) 1'V'1~'J :IJ'lI'e:J'I1 VI n1 ~ 
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VlVlr1'el'l~1'£'l~'J l~mlUU l~'kl1tJ l"l~ru1W1~ Vl r-J~~ l 'J'elfi1 A 1.'Cl'Y1llr1::;YiVl~'el~ nUrJ~ VlUr1 n 1 'klt1[9lJ'1'£'l'J'kl 1:3 
GJ' q \J q 'U 

, " 
tVltJm~1 [9l~ LL'Cl::;'ll Vl n1~Vl Vlr1'el'lVi1~~') L~'fl LLUUL~'kl1tJ L"l~ru1'klrJ~ Vl r-J~~"lItJ:w ::;y.j¥,)'J ll'Cl ::;LLnr1U nUrJ~ Vl 

q cv q q q 

, , " 
1Pl1'i1.:JVi 5 n1m.fJ.tJuLVitJunrm~::;i1f'kln1n~ut[9l'lJ'el'ln~I1.~m'l'kl')mtJ B l~'el'kl Lij'fll~~'JL~'fl~1. . 

('11:1-1 .) 

biu~1U 

"'U~n~1.:J... 
'i::::~'lJA'fl'i1n 

(:1-1:1-1. ) 

:1-11~~1n1y.j 

~1Ub'VI'W'fl~U 

(ni=':I-I) 

:1-11~~1n1~ 

'6~hu"llP1~u 

(ni=':I-I) 

:1-11~~1n1'W 

'i1:1-1(ni=':I-I) 

C 27.62d 4.68be 1.96ede 0.66de 2.62ed 

MS-5 27 .57d 3.76e 1.77def 0.61 def 2.38de 

MS-10 2B.17bed 3.71 e 1.55f9 0.57ef 2.12e 

MS-20 23.54e 4.61e 1.329 0.419 1.73f 

AE-5 2B.45bed 4.90be 1.62f 0. 52f9 2.14e 

AE-10 2B.89bed 4.06de 1.51f9 0.53f 2.04ef 

AE-20 27.6ged 4.3ged 1.70ef 0.50f9 2.20e 

VM+PM-1 :9 31.72b 4.91 be 2.02bed 0.70ed 2.72ed 

VM+PM-1 :6 31.43be 4.B5be 1.91 ede 0.66de 2.58ed 

VM+PM-1 :3 37.25a 5.1Bb 2.2Bab O.BObe 3.0Bab 

RH+CO-1 :9 31 .45be 5.84a 2.11 abc 0.B3b 2.94be 

RH+CO-1 :6 3B.60a 6.17a 2.23ab 0.86b 3.09ab 

RH+CO-1 :3 39.BOa 6.02a 2.37a 0.97a 3.34a 

, 'j,.I I' 

LmtJU l VimJ A'Jl~l.l[9l n ~,)'l'lJ'fl'l ril L'u~tJ [9l1~t1n't'!~1'kll.l.'kl,) f?T'l rill.'il~tJVint1mj'~nl nu ~1\J"ih'l 

~,)'ln'kl I.I.~Vl'l~·lnA'J,)~I.I.[9ln~I'lnU'elrJl"i:hrtJ~If1~Vll'l~Cl~ (P :S 0.05) 

-- . -- . 
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Jl1~~ 10 bmtJ'lJbVlmJn1:i'b~'lJbtn"ll'e)'m~11;Jm\l'U1b~'e)'fl1fJ 8 b~'e)'U~1~i'"Jb{'e):i'1b'e)fOlbtn1l.JfOl'e)fl:i'"1l1 

b~~b~1~VI,r\l~1tJvr'U€ TAK8 :i'lhb'lJlll?l1\l1 
, 'IJ 
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l"1'elfl~"l!ll~l7lbe.JI~~It1~1t1~'Wfi KANI16 'V'Ju~lnm'ell"1b[;ll~I"1'elfl~"l!1 ECM1 ij~m~tru~'VlI'1~ru~TW-
q ~ 

~'Vltl1l"1~lt1nunnL'ell"1l[;l1~I"1'elfl~"l!1 ECM2 ~'V'Ju1'W"l!I7ln1~'VlI7l~'el'l~ijn1~1~~'Jl~mll'ell"1l[;l1~I"1'elfl~-
q 

nl~'n~h~ULU~~~llbVIt.!'I ITS LL~'JlmmJLVitlunU~1~ULU~~~ILLVlt.!'I ITS 1'WJI'W-B'el~~ GenBank 

ij'llkl~~t1~1'W'J'W~ln~1.jf~1~UlU~~ ~lllVlt.!'1 ITS ~11-if1'Wn1~~~IQj,rl'eln~m~ru'lJ'el'll'ell"1l[;ll~ rl'elfl~"l!1 

(Palmer ll~~l"1ru~, 2008; Kranabetter, 2009; Ishidabb~~l"1ru~, 2009; Tedersoo ll~:;l"1ru:;, 2010) 

" I I '" 

'W'el nlQjl nu~'I [;l~'JIQj~'elU'V'JU~1 n l'ell"1l[;ll~ l"1'elfl~"l!I"l!'WI7l~'W1 'W"l! I7lnl~'VlI7l~'el'lVliJ n1~1~~'J l~'el~1l'elrll[;l1~• 

1~ l~'Wti'l n1nj'Wl~'el'W'lJ'el'lnl'ell"1l[;ll~ l"1'elfl~"l!1[;l1~fi~~~"l!1 ~ l~'el[;l~'J1Qj ~'elU~1 ~u lU~~ ~1 m~t.!'1 ITS 

'lJ'el'ln n L'ell"1l[;ll~I"1'elfl~"l!1 ~'I mh'Jnu-B'el~~~ijmj1 'W GenBank 'V'JU~1 l'lJ'Wnb'ell"1t[;ll~ l"1'elfl~"l!1 
'lJ 'lJ 

.. .. 
i'J~nU'W"l!VI~1t1"l!'Wi?l (Jakucs Ll~~ Eros-Honti, 2008) 9'1'elllQjlh,lbU'el'W~1nu~~ U1 Vl1-'ell~~i?ltll'1'W1 

~'elI7lI"1~'el'l nU'lI'W~~tI'lJ'el'l Yomyart (2008) ~lrJ1,yh n1~~1~'J1Qjtl"1~'I~h'l~'II"1Wll'el'l~ll'ell"1l[;ll~ l"1'elfl~"l!1 

1'WUll~'If'l1kltJ~::;l'Vl~l'Vltl 'V'JU~1 Tomentella spp. dJkl"l!'Wl7ln nL'ell"1l[;ll~ l"1'elfl~"l!1~'V'JU l~kl1klU1 b~'If'l .. , .. 
kl'el nlQj 1 nutJ'Illlkln b'ell"1 t[;ll~ l"1'elfl~"l!1Vl'V'JutJkllu'elklmj nun n n~11~'1kll1-'elkll 'V'J1 :;~1 lb~ ~ Yuwa

" 
Amornpitak lL~~l"1ru~ (2006)1rJ1,yh n1~~m~n l"1'JI~VI~1nVl~lt1'lJ'el'ln l'elrll[;l1~I"1'elfl~"l!11klu11l!'J'I P11~ 

tJl'11'WtJ~::;l'Vl~1'Vltl 'V'J1Jnm'ell"1l[;l1~I"1'elfl~"l!1 Tomentella spp. 1'W~lnll!t11'1kl1 (D. alatus) 
i.t I I I 

l-rlklb~t1'J nkl 'elth'lhr'l [;l1~ mnJklLU'elkln L'ell"1l[;ll~ l"1'elfl ~"l!I"l! 'Wi?l~kl1 Ltlkl~'IVl ar'el'll"1n[;l~::;wJn 
I 'V I I I 

l-W'el'l1Qj1 n~'Ie.J~1~nI~~I7lL~'el'lJ'el'ln L'el1"1 t[;ll~ l"1'elfl~"l!IVl ar'el'l n1~~I7l~'I ~'IVl1 n dJkln L'el1"1 b1911~ l"1'elfl~"l!1Vi 

~1~1~f.l~~I'1 i?l'elnL~l7l~fu1J~~'VllkllrJ1 'el19,yh1~'bJ~I~I~f.l Lfll7l i?l'el n L~i?llrJ1Lti'el'l91 mn-~1 run1~~l7ll~'el 
~,j'eltl ti'llLl!~1 nI~ij~1l'elf)t[;l1~l"1m1~'1l1~ar'el'l n 1~i'J~ nu!i'1l'el1"1b[;ll~ l"1'elfl~"l!1~tJ'Wbi1~ kl9~1~e.J~ n1~ 

. 
.. , 

m::;ar'Wn1~L91ru'lJ'el'ln~11~ r'l m~ ~'IoJ'W9'1~llllkl~'el'l Al7ll~'el n n l'ell"1 t[;ll~ l"1'elfl~"l!IVliln1n91'ru L~Utl1l 
~ ~ .. .. , 

