
~ ~

J ",;I~I J:.J (,$JJ.r. Glomus intraradices J~~~JI (,$Ijuho [.)';.;JU

.YJ~1 r-iJ ~x3 o'-:f J~ (,$jy~~ J (,$"w'J(,$~?IJ~ ~.r.

~;zo~lS ~ ~
* ~

I L;. 1.1- ,)IJI J~ ~ I~ ~1
J ..r--;.J. .~\

..., L:.;~j 'J.J 'fP .J.S:..;,;b'YJ;I.~I,) 'YJ;I

1\\/vr. :.}-f.~ t:'.J\; 1\\/ur \ ..:...>l;.),) t:'.J\;

o~. .
.)':J§-.y) <.SIY-)H [..;\.9)1 Jlk.. <.fil.».»1> .:JLe.\$~J -.W)<.SJ.)f,J:-o)I..s..: 1<.S)J.;-P.;-:?~ c.>:.;p::.dS'

<.SLe.O~) ,.ut J "":"'.J ~ J .; .:JjJ J..:.9 jI <.S-t,JY..J::-!J -.W.) <.SLe.?I.)~ ..? f, f, Glomus intraradices

.;I"; ..r.)f, >.).Y'f.J:-">\5" ~ ~ i.xS 0\$ » .Ji1~1 ..;:::.J Le.~ .:J-,="""I~I.;; 'j5 ~J.;; 'j5 .J.:..9'<.S? P

JYJ~ ro...vo.,ro.,.; :.) i.J:-">\5"..:..J:iU,)~J (~\Y.J§::...;-:? J ~ly.J§::..) .)L..:;J> jl 0>LA: 1 4 ~t..)1 ..;..j.J

4 -.W.)~\jl c.>:.;.» i .J:-">\5"<'sJ\;..~t..)1 JJ.>... J ..cl5'.J-A~I.l$:. J~ jl ~~ 4 o-.W .)L..:; .:JLe.\$ .J...Z i\.::..il (f .J:-">\5"

.5 f, .x,>.;5' J...Z.)..1...<>.»V. \j \. ~ ":""?.)J (~ : jJ.) H:\' <.S.)YO.)J>J >I.J ..;;t "-':-» W \j rr ~t..> O>J...I>...o

ilX,IJ ~.) ~ J .; .:JjJ f, <.S.)b...i-"-")1 .)':J§.-. y.) <.Sly.J§::..i.)u ..s -.Wo..u.\..:....J...Z..r)f, ojJ) \. .:JLe.\$"":"'.JJ

"":"'.J J}> ,~ f.J:-">\5"..:..J:iU,~Iyl 4 '>.P if i.J:-">\5"~ ";;")1 ..;...>\5"""~ [..)u.)~ ~.J~ ,o..::..;,b~I.J-A

.:JLe.\$ .) > ~) J}> ..;...>\5",..;:::. <.fiI "" t--' ~ ) > .>.P ~ o..u.\..:....ut J}> .)> .;1~ ..;...>\5"J J ,~~ if ";"'>\5"

'i .J:-">\5"..:..J:iU,~Iyl 4 ol.r-'" ..s >b .:JL:..;~ b J a ~J)5 <.SI~ ~ ...: 1~IY.JH';-:? .:JLe.\$j\ ~ "':"""';')A-"

jl.; 0::04~~IY.JH .:JLe.\$» ";"'>\5"<.filt..1.~~ if ..;...>\5"~IY.JH';-:? r-'"J ~IY.JH .:JLe.1$» ('-'"~J)5' .:J\J=-'

.:JLe.\$<.SLe.~)J Le..ut .» j5 ~J.;; J j5 .J.:..9<.SI~ ,p ..:.Jlli. ~Iy\ 4 o\.r-'" ...: 1 ~IY.JH .;-:? .:JLe.1$

~IY.JH .;-:?J ~ly.J§::.. .:JLe.\$~I.J-AilX,\J Le."":"'.J.» ~..uT <.S>.:J}t...;I...L<..,~ .~~ if ~Iyl ~IY-.)H

J-L;, bj ~ <.SLe.r-:-yT~w ...u.> if .:JL:..;~Iyl Le.~ .:J-,="""I~I.;; jl ~L;, .:JI~ i .J:-">\5"~ ~

t..1,ci~ ~Iyl ~ ~\Y-.)H .;-:?J ~Iy-)§::.. .:JLe.\$(APX) jI~l.;; .:..4)§-.T J (GUPX) jI~l.;; J§~~

~T ..1...<»>,p..:..J:iU, ~Iyl ~.» ..s -.Wi}...o ~~ ...: 1.;':J4 ~IY-)H .:JLe.\$.» ~yT <.fil~w ~lyl

.» X,ly if .)':J§-.y) <.SIY-)H [..)u ..s >.P if >R ,~\:;; <.fil~ f, .J.:S if 1~ <.S.)b...i-"-"";"'>\5"~ljUH

.J.:S.5-,.S i.xS .?I.)j 01$ "" i .J:-">\5"~ ~

. i.xS 'i.J:-">\5"'~J)5' , j5.J.:..9,IY.JH : <.S-YS"<.SLe.o.)IJ

jakhara@yahoo.com :~J..?JI":",,,,;,'4, \ Ht \ tv\r :...,...w.:r<t ,J.f-o o~y *

4.4~

01)::-" .» (,f..I..r.~ J .x.:S <.5' >~I """::""..JJ ..sI.:> ~

.)~ 0Le.~ J> ~T ~ J ~ djU <.5"".i-">

,.)':J~y.) <.f.lju* u~~1 .J.jl ~I yl:>-

f, L5..u:.L..l;.db ,..sI.:> .» ~ djU L5':J~ L5~

.>.)b ~j}Y.:!J~ J ~(5)J~ L5Le.~T}

~ .h~) ~ ~ ~by:- Y <.f.ly'.)* L54-o;.)L;
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~1..r.:iUi.r-d5 .(a) ::.Y if J+::- J Jy .;\::;.:.L... .;::'

if ::.~I lS~ 0J::""'1~1y; lSWI ~ ~L.:.s- ::.~ .;::'

...l:5

::'y if ~.; ::')J JJI i.r--::.15,~ ~I~ y.. .: .;::'

jl J-.=ol>-,-;-::-,,1,~ jl j;; il,.t;1<.7.,1\t~1 ~ .;::'J

.::...;~ ~> jl ~ ~~ i.r--::.15...l:5 if ~p:; I.; i.r--::.15

lS'l~ .;::'::.~.Y' lS4=:-9~~ J .::.y5 ~~ ~ ~.; ~ t.5-'y"

J 4S..r. 0D .J} '<..r"!jJ)5 .~~ if JLA::;I...5l>-

~~ <.7.,.}..AA\..:...Ju J <.7.,..H- ,-W.; ~,.t;)::'j~

..s ...\ ; if ~ .~~ if 0~~ .;::' i.r--::.15 ~

A:". 0 JLA::;I ~15 L .1 ! ,'..A1 ::.. .< ~ . )5~ ...r-. J or"- (..T J':""'" '. <..r"!.;J

i.r--::.15 ~ y. ..s III ,y.1jl::5J::'';~ jl ~t- .D~

.;."k: :,;, J ::.::..?if 11,y.1 ::.~ ~ ~ ,::.Y if WI

..AA::' if )} ~ ~t; ~ I.;p.p lS~

.::.l..i: 1 J JLA::;I ',-;-,.b:- ..r. i .r--::.15..s .: 1.D .::.I::.0L.::..;

,-;-,1J (~ J ~.r.-- J y..i-j J ~~) f""~ ~ jI

jI ~t- ~~ P <.7.,1.::.)::.~ ~t; 0~~ .k Y

.;::' J:>-::. lS~yl 4W J-A15 J ~J)5 P ~

::.~I ':""""~J)5 ~ y'li. .;::' :,;, J~I ,COz " .:~

.(\ .) ..l:5if

~JJ J ,)I~

t jI .::.l..i: 1 ~ J ~::.L..a;S\...15c> u.;~ ~\..)

J.Y'J~ H.. J va. ,H. ,,}..P) i.r--::.15P ~

([';u '-;-'~ J .;~ .;::' J ( CdClz u.;~ i .r--::.15

ix5' lS~ ;1::...::...;.? i~1 )P .;~ .;::' (.5!ljUH

.D ~ ~ J) lSj';JL:S u~ j5J" jI ..s r .;~1~.;

(.t.,.::..;::.\.) ~...\ ~)5~ J~ jI .::.LA:""1 ~ ::'y.

.:..-:s b: llS~l.ill' .;::' 0::'.? '';~ )1 ~ J ,).poW>

~ .I~ .D cJpoW> 4 >\..01.ill'cJu,; ~ .;::'.D

'(.5!Iy..;H lS~l.ill' .;::' .D ~.; ~ ~\.. i.? a.

~ ~\.. ,.AAWlS~l.ill' .;::' J JW J r-1L...~ ~\..

J ~~ if 0~~ lS~ ~.; lS::'~ J ~ lSlT"1

J1l:... .;::' 0~~ D.; c.s~ .~Ijl 01.h .::..;-S .;."k:

..r. ~.;u <.7.,1.,.t;1.D ~L;. ~ dp ~ .::.}1

d;'; ~ .::.}llS45l>- .;::'D.; Jl>- .;::' 0~~ c.s~ ~.;

J ~ ~ .;::' ~ J.Z J .::'y. ::'~.Y' ~
d;'; ~ 01}.:-".x.:S if ~I ~ d;'; ~~I

d;'; <.7.,1~ 0~ ~ <.5""y: ::.01}.:-"~ ~ ...5l>-.;::'

~ jI ~1 JLA::;I c.sl..r. .~ (.5!l;ly u.;~ ..s ::.)::.

.(H)::.y if ~~ .,.t;j ::'~.Y' ~ J>-I::. ~ ...5l>-

<.7.,1J ,.t;1.~ ~.; c.s::.~ J i j'l c.s~ jlly..;H

.x.:S if ::.~I ~.; J ...5l>-Lr.:~ .1~) ~.;u

.;::' ~~ ~.h; ..r. 1y..;H )1 ..s ::'y if .;~ ~

c.s~ ~.; wl>1 .;::' ::'J..b...o .;L:.::;I c.sl)::. f""~ ::'';.Y'

Ju y.. .: ,~ d;';' )51 J ul.L..9 ~ jl .~

lS;'; c.s~ Y.. ~ ...5~ ~u ::.~ J ~ .D~ 4;>;-Y

jI ~ ~ ~...J .;::';.; )..\.i. JS .;."k: ,0~~ .;::'

~ ~ ~ ..: 1 ...5l>- jI c..;l>- .;::' ::.~.Y' c.s4=:-9~

.;::'Ix) ..l:5 if WI I.;~1~1 ~ ,.x.:S .::.}1ul;';

0.J..:-51JW c.s~ ;~ .x.:S ..I.;:Jyjlc.s-Wo;c.s~K.