L~'J Ll~:;~1~1~f.llL'll'likl1klnln-BI'el1 rrtl n nYl"l!1rJ1~~11.jfe.J~[;llUkl,r'J L~'e) kl'el nlQj1 nUn1 ~1.jft)~ I7ltJ~ nVi 
q " 

i.t 'V I I 

c.i1 kln 1 ~'J.h L~'el LL~ ~ m~"J.J1 L ~ 'e)u1 L'J rue:h'll'el'l L~~ I7l ri'elkltJ~ n'e)11Ol Ltlkl~fi n 1 ~VI-W'lVi9 ~-rl 'J til 'Wn 1~~ I7l 
'lJ 

,., __ - I __ 

UkllU'el'Wn L'el1"1 t[;ll~I"1'elfl~"l!I"l!'WI7l~'WlrJ1 

lOll n n1~tJ~~ Lih"!e.J~~tJLLUU,r'J l~'e) L~kllt1n L'el1"1 b[;ll~ l"1'elfl~'1l1 L~17l Le.JI~~1t1~1t1~'W€KANII6 
" .. , .. q 

lL~::;l~ I7l be.JI::;VloJ'I~It1~klfi TAK8 vl'l 4 ~tJ LluuViij l?i'elnl~~ i?l L~'ell~ l"1'elfl~"l!I'lI'el'l n~11~tI1'1'W1 'V'JU 
.. q " 

LU'elfb-D 'Wtolm~~ i?l L~ 'ell~ l"1'e)fl~'1l1 

http:nYl"l!1rJ1~~11.jf
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, , " 
LU'ElfLsD"'t;] ([YlIj'I~Yi 2) bb~:;b~'ElH~'J b~'Elb~",lml b'El ~'i:[Yl1~.Jrl'El~h'lll b~ ~ LeJl:;\nr~~ltJ~"'~ TAK8 iJ 

btl'ElfbsTI"'t;]nlj'~~b~'El1~~'El~h'lll 31.98-88.68 bU'ElfbsD"'t;] ([Yllj'I~~ 3) ronnn1nmtJubVltJ1JLU'ElfbsD"'t;] 
'" I i.I 	 i.I i,; 

n1j'~~b~'El1~ ~'Eln~'lllb~'ElH~'J L~'El;1~ 4 ~tlbbUU ~U~I~'Jb~'Elb~",ltJnb'El~'i:[Yl1~~'Elnj''lllb~~beJl:;~ltJ
'lJ 

I I 	 i-' I 

un~uVleJ~wlUtJ~~U~ n 1 "'-e)[Yln~'J'WVl b'\t1~I:;~~'Y'h1t.1 n~11~iJn1~~~ L~'El1~ ~'Elnj''llI~~Vl~ ~ j''El'l~~l-J1
q . CjJ 	 "U q 

, 	 " 
~'Elb~'WltJVlvh1,x'EltJ1'Wbij~LL~~ L~tJl-J-e)~~ L'W[Yl 'i'l'J'Wb~'W1mb'lJ'J'W~'EltJvh1,xn~11~iJ n1j'~ ~ b~'El1~~'Elnj''ll1

'IJ 

I I if 	 "'" , '" 

~IVl~ ~ v)~lJ'Wbb~ ~~~I';jfi n1j'1'i'lbb~:;m~1 ru'lJ'El'l~'J b~'ElVl ~1~ n", ~'1 eJ~1,xn~11~iJ n1j'~ ~ b~'El1l-J ~'Eln~• 
'111(;]1'1n'W 

b~'Ell-n~'J b~'El b~'Wlml b'El ~'i:1?11~ ~'Elnj''ll1 b~ ~ beJ1:;~ltJ~1tJ~'Wfi.KAN 116 bb~:;b~ ~ beJl~vrlJ~~ltJ 
'" I I I 

~'Wfi TAK8 bluub~'Wlmb'1J'J'W~'EltJ ~U~1 n~11~iJ btl'ElfLsD'Wt;]ni:i'~~b~'El1~ ~'Eln:i''llIVl~1 b~'ElbVltJUnU• 
I lJ if I 	 '" 

';jfi n1:i'~'W1 bb~:;~U~1nij'l'i'l~'J b~'El';jfiiJl'Wm:w 1 ruVl (;]1~ n'Whlii eJ ~ (;]'El bU'ElfbsD'Wt;]n1 j'~ ~ b~'El1l-J fl'Eln:i''ll1 

~'El~~~'El~nU~1",';j~tJ'n'El~ Palade bb~:;~ru:; (2004) ~ntJ'I1'W~1~'JL~'ElbLUUb~'W1mL'lJ'J"'~'EltJ'lJ'El~ 
" Lactarius deliciosus 217 	1"'m~1ru 5 ij~~~[Ylj' '\t11'El 0.025 nf~'lJ'El'liJl'\t1'\!nLL,x~ vhl,xn~11~~", 

" " 
Pinus pinaster iJnlj'~~L~'El1~~'Eln~'l!1 24 LU'ElfLsD'Wt;] bL~:; P. sylvestris 10 LU'ElfbsD'WI;lLvil,\!", 

Brundrett Lb~:;~ru:; (2005) j'ltJ~1'W~ln L'El ~'i:[Yl1~~'Eln:i''1I1UI~"l!U~hl~I~1:i'm"'l1-'Y1Jlmr~ron nL~",ltJ 
, ... , 

QnU'WLU'W~"'L~n1 ~'1~'El~~~'El~nU~I'W'lJ'El'l Danielson LL~:; ~ru:;(1984) LL~~ Boyle bb~:;~ru~(1987) 

~ntJ'I1'W~1L~",1tJ'lJ'El~n Pisolithus sp. bL~~ Paxillus sp. hliJU:i'~~'YIfi[)I~'\t1~~"'llnL~"'ltJ~n~'"
", , 

v)~ lJ"'LL~ ~~~ 1 L~'El L~ 'W ltJ C1 n1~1,xnun ~rI1~'i:~tJVl b~",1tJhJ1~fu n 1:i'U n U'El'l vr1'ElUfU r;l'J 1'IX b-if1 nu 
'IJ 

'" '" 	 '" I I I 

'EltJ1~hn!Pl1l-J ~'J L~'El:i'UbbUUiJ1~fu ~'J1l-JumJl'Wn1~vh dJ"'~'lb~'El L ll'El'l"'l1 nLU'W';jfiVl~ltJ bYl~m~1 ru 
'lJ 

" 	 " 
tr'J b~'Ell~~'J~b~'Jbb~:;un ~"'l1nn1j'umU'El"''lJ'El~~~''''YI1tJ (Danielson Lb~~~ru~, 1984; Boyle LL~~ 

" " ~ru~, 1987; Richter u~~ Bruhn,1989) "'llm.J~n1~'YI~~'El'liJ '\t11n~'El'ln1:i'1-n~'Jb~'ElL~~LeJl~1'Wj'ULLUU
'IJ 

'" if I 	 lJ 

\J'Ell"'l ~'El~iJni~l'i'ltr'J L~'Ell",ml-Jl ruVll-J1 n n~1 20 ij~~~ [Yl~ ~~"'l:;'i'l~ eJ~ (;]'Eln1:i'~ ~b~'Ell~fl'Eln:i''ll1 
" ~1'\t1futr'J L~'El L~'Wlm1 L'El~ 'i:[Yll~ ~'Eln~'ll1 L~ ~LeJ1 ~~ltJ~1tJ~",fi KAN 116 bb~~b ~~bl:n~vrlJ'I~1tJ . 

, 	 " 
~'Wfi TAK8 bbUU L~'WltJVlvhl,x'EltJl",~ij~bL~~b~tJ~'1Y~~ b'W[;] Y1u~lvh1,xn~11~iJbU'ElfbsD'Wt;]n1:i'~ ~b~'Ell~ 

• 	 'IJ 

I iJ 	 I'll'" 

~'El fb'l!l~~ n~l b~'El1-ntr'J L~'El bbUUb~'W1tJ bL'lJ'J"'~'EltJ bll'El~"'ll ntr'J L ~'ElJUbbUUiJiJ -if'El ~ ~'El b~'"ltJ"'l ~~ 1l-J l:i'C1 
'IJ 	 'IJ 

iJ~';j [;]'El~1Jl"'1'" L~n~bij ~-e)~~ L"'~ bnufm~1 ~'J1l-J~'Wb'El11rJl~ b~'W1m1~~l~fu n1~U nu'El'l ~1~1:i'C1 
iJfu r;l'JU~~~1~lnH"'l1'ryb-ifl1u~ (Y1 L~'El~nn n~11~1~ nL'El ~ 'i:[Yl1~ ~'Elfl:i''ll-ru~ltJ"l!U(Y1 L'll'" 

Descocolea sp. Hebeloma sp. Laccaria sp. bL~~ Pisolithus sp. u~~~uml~~lL~"'l"'llnnJ:i'Vll~'J 

b~'ElJl'JtJ';jfie Lb~~~1l-Jl~mnulrJlJl~'Elru'\t1[)ij~1'Wl'W~'1 7 b~'El'" (Kuek bL~~~ru~, 1992) LL~~bn'Ell-ntr'J 
• 'lJ 

~ , 
L~'ElJ1L'El~'i:[Yll~~'Eln~'lllL~(Y1LeJl~~lmb~~L~(Y1L~1~VllJ~1"'ml-JlruVl(;]1~n"'~'El 5 10 LL~~ 20 ij~~~~:i' 

http:31.98-88.68
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-"' . 