.x.:S if ~ ( Reactive Oxygen species = ROS )

I.; c.s~1 0.J..:-51J~I c.s::'JJ.>-l; ROS lS~ ...b IJ

.;~ Oz ...s:..,,~ jl 'l." ~1 .-C.A::. if J-A15

...s:.."~ (HzOz) 0)J';~ ~Iy; ,(Oz) ~ ~
4J~::.I.; <.7.,1.,.t;y if ::.~I (OIr )~J';~ J~::.I.;

)::. ~llxj ,.t;1::.~.Y' c.sJl..Y'd::. ~.Y' .;::' ..:..J.Y')."k:

." ~ i:.:i I .'1 - 1.. <: \ l::.. ."'~..w1 j ,-)'-"..T- J V"" r-:--'; ~ I..S""'::'Y. '-" ...r If"'

~1 jl c.s::.I..tA;.,.t;Y if ..I.;:Jy ~~ c.s4Jy .;::' :,;,

..s x.:S~ r-+- .::. ~~ c.s4J~.Y' 01.h ~

.Y-' ~Lb c.s~JY; 4W J -C.A::.if ..r.:iUI.; 0) 0'-:::

if ~ ROS i~ <.7.,1::.~ J ~ .x.:S if k..tA; I.; c.sl

.~~ ~ ub ~.Y' c.sl..r. 'l~ c.s~ .;::' ..I;.jly

c.s~~1 J ~~ '~JY; ..I;.jly if ROSul:::5.}

~1..r.:iU~ ~ ~I J"I <.7.,1..s x.:S ~I I.;~ Y
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~ J."k-o ~ ~ .:'y. J."k-o :')J;;' dlp ~lS'

jl 0:'lA; 1~ ~ 4--J" .):. ...1..:--.)f-:} ~ ro ~ 0y 1

I£.°J IIr LS~Y' J~ .):. ?PJhl o~:.

0:'lA; 1 ~ ~~ .):.J 'LS.r.?ojl..\jl J."k-o ,-;-,l::-? yl;

.D ~t: b J a LSWJ)5 01):--y'..JLSU.JY''; jI

: (o.)l.=- LS.)y ,-;-,l::-=A)

Chla= ,,/VoAm-rffo.A,to

Chlb='A!I 'A,to -r/'\I.Aii~

.? .fJ.) jI 0:.lA; 1 ~ J."k-o LSu...ci LS.r.? 0j l..\j1

J."k-o LSU...ci LS..I..:--I.)J')~ U""LI r, J ~.)YiJ J-'

.? ~~.) ~ ~ J JI.)';.)';~,; :.~I ~

.(H) .D i~1

.D i,~1 LS.)) J.; .fJ.) ~ JS' ~Jf" LS.r.?ojl..\jl

0.D :.1) J ~Jf" .)J')~ U""Llr, ~L.) ~I .(H)

~ ~ .: 1 ~ Jf" 0L..:;;.:.L...):. :.y:-Y' 41 LSU...I..:--I

~~.):. .J:S if :.~I ~.) LS~ J.; uT-"

11' ~Y' J~ .):. J ? PJhl ~ Y. ~.) u.D

.:.Y. if LS.r.?0jl..\jILS? yl;

jl ~L; 01~ ,.y..tJI LS:' 0)L. ~ .)~

.fJ.) jI ~ p ~ ~ LS~ 0.J::-"1~1f"

'i.? ~ ' .fJ.) ~I .):. .(r'\) .D 0:'lA; I .}'Iy J il;y,

,. ..1..:--1~IJ)5 LS'; f-:} ~ £. .):. I.) c.5>~ .; ..:.J~

~ ..D ~.) ~L.) J) J>-b J 0~L.. (WN) ..\..p.):,

); '0. . .g .)J:'~j~Y:;L...):.~:. r. u~ u.J)

~ , ,J."k-o jl f-:} ~ ' ~ j~Y:;L..jl ~ ...:.J.?

~ ' J (WN) ..\..p.):,,. ..1..:--1~IJ)5 LS'; f-:}

LS'; .):. (WN) ..\..p.):, ./r ..1..:--1 ~.)B.)~Ji f-:}

JPl:>- J."k-o ..D <lJLPI ..\..p.):,,. ..1..:--1~IJ)5

,. u~ ~ J ..:.J.? )} G ,-;-,1.):.~:. r. u~

J~ .):.01 ,-;-,l::-J .D j~Y:;L.., g .)J:'~~:.

~~ .):. ..D LS.r.?ojl..\jILS? yl; I" J OH LS~ Y'

~I.ill' ~ .fJ.) ~ ~ ~L. ..D o:'Jyl o.DJJ\5yl

oJ.? jl 0.D ~ ~JI ~L. jI 0:'lA; I ~ J u.)~

u W:.:;J-L; J :.y. oJ..oI.: ~ Y..';;; 0l5:.:..iI:. L5"""l:,..:.5'\.';.