~ ~ 

~'lJ~lmJ'H,x'dL~'1)uhnru 1 0 ~~~~(;lJ' .yhl,xn~11~ihU'1)floJi'Wf?1mJ'~~ l~'1) 1:IJA'1)fh'llI~.,j n~lnlJ'l-TI' 
'lJ 

" ", 
lIhnru 5 LL~::; 20 ~~~~(;lJ' mh.,j51'l1tJ~lrlryVll.,j~C1~ ~'1'l1'Wbb~~.,j~lmJ'1-TI',x'db~'1)1'Wm:IJlruVi 

, " ~ 

L'VI~I::;~:IJ IOl::;~I~ lnl b~:IJ mJ'~ ~ b~'1)14-1 A'1) flJ''ll 1 '11'1)'1 n~11m~ b~tJhir.h dJ'W~'1)'11-TI'm4-11 ru,x'd b~'1)l.J1 n 

~~~ ~.,j~'1)~A~'1).,jnH:Jl'W~{tJ"lJ'1)'1 Mortier LL~::;Aru::; (1 9S9) ~1~bmtJ'lJbVltJUm4-11rumJ'1~,x'db~'1)b~'W 
, ", 

ltJVl'1)tJ1'Wbil(?JblA~b~tJ~'1l~~b'W(;lml-J1ru 2 5 ll~::; 10 nf~'ll'1)'19.11Vl'l1nLL~.,j ~'lJ~llij'1)t41'W1u 11 ~U(?Jlt.f
'lJ 

I i.I I I'U" 
~'Wn~IVll~i'd l~'1) 10 nf:IJ'1l'1).,j9.11Vl'l1mb,x'l 51 bU'1)floJi'Wf?1mJ'~~ l~'1)1:IJ A'1)flJ'"1!I~'1V1~ ~ bbr;lLij'1)t41'W1u 25 

'lJ q 

" ",
~U~li~'lJ~I'll~mJ''VI~~'1)'1 2 5 bb~::; 1 0 nf:W'll'1)'19.11Vl'l1mL~.,j 51bU'tlfLoJi'Wf?1mJ'~enL~'1)hibb[;1nr;ll.,jn'W ~.,j, 

iI '" '" r 

LL~ ~.,jl~L~'W~1 m:IJ1 ru,x'd b~'1)51 WJI4-1~1 rlry n'lJJ'::;tJ::;b'd~11'WmJ'~ enb~'tl mJ'1-TI',x'd L~'1)1'Wm:Wl ruVlii'1)tJ 

" " " 
'1:l11Ol r;l'1).,j l-TI'J'::;tJ::; b'd'tll'Wl'W~'W1'Wn 1 J'IOl::;1~b~'1)'l1'Wl0]1~ nmL'tl::;~(?J.J'Wlltl'WJ'1 n l'tl Ab[;114-1 A'tlflJ''ll1 

'lJ 

" ~IVlf'lJ,x'd l~'1) L~'WltJnb'1)Ab[;114-1 A'1)flJ'"1!1 b~ ~ L~J1::;~ltJ~ltJ~'Wff KAN 116 ll'tl::;L~ ~ ll:J1::;Vl'l1'1~ltJ
q 

...r'Wff TAKS LbU'lJ b~'WlmlOl1'rul'WtJ~ ~ t:.J~:IJ l'd'1)Hj Almfll'tl::;~'VI4-1'1)~ U'tl::;tJ~ ~ t:.J~:IJ'lltJ:IJ::;~~I'd lL'tl::;Lbn'tl'lJ
q IV q cu q q 

" ",
~'lJ~lvh1~n ~rI1~51 bU'tlfLoJi'Wf?1m J'~ (?J b~'tl1:IJ A'1) flJ''llI~.,j n~I,x'd l~'1) J'U ll'lJ'lJ~'W~'1) en A~'1).,j n'lJ'Il'W~{tJ'1l'1).,j

'lJ 'lJ 

Palade lL'tl::;Aru::; (2004) ~ntJ.,jl'W~1 L. deliciosus 17S L~'tll-TI'ltl'W,x'dL~'1)Ll'lJ'lJl~'WlmlOl1'ryl'WtJ~~ 

tJ~:lJl'd'1)f~~1'tlvlLL'tl::;~'VI:IJ'1)~~14-11nlbn~1:IJA'1)flJ'"1!ln'lJ P. pinaster bL'tl::; P. sy/vestris 100 
~ 

L1J'tlfLoJi'Wf?1 Hung bl~::; Trappe (1987) 1~~,x'dl~'1)J'IL'1)Ab[;11:IJA'tlfh'lll Laccaria /accata Ll'tl::; 

Hebe/oma crustu/iniforme bl'lJ'lJb~'W1tJ llOl1'rul'WtJ~ entJ~:W L'd '1) fij Al'tlvlLb'tl ::;~Vl:IJ'1)~1,xn'lJ ~'WbYJ'1)f ~'lJr;il 
~ q 'U 

" 'V 11 I "" 

i') l~'1) J'1 t:u ll'lJ'lJtJbtl'W,x'd l~'1) Vl 51u J'::;~Vlfi Jll~~.,j b(?)tJ51 lU'tl flO]'Wf?1mJ'~ ~ l~'tl S3 b Ll'tlfb O]'Wf?1 bl~::; 90 

LLl'1)flO]'Wf?1 m:IJ~I~'lJ 

" lOll ntJ'tl mJ'Vl en'tl'1).,j~'lJ~lnl J'1-n'1l[;1J'I~,)'WJ'::;Vl~I'1,x') b~'tl(;)'1)rJ~ (?)Ll~ n 1 'W'flml~,)'W 1:6 vll1,x 
q 'lJ 

" n~11~51 lLl'1) fbO]'Wf?1m J'~ (?) b~'1)~'1nr;il nlJ'1-nt'W'fl[;1n~')'W 1:9 '1)rll'151'l1tJ~1 rlru'VI1-:)~ C1~ LLr;l1:!.J (;)1-:) n'W 
'lJ ~ 

~ ",
Vll.,j~ C1~n'lJn'1J'1-ifl.'W'fl(Pln~'d'W 1:3 ~.,j'l1hlll~ (?).,j~1 n'1J'H,x') l~'1)1 'Wm:IJ1 ruVl LVl:IJ1::;~:IJ nlOl::;vll1,xn~11~ 

51 n'lJ'~ en L~'1) 1:IJA'1)flJ'"1!11~ b(?)tJ~1:!.J~1 LrJ'W~'1)-:)i'WbLl~'1)-:),x'd L~'1)1 'Wm:IJ1 ru:IJ1 n n-:)IOl::;vll1,xn~11~51 nlJ' 
II 'U 'U iI I 

~(?) l~'1):IJ 1 n ,x') L~'1)LL'lJ'lJ b~'W1tJ b IOl1'rul'WtJ~ (?) t:.J ~ 4-1 L')'1) f~Al'tlv1LL~ ::;~'VI:IJ'1)~tJn n{~r;i1 brJ'Wn1J'tJ~ (Pl,x') b~'1) Vl 
~ q ~ ~ 

I I iI 'iJ 

LVl:IJ1::;~:lJVl~(?)Yll~1~nun~11~ (Marx, 19S0) ~'ltJb~n::;L')'1)f~ ~1'tlv151o]'1)~~'1) '1)1n'1Plr:hmVl1~~51t: 

~t'W b~'W1m~'1) blOl1'ry bb'VI J'nLO]I1Ll~1:IJ1 J'f.l1~f'lJ nlJ'Llnil'el'l bb'tl::;~ Vl4-1~~·lh tJ1'Wn'l J'uf'lJ pH 1~ lVl4-1 1 ::;~:IJ 
I iI 'U I I 

(;]'tlnlJ'LIOl1'ru'll'1).,j l~'W1tJ~'1'1)rll'WJ'::;Vl~I'l 4 .S-5.5 bl'tl::;51'el1Vlln~H':) L~'1)bVl'tl')Yl51 fil (Pl'el1VllnYl'1)l-ifl.'Wn'1J' 
~ 'lJ q 

'" iI 'U , 

9.1l1Ll t:.J~:IJ n'lJtJ~ (?)U'tl n 'W'el nlOll ntJ~fin'l J'1~,x') b~'1)'l1'WhJ brJ'WnlJ'vll~ltJ L~'WltJ n~ n ~,)tJ b~ n::;hi ~'1).,ju'W 
q '" 

tI I \.I 'U 

b~'WltJIOl ::;blOl1'ru bl 'VI J'n b0]11ul'WrJ~ en r;l1'11Ol1 n n'l'J'vll,x'd b~'el Lb'lJUL~'W1tJ LL'll'J'W'tl'eltJYl ~'tl.,j b~tJ'I L~'ell 'WIOlI b~1::; 
~ q 

'U I 'U '" 

L~'1)9'1vll1,xL~:lJm:IJ1 ru b~'1)1~ii'1)tJ bL'tl::;51 ~11-n91tJ~.,j Lbr;l'elrll'1hn m:IJ b'd'1) f~ A1'tlvlbL~::;~'VI:IJ'1)~'l1'W51
'U 'lJ 

~ 

n AI Lb'VN LL~::;~'el'l9.1l Lo]l1Ol1nr;lI.,jUJ'::;L'VI Pl'ell1Ol hJL'\.ml::;~IVlf'lJl-nt'Wn'1J'tJ~ (Plbtl'W,x'J b~mn:IJlru:IJ1 nVl~'1) 

http:LL~::;~'el'l9.1l
http:b~'1)l.J1


35 

, ~ 

~'l"l :::vll1,xn1 ~e.J ~ L9l~'J b~!l ij 
~ I I ~ 

1"11 l-n~ltJ~'l ~'lL1tJnlah:::tJ n11l1-ni~ (i1Vlij!ltJ1tJVI!l'l iltJ:Wl1-ni:.J~l1l~'Jb~!l~'lij fO)'Jl:w"hd:ltJ
'\t ~ q cu 

", " 
"l1 n i:.J ~ nl ~'Vl (i1~!l'lil'V'lUrJl bij~bmtJu bVltJU n1~1.jf~'J b~!l bbUU L~tJbtJ L"l1ru1 tJi~ (i1 e.J~:W L'J~f~ 

" 
~ q 

, 
fO) hl'1LL~:::~'Vl :W!l~ n1J n1~1.jf~'J b~!l bbUU L~tJltJ b"l1rultJi~ (i1 (:.J~:W"ll tJ:W :::'V'l~I'J LL~::: LLn ~u1tJm:Wl ruVlb~ 
III Q..' q q 

b~rlU n~11~LVl1rltJ 'V'lUrJl LtJ!lfLoDtJ~n1~~ (i1 L~!ll:WfO)~f1.~"1!1hi t?11'l rltJ'Vll'l~ il ~ tJ~ n"l1 n~ iJ'l'V'lUrJl L~tJ 

lmlb~fO)bL9l1:WfO)!lf1.~"1!lb~(i1Li:.Jl:::~ltJ~ltJ~tJ€ KANII6 LL~:::b~ (i1Le.J1 :::'VIL1'l~ltJ~tJ€ TAK8 ~1:W1H'IL"l1ru 
q q ~ 

, " " 
1~tJi~ ~~!l']JtJ:w:::'V'l h'J LL~:::Lbn ~uVl';h1~1:Wc;1'd tJm'VIln~ tJ'l L~!l b'VI ~'J1~~ L'lltJL~m rlU L 'J~fiJ ~l~vlLL~::: 
"" ,

~'Vl:W!l~ ~'loJtJ "l1 n n1~'Vl (i1~~'lilLb~ (i1'lb't-I L~tJrJl~I:WI~b11.jfi~ (i1~~LLn~ubL~:::"1ltJ:W:::'V'lh'J~'l'VI11~~ltJ
• q 

bb~:::ij~1 m b1 n nrJl3-11'Vl(i1 Lb vl\JnI~1.jfL'J~fiJ fO) l~l'1bb~ :::~'Vl:W~~1~ ~'l"l:::Lumh:::btJ"lll1~tJl'l~'lbtJnl ~~ (i1
~ ~ 

" 
tXtJ'YjtJ1tJnI~(:.J~ 11l~'J b~~nL!lfO)bL9l1:w ~!lf1.~"1!1 

b~!ltJ~:::L~tJe.J~~tJbbUU"1l!l'l~'J b~!ln b!l fO) tL9l1:W~!lf1.~"1!1 b~tJltJ L~ (i1 be.Jl::: ~ltJ~ltJ~tJ€KAN 116 t?1!l 
~ q 

"1ltJl (i1 b~tJ~ltJl!JtJtJn ~1'l~1 tXtJ"1l!l'l n~11~tJl'ltJI1~~tJl'l ijL1tJ~1 ~CY'Vll'l~ il~ b~!l L YltJUrl1J1 (i1 ~'JU '13-1 

~l'V1fuL~tJltJnb!lfO)LL9l1:WfO)!lf1.~"1!1 b~(i1b(:.JI:::'VIL1'l~ltJ~tJ€ TAK8 'V'lUrJl'Jl(i1n1~'Vl (i1~!l'l~1~~'J b~!lLLUU 
• q 

" b~tJltJ b ~1CYbtJi~ ~ e.J~:W L'J!lfiJ ~l~vlLL~ :::~Vl:W!l~ bL~ :::~'J b~!l bLUU L~tJbtJ L "l1cy 1 tJi~ ~(:.J~ :w~tJ:w:::'V'l ~1'd LL~::: 

. 
, 

LLn~Urlui~(i1u~nbtJrerL9ln~'JtJ 1:9 1:6 Lb~::: 1:3 L(i1tJm:W1L9l~ ~1:Wl~m~:Wnln~UbL9l'Vll'l~'Jl:W~'l"1l!l'l 
~ ~ 

, " 
n~11~tJl'ltJl1c;1!ltJl'lijL1tJ~1 '"'CY'Vll'l ~ il~Lij!l LYltJU rlU1 i?\~'JU '1:W LL~:::~'d L~!lLLUU L~tJbm~1r!JbtJi~ ~ 

~~:W"lltJ3-I:::'V'l~I'JLL~:::bLn~Urlui~i?\tJ~nbtJrerml~'JtJ 1:6 bb~::: 1:3 L(i1tJm:Wl(?W ~13-11~m~:Wn1n~utl1l. . ~ 

" ~:::'VIrJl'l btJ!lfLoDtJ~n1~~ (i1 L~!ll:WfO)!lf1.~"1!1 L~(i1L~I:::LL~:::nlm~:::tXtJnln~UbL9l"1l!l'ln~11~m'ltJl 'V'lUrJl'Jli?\ 

," 
• 

" 
q 

nl~'Vl (i1~!l'lYlij btJ!lfLoDtJ~n1 ~~ (i1 b~!ll3-1fO)!lf1.~'llltJ~::::Wlru 60 LtJf)fL~tJwntJhj "'l :::~I:Wl~b1m:::tXtJn1 ~ • 

btX~mL~::::W'J~~'Jlll'V'l ~'J:wlc;1!ltJl'lijL1tJ~1 '"'CY'Vll'l~ il~ ~!l(i1 fO)~f)'l rlU'lltJ~r.ltJ"1l!l'l Thomson LL~:::fO)ru::: 

(1994) ~~lmltJrJlnlm ~:::tXtJnln"l1ru b~Ubl1l'lJ~'l~'Jlij fO)'JI:w~:w~tJD1(i1tJl1l~'l rlU btJ!lfLoDtJ~nl~~ (i1 b~!l. ~ 

I 'iI I iJ ,... I 

hi1~3-I1"'l1 n1 (i1 nl~'Vl (i1~ ~'lYl ij LtJ~fLoDtJr?lnI ~~ (i1 L~~~'lYl ~ (i1 ~'l,:rtJLU!lfL~tJ~n1 ~~ (i1 b~!lYl L'VI:W 1 :::~:w~::: 

~1:W1~b1 n~:::tXtJn1n"l1ru L~UbL9l"ll~'ln~11m~~~~;- .~'l Lu~fL~tJr?lnl~~(i1 L~~~ L'VI:Wl:::~:w~:::ij fO)'Jl3-1. .~ 

http:vl\JnI~1.jf
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" '"llnn1n.h::;dh6~'i'l~tlbbUU'lJ'El..:J,r'J b~'Elb~'W1ml b'ElA b(;l1:J.J A'Elfl~6Jll b~ ~ b~I::;~ltJ~ltJ~'W€KAN 116 
, " 

~ q 

4 n.J 
~ 

bbUUVliJ 1Pi'El nl~~ ~b~'El1:J.J A'Elfl~6Jll'lJ'El..:J n~11d-Jm..:J'Wl ~U~n~ru::;n n b'El Ab(;l1:J.J A'Elfl~6Jll1 'W"l1 
q 
~ n1~ 

, " 
Vl~'i'l'e)..:JVliJ n1~1~,r'J b~ml b'El Ab(;l1:J.J A'Elfl~6Jllb~ ~ b~I::;~ltJ~ltJ~'W~ KAN 116 iJ~n~ru::;n1 nb(;ln bb"lJ'W..:J 

" ,
~ I ~ aI ~ 0 ~ Q 

bbUU monopodial pinnate :J.Jbb~'Wbb:J.J'WbVl'i'l~ bVl'i'l'El..:J'e):J.J'Wl(;lI'i'l (ECM 1 )bb'i'l::;b:J.J'El(;l~'J'"l~'ElU"l1'W~"lJ'e)..:Jnn 

KANII6 b~tJn1~Vll~Ii?lUbU~~~lbbVItJ..:J ITS bb~'JbmtJUbVltJun1J~1i?lubu~~r;hbbVltJ..:J ITS 1W'i1'W-if'El:J.J'i'l 
0Jl " 

GenBank ~1J~liJA'Jl:J.JbVI~'El'Wnu~h i?lu bU~~ ~1 bb VltJ..:J ITS nun b'ElA b~1:J.J A'e)fl~6Jll b~~ b~I::;t:htJ A. 

asiaticus (EU71S0S9) bU'W 97 btl'e)fb.n'W~ ~1V1t'u1'W"ll~n1~Vl~'i'l'El..:J~iJn1~1~,r'Jb~'e)~lb'ElAb(;l1:J.JA'Elfl~• 

" , 
pinnate iJbb~'Wbb:J.J'WbVl'i'l~bVI~'El..:J'e):J.J111~1'i'l (TAKS) bb'i'l::;b~'e) (;l~'J'"l~'e)U"llU~'lJ'El..:Jnm'El Ab~l:J.J'e)fl~6Jll 

TAKS b~tJn1~Vll~Iv1UbU~~~lbbVltJ..:J ITS bb~'JbmmJbVltJunu~li?lubU~~~lbb'\!ltJ..:J ITS 1'W~1'W-if'El:J.J'i'l 
0Jl ~ 

" , 
odoratus (AJ629S79) dJ'W 99 btl'e)fb.n'W~ 'W'Eln'"lln-wd1'e)~~'J'"l~'e)u~n~ru::;nm'ElAb(;l1:J.JA'e)fl~6Jll1'W 

"llVln1:i"Vl ~'i'l'El..:J~iJn1~1~,r'Jb~'El~lb'ElA b(;ll:J.JA'tlfl~6Jllb~~ b~I::;~ltJ~ltJ~'W€ KAN 116 bb'i'l::;b~~b~l::;vnr..:J, . 
" 

monopodial pinnate iJbb~'Wbb:J.J'WbVl'i'l~'lJl'J (ECM) bblPiiJm:J.Jlrun1~~~b~'e)1J'tltJtl~::;:J.Jlru 3 btl'Elfb.n'W~ 

b~'e)~~'J'"l~'e)U"llU~'lJ'e)..:J~lnb'tl Ab(;ll:J.J'e)fl~6Jll ECM b~tJn1~Vll~Ii?lU bU~~~lbbVltJ..:J ITS bb~'JbmtJUbVltJU 

nU~1 i?lu bU~~ ~1 bbVltJ..:J ITS 1'W~I'W-if'e):J.J'i'l GenBank 'W'IJ~liJ A'Jl:J.J bVlij'El'Wnu~1 i?lUbU~~ ~1 bbVltJ..:J ITS 
0Jl ~ 

" , 
'"l1 n n1~rll'W'J ruVllbtl'Elfb.n'W~n1 ~~~b~'e)l:J.JA'e)fl~"l!I'lJ'El..:J n ~11~tJl..:J'Wlbij'e)'tlltJ S b~'fl'W'W'IJ~1• 
Iii"" '" 

1'W"ll~A'JUA:J.JVlhj1~~,r'Jb~'fl hj'WUn1~~~b~'fl1:J.JA'flf6Jll ~1V1hmJ'flfb,]'W~n1~~~b~'fl"lJ'El..:Jnb'flAb~l:J.J-, , 