J 4!~..JJ ,u. '--!..) LSJl:>-~J-'I' u.)~ ~.) Y...)

o~ L. Y..) uW:.:; J [.).! LSU..).>;-"I,4!~y.)

r ~ .):. o:.j 001y:- .)~ A 01.ill' .T' .):. .:,y. ~I ~

0 ~ :.I..u.;~I u.~ ~ .D .o.;:.;.lS'...5l>-~ LS~L..

.):. J 0.D LS.)~I .)~ LSJl:>- LS~I.ill' ..D ...>:;:;:.~

,~.):. rr 00L:-=-LSL.:.J rv 00ljJ.) LSL.:. ~ .D.) .s:.;t;1

J ( filim-2 S-l YO u.D ~ LS.)y ~) ~L..H LS.)y O.)J:'

~ ".1...l:;.,1'1 ...\j:.<.D ..\..p:.y. t; I' . .:: '-'-" ..) f .).) ~ .Y.)

JJ ..\j.DLS.)~IP. ,-;-,1~ .hi.;ciA>J:' u~ 0u.~

.):. .)~ 0l.:-- .):. jJ.) ~ .)~ ,~ ~ iJ-' ciA> jl

ciA> .):. .)~ J d ~ ci4 r.::!U~ I~ J."k-o ~ ciA>

~ ..:Jl:>- .T' .):.) i Y.:":.lS' LSJl:>- ~ L.) J ."k-o ~ ;;.

I' .D.) o.)J:' J~ .):. ...\j.D .)~ (f-:) ~ o. ~
)..!.A..o~1Y...)h- LS4-o;)! LSJl:>- LS~I.ill' .):. ,0jJ.)

.):. ..D w..,..; d--'.J-'I' ~ .; LSIr,~I~ J."k-o .; ;

J I~ ~ jl 0u.~ ~..) J ~I~ 'i!..\jl .D.) o.)J:' 0~~

.D t."...;11.'1 ..s::,.'. . L-;. I. .. i. ~ LSJ.) r, ..)y Y..)-::!J ~ . ~ LS~.)r,

~ ..;s ..k> ~ ~I~ 'il..\jl J ~.) J~ LS.r.?ojl..\jl

~ jl ~ ~I~ il..\jl J ~.) .; 0jJ ..D i~1 LS?

~ J .D ~b... Jjl'; jl 0:'lA; 1~ dLPI ,-;-,10:..f

)} :.I.? ~L.. ~.):. y. 0JI .):. ~L.. LA u~

~jy ~ ' u. 00"""';J-lS' 0.D .5..::.>-jl ~ ...:.J.?

.J..oI.: ~ ~ 0jJ :.~

~ J ..\..p.):, A. ~I ..s: s ~ S r, jl ~J)5 C~I

i.? ./0 .(rr) ..:.J.? 'i~1 0.)..r.JJ J)u. ~ .fJ.)

t; .D 0..wL..0 - I . \ I..'. 1..!.A..oL S . ..:.JL'1.. .J-" ~ ~ .) . r, y' . .)

JPl:>- J~ ...\jL.~~ ~ ~lS' J ~.) If. ..:.J~ ~

~dlp ~lS'~ ,ulp ~ J dlp ~lS' jl 0:'lA; 1~

LSJ.) LSU.op.) t; .D d:. ~ ~:. f-:} ~ ,.
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~ ~~ J~ ~ .)~ ~j\ Lr.1 ..:..:JW .-L.:. oL,.;.1 ~I~I

~ ~.).Y'?ylj n. 1::.Y'J).- .)~ ?PJ~I

~~ .)~ .~y. ";-'~ J..;lyl ~ .If""" ..s .::.-J.J )}

J'p~l5'I;;; .Y-' J.Y' ~Y-P jl .~U:w.1~ ~j\ ..:..:JW

.-L.:.~t......

...}J.) jl ,lA.~.) ~ljU~ ~\ .l..p.)~ ~ (.$If.

..t.:,.) (.$lA.~.) .CH) -L.:. .~U:w.1~ .k.p ~"YU

w j; J.>-b .)~ ~~L,..; .)~ Jol: 0~.} ~ .-L.:. (.$)::.<\

..s:..s ~ J L>"~Lo) ,;-,) f-j ~ .J.j-L.:.A (.$f;

~.) J).- '-:-""" f. ~.) ~j-oJ' 01)::.<~ ~ ~l5

.k.p ~ ..s ~.) jl ~li; ~1.M,j.-L.:.~ ~j-oJ'

~li; ~ .-L.:..~~ J.j~y. .~;S ~.)y>-f. ~I J (.$~~

jl ~~ .)~ .J.j-L.:. .~~ ~I~ (.$.} ..t.:,.) .;; tf-\ ..s

~.) J).- .l..p.)~ ,lA.~.)y>-f. J5 ~1.M,jf. ~~ Lr.1~
~ (.$If. .)l5 Lr.1 .-L.:. .~j ~ (L.)u ~ ~j-oJ'

.CI'A) .::.-J.J ,~I )P <\,..,~ lA..)~

f' (.$1f.)P i ~J ~~L,..; S\..l5U.)~ ~Lo) C).

jl .~U:w.1~ (.$.)Lo\u~t ~ J -L.:.cl.J .)l5 ~ .)~

SPSS)yl ,} J C<U~ ~~)J .xJlj\) ~b 0.Y')

)yl ,} jl .~U:w.1~ lA.)~~ r.) J version 11/5

.-L.:.,~I Excel

~l:;;

('""'"..s ..lA~ 1.5" 0L::.; lA. .~b (.$.)Lo\.xJlj\ jl J.<>b- ~l::;

~ .-L.:. ~ 0lA.~ .)~ ('""'"J ~ly...J~ .r.? 0lA.~ .)~

~Iyl ~ J ,.J::"'~l5~ )1 .)~ ,Iju~ ~.)u ~~

.n ~) ~~ 1.5"~l5 ~lyA ,1J.j1J).- ;.U ~

0lA.~J Iju~ ~.-L.:. ~ 0lA.~ ~ (.$.)Lo\l5"'.)f.

...lA~~ 0L::.;Cp:SO.05)I.) (.$.)b ~ uJ\.4; ,..lAW

J).- ".J::"'~l5 .)~ ..s ..lA~1.5"0L::.; lA..~b (.$.)Lo\.xJlj\

~ ~j-oJ' 0lA.~ .)~ ('""'"J ..lAW0lA.~ .)~ ('""'"I.) ~.)

.)~ (.$.)b ~ uJ\.4; LoI..lA~ 1.5"~l5 ~.)u ~~

";-'~ uJ\.4; jI .~U:w.1 ~ ~..u\ (.$~ 0)Lo 01)::.<

mM -, '00 ~Y-P J 1::.Y'Jyk J~ .)~ (.$? PJ~I

.cr,,) .J..:.~.J~t cm

d~ ~J.jl ~ I~L...\...}J.) jl ..)L..= Lr.1 y; (.$If.

.::.-J~jl .} 0jJ ,.J . 10 ..s ~.; Lr.1~ ,Cr') -L.:..~U:w.1

J lA..)~ ~ jll.r .)~ ~lyA ,1J.j1 J ~.) ,1J.j1 f'

JLA::;I ~ ,,;-,\ J.>-b J ~r 0JlA. J.>-I~ ~ J 0jJ lA.)P

J-W }~ 7:! J::.. r' ~ 0JlA.J.>-I~.)~ .::.-J~.-L.:..~b

J::.. r' MgClz NI0 pH ~.)'j.Y' . I' 0 HCl-~.; }~)

J}>... .-L.:..~L... C.)'j.Y' J::.. , EDTA J .)'1.Y'

u~.)~\ ..:..:JW (.$~ .jlJ.j1 (.$If. ..s ..r.-I~I

.)'1.Y' J::.. . Ir (.$Jb- '~.P 1.5" .~U:w.I" jI~l.;;

u~ .-L.:.~ J}>... ~ .-L.:.~1.5"f.! u~.)~\

jI ..::.-J.J)) 0... g (.$J';;'~ .J~.;:;L....)~ ~~ r.

(.$~ .jlJ.j1 (.$If. ,\>. '.)L..= 01~ .u..."b- ~J.) J}>...

.Cr) -L.:..~U:w.101~1 ~\ (.$~j\ ..:..:JW

)P ,W .)~ CAPX)jI~l.;; u~.)~\ ~j\ ..:..:JW

d~ ~J.jl ~ bL...\ ...}J.) jI .~U:w.1~ lA..)~ J lA.

r/o ~ ..s ~.; Lr.1~ .Cr) .::.-J.J )) ~ ~.).Y'

J-W ) V pH ~ .)'j.Y' J::.. o. U lAj }~ 7:! J::..

. Ir ,(.)'j.Y' J::.. . 10 u~.)~\ ,.)'j.Y' J::.. . I' EDTA

..)L..= 7:! J::.. '1' J (WIV) .l..p.)~ , HzOz.;:JJ::..

.jlJ.j1 ..;;). jl ~j\ ..:..:JW.-L.:..~Jyl ~I~I ~j\

.~~ .k Y u~.)~\ 0-L.:. ~I (.$~

~ ..s -L.:.,~I ?ylj H. 1::.Y'Jyk .)~ ?PJ~I

J.Y' ~Y-P .~y. .If""" ~~ ~ ~ .)~ ";-'~ ~l5
. -\ ~

...l.;~1.5"mM cm rlA u~.)~ I .~J

J lA..)~ ,W .)~ jI~l.;; J'p~l5' ..:..:JW (.$~ .jlJ.j1

,~I ~1)5~.~ J Chang ...}J.) jl .~U:w.1~ lA.)P

f. .)'j.Y' J::.. o. U lA j } ~ j I .;:J J::.. r I0 .(I) -L.:.