" , " 

A'flfl~6Jlly]..:J~'tl..:J~ltJ~'W€iJ Al1n~bAtJ..:J n'Wb~tJ"ll ~n1~Vl ~'i'l'fl..:JVl11.1l,r'J b~'e) b~'W1tJn VelA b(;ll:J.J A'flfl~6Jll b~~, . 
btn::;~ltJ~ltJ~'W€ KANII6 iJbtl'flfb.n'W~n1~~~b~'fll:J.JA'Elfl~6Jll 34 .02-S0.64 btl'tlfb~'W~ ~1V1t''IJ''l1~n1~. " 

, 
, " ... 

Vl ~rl'fl..:JVl1~,r'J b~'fl b~'W1tJ~1 b'flA b(;ll:J.J A'flfl~6Jll b~ ~ b~I::;'\!I1r..:J~ltJ~'W~ T AKS iJ btl'flfb-n'W~n1~~ ~ b~'fl1:J.J-
, ... 

A'flfl~6Jll 31 .9S-SS.6S btl'flfb-n'W~ bbrl ::;'W'IJ~I"llVl nl~Vl ~'i'l'fl~Vll~,r,)b~'tl bb'IJUb~'W1m'"l1ru1'W1'~ ~ ~~:J.J"lJtJ 
" IV q " 

, ... 
~..:JVl~ Vl ~1 b'tlA b~1:J.JA'flfl~6Jlly],,:)~'tl..:J~ltJ~'Wfi~I:J.J1HI m'::;tlf'Wn1n~'IJ b~"lJ'fl..:J n~11m~'flth'liJ,rmh r1ru 
'U q q q IV 

Vll'l~ il~ b~'EliJ Ltl'flfb']'W~n1~~~b~'fl:J.Jln n~l 12 btl'tlfb.]'Wwn'Wltl LL'i'l ::;n~11~~1~t'u,r'J b~'tlLLUU b~'W1tJ 

b'"l1ru1'Wt)~~i:<J~:J.J'lJtJ:J.J::;'Wh'Jbb'i'l::;Lbn'i'l'IJnu1'~ ~U'i'ln1'W'el(;ln~'J'W 1:3 b~tJmWI (;l~ iJ n1~~~'lJt~Vll'l 
IV q q q 'U 

http:1J~liJA'Jl:J.Jb
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t.- '" tI '" 

~~ n1 ~Mmn A¥'1{h~~ (;)'11iX ~~Urj1 Ltl'Elfb~U~n1~~ Vl ~~'El ~ A'd 1:W ~btl nrU~umi num:W1 ru']J'El'l~'d
" 

~ ~ ~ 

~~'ElLL~ ::::'Jfi n1 ~1~~'JL~'El ~tl ~bUU !?l1 'I 1 U'El n"'ll n utT'I~ 'UJ1 ~bll-if"1JtJ:w:::Yl ~1'd ~~~ ~ ~bn~u dJUYl1'1 ~~'El n 

~lV1¥Ul.if~t1u1'~ (;)1Un1~~~ 1?l~'dL~'El L~UltJ Yl 1'1 n1~~11f?l~ti'El'l~l nVl11f?l~1 tJ ~L~::;i1 n A1 bl n 
q " 

'V 1I I I 

~1 n n1~:'J~tJU'l"lurj1 If?l~'d L~'Eln ~'El ~ ~l?ll:w ~'Elfl~"JI1 ~~ (;) L~1 ~Vi LVI:W1 ~~:WVl~1:W1~blm~~Un1 ~ 
q 

L~U~1?l']J'El'l n~11~m'lu11f?l b~!?l m~'Vh n1 ~:'J~tJ L~:W L~:W1ULLtl~'1U~ n b till'l"'ll n ~ ~ Yl (;) ~'El'l1UL~'ElUL '1"11 ~~1 

hl~1:W1 ~bl bb~ Vl'l ~~~ Lb Vl"'l1'1 b~'El'Elt.11U~!l1'1"1D~~:W,])1 ~1f?l 
" 

-- . -- . 
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Jll,"UJ'W1n n 

cW'6ll~U b'fl n~n'Mru'il b'fl~blPll:J.J ~'fl;t'i'1il... 

, " 
eJ'~ ITS sequences "lJ'fl..:!'i1 n KAN 116 1'W1!?1 nl~'Vl !?1~tl'lvHJ n1~1~,x'J L~tl:i'1 Ltl f1 'i:[9l1:J.J\·I'Elfl~"Jj1 b~!?1 

Li:-Jl:;~ltJ~ltJ'W'W{• KANII61J\~'le~tl 

AGCGAATTCTGAGGCGGGAGAGCGCAAGGGGGTTCTAGCATTTCGGAA TGCTGTCG 

CTGGCCTTTCGGGGCATGTGCCCGTCTTCCGAGTGTCTGCCTTCGGACCTCCGAACC 

CTCTCCTATACCTTCCAAACACACCTGTGTGCACCTGTTGGAGGCCTTGTCTATTAGGC 

AGACCTATGTATTACTTTCATAAACATCGAAGTATAAAAGAATGTTTGAACACACGATAT 

ATATGAATAAATATACTTTCAGCAATGGATCTCTTGGCTCTCGCATCGATGAAGAACGC 

AGCGAATTGCGA T AAGT AATGGGAATTGCAGA TTTTCCGTGAA TCACGAATCTTTGAAC 

GCACCTTGCGCTCCTTGGTATTCCGAGGAGCATGCCTGTTTGAGTGTCATCGAAATCT 

CAAAATCCT AGCTTTGCCTTGTCGGAACTTGGTTTTTGGACTTTGGGAGTTTGCGGGCG 

ACCCCTTTGCTTTGGGAAGTCGGCTCTCCTTAAATTGATTAGCAGTGGGTGCAAGTCC 

TTTGCATGGCACGGCCTGTTCGACGTCGTAGTGATCGTCGCGGGCTGGAAGGGCTTG 

GATTGACA TGTCTCA TGCTTCCAACTTTT ACATGCGCCAAGTTT AGTCT AGGCTACTCT 

AGCGTGTGTCCTTTTCTCTAAGGCTTGACCTCAAATCAGGTAGGACTACCCGCTGAA 

ATTACCGAATCGTGCAAGGAGCGTAAGACGGTCGGAGGAGGAACCTCGGGGGGGT 

GTCTAGT AGT ATTTCGGAGTTGCTGGTCGCTGGCCTTTCGGCCA TGTGCACGTCTCCG 

GAGTCCGATGGGGTGTGTATACACCCAACCCCCCCTCGGCCTCGGTCTCCTTCGGAA 

CCTCTGAAGCTCCTGTACCTCTCTAACACCATTGTGCACCTTGTTGTAGGTCTCGTCGA 

GGGACCTA TGT A TTCCTTTTTTTT A T AAAGCTCTCTGCATGT A T ACAGAACGTTGTCTTTT 

GACAAACATGTCATATAAACATATATATAACTTTCAGCAATGGATCTCTTGGCTCTCGC 

ATCGATGAAGAACGCAGCGAATCGCGATAAGTAATGTGAATTGCAGATTTTCCGTGAA 

TCATCGAA TCTTTGAACGCACCTTGCGCTCCTTGGT ATTCCGAGGAGCATGCCTGTTT 

GAGTGTCATCGAAATC~CAAATCCTAAGeTTTGCTTCGGTCGCCGACTCGGAGCGAG 

CTCGGACTTGGACTTTGGGAGTCTGCGGGCGACCCGACTTTGCTCGGGACGCCGGC 

TCTCCTCAAATGCATTAGCGGTGGGCTTCGAGCCTTTGCACGGCACGGCCTGTTCGA 

CGTCGTAGTGATCGTCGCGGGCTGGAAGTGCTTGGATCGACGTGTCTCATGCTTCCA 
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ACCATGTGCCGCGCCGCGCCGGGGTTGTTAATCCCGGGGCCGGAACTCTTCTAAGG 

CGTGACGTCGA 
, " 

f.J~ ITS sequences 'lJ'f)~'il1n ECM lW11?in1:i''VlI?i~T}rViiJn1:i'1~"r'Jb~tlnbtlfllI?l1~f1tlfl:i'"1l''H'l:i1?i 

b~1~~1tJ~1tJ'V~\Jfi, KAN 116 bb~:::1tJ"lll?in1:i''VlI?i~tl'l~iJ n1:i'1~"r'J b~tln btl fI t1?l1~ f1tl fl:i'"1l 1 b'l:il?ibt:.J1:::, 

" 
V1t!'1~1tJ-WtJfi, TAK81~i?l'l.w~Tl 

TCTTGGTCATTTAGAGGAAGTAAAAGTCGTAACAAGGTTTCCGTAGGTGAACCTGCGG 

AAGGATCATTACCGAATTGTCAACACGGGTTGTTGCTGGCCCCCGTAGGGGGGCATG 

TGCACACTCTGTTCACACATCCACTCACACCTGTGCACCCTCTGTAGTTCTGTGGTCTG 

GGGGGCCCTGTCCTCCTGCTGTGGTCTGCATCTTTACACACACACACTGTAACAAAGT 

CTAATGGAATGCATGTCGCGTTTAACGCAATACAATACAACTTTCAGCAACGGATCTCT 

TGGCTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGA 

ATTCAGTGAATCATCGAATCTTTGAACGCACCTTGCGCCCTTTGGCTATTCCGGAGGG 

CATGCCTGTTTGAGTATCATGAACACCTCAACTCTTGTGGTTTTCCATGATGTATGCTTG 

GACTTTGGGGGTCTTGCTGGCTACAGTCGGCTCCTCTCAAATGAATCAGCTTACCGGT 

GTTTGGTGGGTATCATGGGTGTGATAACTATCTACGCTTGTGGATTTCCACCAGGTAAC 

CTTCATCAATGGAGGTTCACTGGAGCTCATA 

-- . -

http:b'l:il?ibt:.J1
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[11 FI ~'W'J n 'lJ 

" " ~'J'i'1~'JJl1'Y'l~'J~LL'i'1:::LU'e)fL.n'W[?]n1~~~ L~'e)1~ FI'e)fl~']j1'11'e)'l n1l11~m'l'W1 Lii'e)'e)1tJ
q 

8 L~'e)'WVi1~~u~'J 

Sum of Squares df Mean 

square 

F Sig. 

Between Groups 551.201 12 45.933 6.122 .000 

Within Groups 195.090 26 7.503 

Total 746.291 38 

'lJW1V1L~\.lcJ1w~wtJnrn'l Between Groups 4.705 12 .392 2.523 .023 

Within Groups 4.040 26 .155 

Total 8.745 38 

Between Groups 2.826 12 .235 6.009 .000 

Within Groups 1.019 26 .039 

Total 3.845 38 

Between Groups .557 12 .046 3.518 .004 

Within Groups .343 26 .013 

Total .899 38 

Between Groups 5.712 12 .476 5.103 .000 

Within Groups 2.425 26 .093 

Total 8.138 38 

LUll fL-TI'Wvln1),~ VI L~ll Between Groups 495.325 12 41.277 23.879 .000 

1:Wflllfh'l!1 Within Groups 44.944 26 1.729 

Total 540.269 38 

...... 
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, ,0

"lJre:J'l ml~~'l"lJre:J'l n~11~m'l'Wl biJre:Jre:Jlt1 8 b~re:J'WY;1~:hnr':l b~mlbre:JA 'l~1~Are:Jfl~"ll1 L~ (?) be,jl~~lt1
~ q 

Post Hoc Tests 

Homogeneous Subsets 

a
Duncan

Treatment N Subset for alpha = 0.05 

1 2 3 4 5 

4 3 22.9033 

5 3 23.4533 

3 3 24.4100 24.4100 

2 3 25.5833 25.5833 

6 3 27 .8800 27.8800 27.8800 

1 3 28.8333 28.8333 28.8333 

8 3 28.9133 28.9133 28.9133 

12 3 3Q.9333 30.9333 30.9333 

9 3 31.0200 31.0200 31.0200 

11 3 32.0400 32.0400 32.0400 

10 3 32.1333 32.1333 32.1333 

7 3 33.2933 33.2933 

1 3 35.0400 

Sig. .055 .081 .108 .093 .116 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

--- . 
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I I I j.I 

'lI'el'l'lJ 'W1!?) L~'W~l'Wf"\'Wcl"n~l'l~1 ~'WVl~~f?1U ~'el n n'll'el'l n ~11~tJ1'l'Wrl Lij'tl!l1t1 8 L~'tI'WVl1~fu,r'J L~'tI 
'U • .. 

n L'tI~ b!?lhJA'tIf1~"lll L~!?) Lr.J1~~1t1~1t1~'Wf KAN 116 tU LLUU !Yl1 'I1 

• 
Post Hoc Tests 


Homogeneous Subsets 


Duncan
a 

Treatment N Subset for alpha = 0.05 

1 2 3 

2 3 4.5600 

3 3 4.5933 

6 3 4.6267 

1 3 4.8733 4.8733 

4 3 4.8767 4.8767 

8 3 4.8800 4.8800 

5 3 4.9100 4.9100 

7 3 4.9667 4.9667 

9 3 5.0200 5.0200 5.0200 

10 3 5.2400 5.2400 5.2400 

12 3 5.2733 5.2733 5.2733 

11 3 5.5800 5.5800 

13 3 5.7400 

Sig. .070 .069 .054 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

-'" . 
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, ,0 

"11't1'1l-J'J~~'JJlI'\"j~'J'WlVl\j'tl~hJ"11't1'1n~11~m'l'W1 dJ'tImtJ, 8 l~'tI'W-vl1~flJ,r'J l~'tIn l'tl f\ blil1l-J f\'tIfl~6J!1 

Post Hoc Tests 

Homogeneous Subsets 

a
Duncan

Treatment N 

1 2 3 4 

4 3 1.4600 

3 3 1.4867 

5 3 1.4867 

2 3 1.5100 

8 3 1.6767 1.6767 

6 3 1.7833 1.7833 1.7833 

1 3 1.9300 1.9300 1.9300 

9 3 1.9633 1.9633 1.9633 

11 3 2.0300 2.0300 2.0300 

12 3 2.0300 2.0300 2.0300 

10 3 2.0533 2.0533 2.0533 

7 3 2.1300 2.1300 

13 3 2.2700 

Sig. .088 .051 .071 .077 

Means for groups in homogeneous subsets are displayed. 

8. Uses Harmonic Mean Sample Size =3.000. 

-- . -- . 
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o 0'" 
'lJ1l'l:W'l~~'lJl1~'Ho-l'l'Whl~h'!'1J1l'l n~11~tJ1'1'W1 biJll1l1~ 8 b~ll'WVll~fu~'J b~tlJ'1L1lfl ll911:w f11l fls'll1• 

Post Hoc Tests 

Homogeneous Subsets 

Duncan
a 

Treatment I\J 

1 2 3 4 

5 3 .4333 

3 3 .4767 .4767 

4 3 .4933 .4933 

2 3 .5267 .5267 .5267 

6 3 .5300 .5300 .5300 

8 3 .5633 .5633 .5633 

1 3 .6467 .6467 .6467 .6467 

10 3 .6600 .6600 .6600 

7 3 .6700 .6700 .6700 

11 3 .7333 .7333 

12 3 .7367 .7367 

9 3 .7400 .7400 

13 3 .8400 

Sig . .056 .085 .060 .082 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

-- . -- . 
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"lJ'a-.l~'J~~'JJlI'v'l~'J~"lJ'a-.l n~11~tI1-.l'W1 ~~'amtl 8 ~~'a'WVi1JlflJ~'J ~~m'l ~'aAbC9l1~ A'af1.~"llI~i1(?1 ~e.JI~, 

Post Hoc Tests 

Homogeneous Subsets 

a
Duncan

Treatment N 

1 2 3 4 

5 3 1.9200 

3 3 1.9533 

4 3 1.9633 

2 3 2.0367 2.0367 

8 3 2.2400 2.2400 2.2400 

6 3 2.3133 2.3133 2.3133 

1 3 2.5767 2.5767 2.5767 

9 3 2.7033 2.7033 

10 3 2.7133 2.7133 

11 3 2.7633 2.7633 

12 3 2.7667 2.7667 

7 3 2.8000 2.8000 

13 3 3.1100 

Sig. .176 .056 .062 .072 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

-- . -- . 
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~ I I ~ 

']]'1:1--1 bU'1:IfboDi,ll9ln1~~ (?l b~'1:I1~ ~'1:Ifl~"llI,]]'1:1--1 n~11~m--1i,l1 b~'1:I'1:IltJ 
q 

8 b~'1:Ii,lVl1Jlfu,x'd b~'1:In b'1:l~ 'l[9l1~-

Post Hoc Tests 

Homogeneous Subsets 

Duncan
a 

Treatment N Subset for alpha = 0.05 