, ,(WIV).l..p.)~'HzOz7:! ~ , 0\(.$J.) J dl~

~j\ '.)L..= .;:J J::.. . Ir' J .l..p.)~' J §~ l5'7:! J::..
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.,l;)~ J.:.!J)5 )..\l,. p jl ( p:SO.05)tS.)b ..?-- uJlZ

.( AJ V (.5~)

~.) ~ J ~IY' ,1.,l;1 ~ J5 Jy, (.51J,..t;.i)..\l,.

d~ (.5.)lo\~L;\ .~4 <f ~Ijl ,J::"'~1.5~ ~ .1rA'

AS ..u,~ <f 0 L.:.;~ L...J5 Jy, (.51J,..t;.i~ 1.y..f' (.51J,

(.5)~ ..?-- w~1 ~)~ ..:.~ ~ ...t.:.}.~ ,.;;g 01J,l;$'

(.51J,d~ If'.)y! .(~ ~) ~)~ ..u,L;. .l;$' ~ (p:SO.05)

.~~ 0L.:.;:x; IJ, ~.) J5 Jy, ..t;.i(.51~ ~ 1.y..f'

.l;$' J ..u,L;..l;$' Lr-: (p:SO.05))~ ..?-- U JlZ ~y:-J

.n. ~)..t.:.~ <f ~.)lj",:,~ ~...t.:..)~

~ > .)~ ~ J ~IY' ,I.,l;\ .)~ ~ ,IJ, .~b (.5.)lo\~L;\

01)::--~Iyl ~Iy..)h- J ~Ijuh- .d- 01J,l;$'tSlJ,

<f 0L.:.; ,J::"'~1.5(.5~ jl .? y! .)~ I.) J5 0-:PJJ!,

tS~I.,l;1 J5 0-:PJJ!, ~ 1.y..f' (.51J,.~b If'.)y! ...u,~

~ IY >h- . l;$'J ..u,L;. . l;$'Lr-:AS ..u,~<f LJL.:.;~IY'

.n' ~) ~).,l; ~Y:-J (p:SO.05) (.5)~ ..?-- uJlZ

.l;$' Lr-:45 ..u,~ <f LJL.:.;:x; IJ, ~.) J5 0-:PJ J!, If'.) y!

w~1 G.intraradices (i..)lj ~ ...t.:. .)~ .l;$' J ..u,L;.

.(H ~) ~).,l; ~Y:-J(p:SO.05)(.5)~..?--

~JJ\ (.5~0)lo )~ ..?-- ~Ijl IJ, .~b (.5.)lo\~L;\

<f 0L.:.; ,J::"'~1.5 ~ .db ~ I.) ~IY' ,\.,l;1 J ~.)

01J,l;$' ~IY' ,1.,l;1 J :..:.) .)~ .~lo 0:1 01)::-- J ..u,~

01J,l;$' jl ;;'J~ ~ Y Jlj .)~ ~Iy..)h-

IJ, d~ ~L;\ ,~IY' ,1.,l;1~.).Y'.)~ ...: 1~Iy..)h-.d-

U J lZ ~ Iy..)h- .l;$'J ..u,L;. . l;$'Lr-:45 ..u,~<f 0L.:.;

IJ, ~.) ~.).Y' .)~ .( n" ~) ..: 1 (p:SO.05) )~ ..?--

.)~ J .~lo 0:1 )..\l,. ~Ijl pL.:.; IJ, .~b If'.)y! :x;

.;:.:.:;~ (.5~ 0J::-'1~1J!, ~w ~Ijl ~

~IY>h- 01J,l;$'J ..u,L;. 01J,l;$'Lr-: ...: 1 ,J::"'~1.5

.(H ~) ~y::,~ .~~ (.5)~ ..?-- uJlZ

U~.)~\ ~y\ ~w ~Ijl ~~ ,.J::"~1.5~

J ~IY >h- .d- 01J,l;$'~IY' ,1.,l;1.)~ jI~lJ!,

.~~ ~Iy..)h- .d- J ~Iy..)h- 01J,l;$'Lr-: ~\.i.

.(T ~) ~y::,~

~IY' ,1.,l;1J ~ > ;; 0jJ ~1.5 ~~ ,J::"'~1.5~

~IY >h- .d- 01J,l;$'.)~~ J ~Iy..)h- 01J,l;$'.)~ ~

,I.,l;\ ;; 0jJ ~ 1.y..f' (.51J, .~b (.5.)lo\ If'.)y! ~.~y::, <f

J ~.)lj ..:.~ ~ ...t.:..)~ 01J,l;$'Lr-:~\.i..)~ J ~IY'

(p:SO.05) (.5)~ ..?-- uJlZ ~IY >h-.d- 01J,l;$'

y}L;\ J ,IJ, ~.) ;; 0jJ .('1"~)' ~y::, ~ ...u,\";""

01J,l;$' Lr-: 45 ..u,~ <f 0L.:.; .u..y..f' (.51J, .~b (.5.)lo\

uJlZ ..u,L;.01J,l;$'J G.intraradices (i..)lj ~ ...t.:. ~
.(t ~) .,l;).,l;~y:- J (p:SO.05) (.5)~ ..?--

0jJ ~.).Y' .)~ (.5.)lo\ ~L;\ jl j.Pl>- (.51J, d~ ~\.i. ~

0:1 ~ 0jJ 45 ~ <f ...u,\..; ~IY' ,1.,l;1~

.)~ 0\ ~ ~Ijl ~ .1rA' J ,.J::"~1.5~ ~ ,1.,l;1

01J,l;$' Lr-: ~ \.i. .)~ .~4 <f ~ 1.5 ..A lo) Jy,....