1 2 3 4 5 6 7 

1 3 .0000 

4 3 34.0002 

3 3 37.9800 37.3200 

2 3 37.9802 37.9802 

8 3 49.3200 49.3200 

5 3 56.6398 56.6398 

7 3 57.3198 57.3198 

11 3 57.3602 57.3602 

10 3 64.0200 64.0200 

6 3 72.0002 72.0002 

13 3 74.6438 74.6438 

9 3 76.0002 76.0002 

12 3 80.6398 

Sig. 1.000 .562 .089 .266 .308 .099 .229 

Means for groups in homogeneous subsets are displayed. 

8. Uses Harmonic Mean Sample Size = 3.000. 

-- . 
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Jl1fH.J'W'Jn '11 (Pl1'a1-!l.y1 8 1:J'b'ln1J'~lAJ'I~'lXfhvn'l~~~ LVlt.J~~ Oneway - ANOVA 'lJ!l'lA'JI~~'1 

'lJ'W1 V1l~'Wrhwf1'W6 n 'b'l1'1~1 ~'W~J'~C91UA!ln n ~'J'b'l~'JJlI~fi'J'WlVI-W!l ~'W ~'J'b'l~'JJlI~fi'J'W1~~'W 
'lJ 

" " ~'J'b'l~'JJlI~J''J~ ll'b'l ~ltl!l~flsD'Wt1lnlJ'~ V1l~!l1~ A!lf1.J''ll 1 'lJ!l'l n~11,j'm':)'Wllii!l!lliJ 8 l~!l'WVl1(?)~utr'J 
" 
l~tln l!l A L1'l1~ A!lf1.J''llll~V1~r.JI~VltJ':)~It.J~'W~ TAK8 lUllUUvll,:)1 

Sum of Squares df Mean 

square 

F Sig . 

Between Groups 851.702 12 70.975 17.741 .000 

Within Groups 104.019 26 4.001 

Total 955.722 38 

'lJ'WIV1l~'W~I'W 

f1'W6n'b'lI':)
'lJ 

, 
o 'V ~ a.,; 

'b'lIVl'WVlJ'~V1UA!lnn 

Between Groups 

Within Groups 

Total 

22.828 

2.150 

24 .978 

12 

26 

38 

1.902 

.083 

23.010 .000 

"" "",
~'J'b'l'll'JJlI~~'J'WlVl'W!l Between Groups 3.842 12 .320 14.721 .000 

Within Groups .566 26 .022 

Total 4.408 38 

Between Groups .954 12 .079 20.025 .000 

Within Groups .103 26 .004 

Total 1.057 38 

Between Groups 8.445 12 .704 17.097 .000 

Within Groups 1.070 26 .041 

Total 9.515 38 

ltl!lflsD'W[?]n1J'~C9ll~'B Between Groups 650.156 12 54.18041 .158 .000 

1~!Pl'Bf1.J''ll1 Within Groups 34 .226 26 1.316 

Total 684.382 38 

..- ". ..- . 

Jl1FH.J'W'Jn'1l (Pl1'a1-!l.y1 9 ~'b'ln1J'~lAJ'I~'lXAIVlI'1~~~ LC9lt.J~~ Duncan's Multiple Range Test 

'lJ!l'l V'"l'JI~~':)'lJ'B'I n ~11,j'm'l'WIlri!l'B 1t.J 8 l~'B'W~1(?)~utr'J L~'BJ'll!lV'"lL1'l1~ V'"l't)f1.J''llll~ C9llt.JI~VltJ'I 
'lJ , 

http:Pl1'a1-!l.y1
http:Pl1'a1-!l.y1
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Post Hoc Tests 

Homogeneous Subsets 

Duncan
a 

Treatment N Subset for alpha = 0.05 

1 2 3 4 5 

4 3 23.5433 

2 3 27.5667 

1 3 27.6200 

7 3 27.6933 27 .6933 

3 3 28.1700 28.1700 28.1700 

5 3 28.4467 28.4467 28.4467 

6 3 28.8867 28.8867 28.8867 

9 3 31.4333 31 .4333 

11 3 31.4467 31.4467 

8 3 31.7200 

10 3 37 .2533 

12 3 38.6000 

13 3 39.8000 

Sig. 1.000 .484 .051 .064 .152 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000 . 

..- . ..- . 
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I I I i.t 

'lI'f)~'lI'Wl{?)l~'WeJl'W~'WtJmn~~1 ~'\"l'vh:::C?iu r1'eJ:i'1 n'll'f)'.:In~11~tJl~'Wll~'f)'f)ltJ 8 L~'f)'WYl1Ji'f'IJ,r'JL~'f)
'\J q 

Post Hoc Tests 

Homogeneous Subsets 

Duncan
a 

Treatment N Subset for alpha = 0.05 

1 2 3 4 5 

3 3 3.7100 

2 3 3.7600 

6 3 4.0600 4.0600 

7 3 4.3867 4.3867 

4 3 4.6133 

1 3 4.6800 4.6800 

9 3 4.8467 4.8467 

5 3 4.9000 4.9000 

8 3 4.9133 4.9133 

10 3 5.1800 

11 3 5.8400 

13 3 6.0200 

12 3 6.1667 

Sig. .170 .176 .057 .066 .200 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000 . 

-- . -- . 
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, ," 
'lJ'tl-:J3-J'J~~'JJll~~'J'Wlt-1il'tl~h'!'lJ'tl~ n~11~m~'WlliJ'tlmtJ 8 l~'tl'WYi1~fu~'J l~'el~ll'tl (P) t[?]13-J (P)'el~h,]1• 

Post Hoc Tests 

Homogeneous Subsets 

Duncan
3 

Treatment N Subset for alpha = 0.05 

1 2 3 4 5 6 7 

4 3 1.3167 

6 3 1.5100 1.5100 

3 3 1.5500 1.5500 

5 3 1.6233 

7 3 1.7033 1.7033 

2 3 1.7667 1.7667 1.7667 

9 3 1.9133 1.9133 1.9133 

1 3 1.9633 1.9633 1.9633 

8 3 2.0200 2.0200 2.0200 

11 3 2.1100 2.1100 2.1100 

12 3 2.2333 2.2333 

10 3 2.2833 2.2833 

13 3 2.3700 

Sig. .077 .066 .057 .063 .147 .054 .057 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size =3.000. 

-" 
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r\1rll:J'W'Jn "1J 1?l1~l-!1~ 12 [:,J~n1:i'~bfD1n::;tfA1V11'1~~~ 'l(,9)t1~fi Duncan's Multiple Range Test 
, ," 

'1J'f)'I~'J~~'JJl1~~'J'W1~~h,l'lJ'f)'I n~11~m,rw1 bij'f)'f)1t1
q 

8 b~'f)'WVllJlful.r'J b~'f)n b'f) fD1 'l1?l1~fD1'f)fb"Jj1 

Post Hoc Tests 

Homogeneous Subsets 

a
Duncan

Treatment N Subset for alpha = 0.05 

1 2 3 4 5 6 7 

4 3 .4133 

7 3 .4967 .4967 

5 3 .5200 .5200 

6 3 .5300 

3 3 .5700 .5700 

2 3 .6133 .6133 .6133 

1 3 .6567 .6567 

9 3 .6633 .6633 

8 3 .6967 .6967 

10 3 .8000 .8000 

11 3 .8333 

12 3 .8567 

13 3 .9667 

Sig. .059 .051 .108 .150 .055 .308 1.000 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 3.000. 

-- . 
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, ," 
~j'el'll-J,)'Cl~,)Jll'W:i',)l-J"]j'el'l n~11~tI1'11.Jl b;J'el'f)1LJ 8 L~'el1.JV11~fui') L~'eln L'elflb(;11l-Jrl'el;h"JI1L~(?)L~1:;• 

Post Hoc Tests 

Homogeneous Subsets 

a
Duncan

Treatment N Subset for alpha = 0.05 

1 2 3 4 5 6 

4 3 1.7300 

7 3 2.0400 2.0400 

5 3 2.1200 

6 3 2.1433 

3 3 2.2000 

2 3 2.3800 2.3800 

1 3 2.5767 2.5767 

9 3 2.6200 2.6200 

8 3 2.7167 2.7167 

10 3 2.9433 2.9433 

11 3 3.0833 3.0833 

12 3 3.0900 3.0900 

13 3 3.3367 

Sig . .073 .076 .073 .051 .412 .160 

Means for groups in homogeneous subsets are displayed . 

a. Uses Harmonic Mean Sample Size = 3. 000. 

-- . 

http:n~11~tI1'11.Jl
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l; I I j.I 

"lJ'fN L,J'tlfL~'W~n1J'~ ~ L~'tl1~I"l'tlfl:i'"l!I'lJ'f)~ n~11~m~'W1 L~'tlmlJ 
q 

8 L~'tl'WVi1~f1J,r'J L~'f)J'1 L'tl AL!?l16-J-

Post Hoc Tests 

Homogeneous Subsets 

Duncan
a 

Treatment N Subset for alpha = 0.05 

1 2 3 4 5 6 

1 3 .0000 

3 3 31.9799 

2 3 32.6382 

4 3 35 .3364 

8 3 54.0000 

11 3 60.6600 60.6600 

7 3 64.6777 64.6777 

5 3 65.3433 65.3433 

10 3 66.6608 66.6608 

9 3 72.0000 72.0000 

13 3 81.6778 81.6778 

6 3 85.3438 

12 3 88.6834 

Sig. 1.000 .582 .052 .081 .109 .229 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size =3.000. 

-- . -- . 
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7.1 ~'JVlihLm~nJ:r';j~m1'f)~ 

- nJnbtJn microsatellite Marker ~hVlfujlb'f)rlLI?l1lJrl'f)fh"lllb~Vlbtn~ Astraeus hygromelricus 

UVl~~'Vl'W n'f)~'Vl'W~W-J'Wl~ntJJll'Y-l m~l~tJ1mJ ~n'J (2548-2550)
q q 
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q q 

- nJ~tl'f)tJMntJ'Vll~~lhJll'Y-l'lJ'f)~ bb'f)'Vl :i'1~'WLVltJ J1 


bbVl~~'Vl'W 'Vl'W90 tJ '"lYll'Cl~mrW~Vll';j'Vltn~tJ
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7.2 ~i'JlJ~~tJlwt~:i"m1:i'~~m1'e)'1 

- n1:i'~m11m1lJVI~1nVl~1tJ'lJ'e)'1nb'e)~t17l1lJ~'e)~h~11'Wlhb~'1~'1 'e).b~tJ'I'6'l1 9. tl1'W 

bbVl~'1'Vl'W 9fi{j1~~nnUlJVl1~'VltJ1~tJ
q q 

, 
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e-J~'11'W~~tJ~ be-ltJ LLvd1'W'J1:i''6'l1:i'tJ'e)'WVI~'1 5 tI 

Karnchanatat, A, Petsom, A, Sangvanich, P., Piapukiew, J., Reynolds, C.D. Whalley 

AJ.S.and Sihanonth, P.2007. Purification and biochemical characterization of 

an extracellular ~-glucosidase from wood-decaying fungus Da/dini 

eschscholzii (Ehrenb. Fr) Rehm. FEMS Microbiology Letters 270: 162-170. 

Karnchanatat, A, Petsom, A, Sangvanich, P., Piapukiew, J., Whalley, AJ.S., Reynolds, 

• 
C.D., and Sihanonth, P.2008. A novel thermostable endoglucanase from the 

wood-decaying fungus Daldinia eschscholzii (Ehrenb.:Fr.) Rehm. Enzyme and 

Microbial Technology 42: 404-412 . 

Pornpakakul, S, Suwancharoen S. Petsom A, Roengsumran, S., Muangsin N, Chaichit, N, 

Piapukiew J., Sihanonth P., Allen J.W. 2009. A new sesquiterpenoid metabolite from 

Psilocybe samuiensis. Journal of Asian Natural Products Research 11 : 12-17 

Pechwang J, Sihanonth P, Pornpakakul S, Muangsin N, Piapukiew J, Vangnai A, Chaichit 

N, Chuchawankul S, and Petsom A 2010. Biotransformation of ent-kaur - 16-en-19

oic acid by Psilocybe cubensis.Natural Product Reseach 24: 905-914. 

Chaeprasert S, Piapukiew J, Whalley AJS. and Sihanonth P. 2010. Endophytic fungi 

from mangrove plant species of Thailand: their antimicrobial and anticancer 

potentials . Botanica Marina 53 : 555-564 

Wipusaree N, Sihanonth P, Piapukiew J, Sangvanich Pand Karnchanatat A2011 . 

Purification and characterization ofaxylanase from the endophytic fungus 

Alternaria alternata isolated from the Thai medicinal plant, Croton oblongifolius 

Roxb. African Journal of Microbiology Research .5(31) : 5697- 5712 
:.--

Thongkaew S. , Sangvichien E., Sihanonth P., Someya T, Piapukiew J. 2007. 

Distribution and cultivation of mycobiont family Trypethliaceae (lichen-forming 



62 

fungi, Ascomycota) in Thailand. International Symposium on Microbial Ecology. 

Asia 2007,15-17 September 2007. Ehime Univ.,Matsuyama, Japan.• 
Nitsakulkan T., Piapukiew J., Palaga T., Someya T, Whalley AJ.S, Sihanonth 

P.2007. Bioactive compounds produced by actinomycetes isolated from 

herbivore dung in Thailand.lnternational Symposium on Microbial Ecology. Asia 

2007, 15-17 September 2007. Ehime Univ.,Matsuyama, Japan. 

Yomyart S., Piapukiew J., Wu B., Hogetsu T, Sihanonth P. 2007. Community structure of 

ectomycorrhizal fungi in a dipterocarp forest in Thailand. International Symposium 

on Microbial Ecology. Asia 2007, 15-17 September 2007. Ehime Univ., 
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