..?-- w~1 ..u,L;. 01J,l;$' J ~.)lj ..:.~ ~ ...t.:. .)~

(i..)lj ~ ...t.:. .)~ ,.;;g 01J,l;$' Lr-: (p:SO.05)(.5)~

~y::, <f ...u,\";"" ..u,L;. 01J,l;$' J G. intraradices

j~ ,IJ, :..:.) ~ 0jJ uJlZ ~.).Y' .)~ .(o~)

01J,l;$' .)~ ~ ".J::"~1.5 ~)I .)~ AS ~ <f ...u,\";""

~ 0jJ ,~Iy..)h- .d- 01J,l;$'.)~ ~ J ~Iy..)h-

~ 1.y..f' (.51J,.~b (.5.)lo\~L;\ .~4 <f ~1.5 IJ, ~ >

(.5)~ ..?-- uJlZ AS ..u,~ <f 0L.:.; IJ, :..:.)~ 0jJ

J G.intraradices (i..)lj ~ ...t.:. ~ ,.;;g 01J,l;$' Lr-:

.("\ ~) ~).,l; ~Y:-J ..u,L;.01J,l;$'

<f 0L.:.;bJ a J.:.!J)5 (.51~ ~ 1.y..f' (.51J,d~ ~L;\

J ..u,L;. 01J,l;$' .)~ ~ J.:.!J)5 tf J~ f> 0\)::-- AS ..u,~

~1.5 ,J::"'~1.5~ )1 .)~ '(i..)lj ~ ~\ 01J,l;$'.)~ ~

~Iy..)h- 01J,l;$' .)~ J.:.!J)5 01)::--J5 .)~ JJ ~4 ~

.)~ ...: 1 ~Iy..)h-.d- 01J,l;$';~ 0\ 01)::--jI ;;'J~

01J,l;$' J Iy..)h- (i..)lj ~ ci4 ~ 01J,l;$' Lr-: ~\.i.

..u,L;. 01J,l;$' J ~IY >h- 01J,l;$'45 ~ <f ..u,L;.
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I I

I :11
i 1251

I

i 20 i
I j 151

i 10

E:l250J,lmol i.2500J,lmol
[J OJ,lmol
11750J,lmol

5

0

control G.intraradices

f.x$ .1$ : ) J)...r. f~~lS" .10)5..:.."l..<:;..lS~ ~\; (r ~
iSE }"s:; ~I".o \... .~b) 1..,;.<.F-Iy...)~ " <.F-Iy...)~ .d-

(.: ,.1

I 2.5 l
I i

I - 2!

1

.9
~ 1.5

8
i

[J OJ,lmol
III750l.lmol

101250J,lmol
. 2500l.lmol

0
control G.intraradices

cf.1."...fl..(;I'; <Jj"..r. f~~lS" .10)5 ..:..,,1..<:;..lS~ ~\; (i ~
).r<;"", ~I".o \... .~b)<.F-ly...)~" <.F-Iy...)~.d- f.x$ .1$

(.: ,.liSE

0 250llmol
. 2500llmol

G.intraradices

: ) .; <Jj"..r. f~~lS" .10)5 ..:..,,1..<:;..lS\... ..::...I:lli-~\,; (t ~
)P ~I".o \...d~) <.F-Iy...)~" cf.ly...)~ .d- f.x$ .1$

(.: ,.liSE

rl..t,;1.J:' ~jT tf-I ~W :'.J.Y'.J:' .:.y::. <5"u:!ly,..;*

0kl$ J .MoW0kl$ ~ ~ :.y::. <5" o.MoL:...u:!1y.

;:JeT .n o~) .: 1 ):. ~ w~1 ,u:!lju*

tf-I ~w ~;"h.91 :r.; 0kl$ ~,..; .J:' k o:.!:. lS.J~T

.J:' ~ J .MoW0kl$ .J:' ~ ,~ ~ ol.rA I.J ~jT

.J:' ~jT tf-I ~w ..Mo:'if 0L:.; u:!lju* 0kl$

G.intraradices ~}:; ~ o...\..Z~ 0kl$ lSk ~,..;

.( ,"\ ~) .: 1.MoW0kl$ jl ;;'j~

0kl$ oL... jI..t:-Sl.;; J"{4~ ~jT ~w J..:.lyl

~ J r.J:"':'lS'~ )1 .J:' u:!ly>* 0kl$ J .MoW

.J:' ~I ,( p:SO.05).: 1):. ~ p tf-I ~ J..:.lyl

u:!1y'.J* 0kl$ .J:' ~w J..:.lyl tf-I ~ ..:..J[;..

0lAl$ J .MoW0kl$ ~ ..: 1 .MoW0kl$ jI ;;'j~

.(\V~) .: 1(p:SO.05)):. ~ w~1 u:!1y'.J*

~ ~ ol.rA :r.; lA ~.J .J:' ~jT tf-I ~w :'.J.Y'.J:'

J..:.~) J}> .J:' P tf-I ~ J..:.lyl ~ J r.J:"':'lS'

0kl$ ~ :r.; ~I .J:'J ~4 if J..:.lyl ~w 01~

(p:SO.05) ):. ~ w~1 u:!1y'.J* 0kl$ J .MoW

.('A~) ...\..Z~if

u:!ly,..;* ~T ..l.p.J:' <l: ..by...!""lSk 0:.\:. 1.5"'.J..r.

if;.Ju ;.1 ~ ~J-A' rxS 0kl$ .J:' ~.J

J..:.lyl ~ ol.rA ~ .Mo:. if 0L:.; G. intraradices

..l.p.J:' ~lS' ,~~) J}> .J:' r.J:"':'lS' P ~

.(' 1\ ~) .: 1):. ~ ...i-:.J-A'

60, ~~~g~~~~1

0
control G.intraradices

I
J

.1$ cf.1."...fl..(;\J)...r. f~~lS" .10)5..:..,,1..<:;..lS~ ~\; ('~

iSE )p ~I".o \....~b) <.F-Iy...)~" <.F-Iy...)~.d- f.x$

(.: ,.1

0 omol

0.2511

111701lmol

0.2

:§ 0.15

I
1) 0.1
f

0.05 I
0 J

control
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\'rAY J4! ,y IJW ,y\ .u.:-

12 ]- 10

I~ 8
";CI)

Cl) 6
.s
,g 4
:c
CJ 2

0

I oOlJmolBl750IJmol
(J 250IJmol I- 2500IJmol I

control G. intraradices

..i~b J:>-,)5 ,:,I.r.-.T.i-"",,~\5"~)5 ...:..-,l.<:..lS~ ~b (AP
J.f; "-' ~l:.o lAI~b) If-IY-..ih -' If-Iy...;h .d- i.x$ .I,?

(..: 1:tSE

90

§' 80
c 70

";CI 60
Cl
.§. 50
!ii 40Cl
iiJ 30

'0 200
~ 10

0

0 250IJmol I
. 2500IJmol J

control G .intraradices

lSlA..I:JJ..t.<...T.i-"",,~\5"~)5 ...:..-,l.<:..lS~ ~b ('\ P
If-Iy...;h -' If-IY-..ih .d- i.x$ ,:,lAl,?If-IJ-"il"t;I..i~J5 Jy,....

(..: 1:tSE JP "-' ~l:.o lA d~)

lSlA..I:JJ..t.<...T.i-"",,~\5"~)5 ...:..-,1.<:..lS~ ~b (1. P
lA .~b) If-Iy...;h -' If-Iy...;h .d- i.x$ .I,? ""':"'...;J5 Jy,....

(..: 1:tSE JP "-' ~l:.o

':'1.Ji.1..r"W ~j .J..:...

13250IJmol I
- 2500]Jmol ,

G.intraradices

il"t;1 ~ ':'J-,.T. i.>:"~\5"~)5 ...:..-,1.<:..lS~ ~b (0 P
"-' ~l:.o lAd~) If-Iy...;h -' If-IY-Jh .d- i.x$ .I,? If-IJ-"

(..: 1:tSE JP

11
J I

I

1

rJ 250IJmol

- 2500IJmol

G.intraradices

~J ~ ':'J-'.T.i-"",,~\5"~)5 ...:..-,1.<:..lS~ ~b ("i P
JP "-' ~l:.o lA.~b) If-Iy...;h-, If-IY-Jh.d- i.x$ .I,?

(..: 1:tSE

n
I 25

I -~ 20
I 'CI

I E15

0 0j..Imol
l1li 750j.!mol

[] 250j..lrTiOll---l. 2500j..lmol I I
I
I

i
I
!

-
c
! 10c
0
u
('4 5

:E
u

0

control G.intraradices

J~ a J:'-,)5 ,:,I.r.-.T.i-"",,~\5"~)5 ...:..-,1.<:..lS~ ~b (V P
JP "-' ~l:.o lAd~) If-IY-Jh -' If-Iy...;h .d- i.x$ .I,?

(..: \ :tSE

0 omol
fJ250IJmol I lBl7 OlJmol - 2500IJmol

...L..

I

1
I
I
I

control G.intraradices i
I
I
I

0.3l
i 0 omol

mol
0.25'

§ 0.2

3:
Q 0.15
-g0..c 0.1III

0.05

0

control

OOlJmol

0.0711 IS750IJmol
0.06

0.05
"6i

i 0.04
Q
-g 0.030
.. 0.02

0.01

0
control
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1001-'1101 (;j 250~molli! 750~0I . 2500~moll

~ 80
~u.70'"
'060
E
.:!:50
'!i 40
g 30
0

~ 20
:!! 10

~ 0
control G.intraradices

c.S~,))L. ,)Ij::-'..T.r--""~IS"~)5" wJl<:.. c.S~ ~t; (If. ~
~l:-- t.. .~b) ..,!Iy...;h J ..,!Iy...;h .d- rxS .t$ ;.,...;..I:'JJI

(-: 1:tSE ./~ .....

~ ~1.~

1

1

~u.
i "",0.8
x"
~ .s0.6- E
g 'E°A
~ ~.2

I0 O~mol EJl250~mollli 750~mol . 2500~moll

0
control G.intraradices

~;I ~W..T. r--""~IS"~)5" wJl<:..c.S~ ~t; ('° ~
J ..,!Iy...;h .d- rxS .t$ ..,!IJ"rl..l;ljlJ"...Sl..r.w~J~1

(-: 1:tSE )p ~l:-- t.. .~b) ..,!Iy...;h

1001-'11011:3 2501-'1101117501-'1101 11 25001-'l101l

1.2

~1
~

E ~8
E

! ~.'">
iM
)(
::: ~2

g
~ 0

control G.intraradices

~jl ~W..T. r.J:"~1S"~)5" wJl<:..c.S~ ~t; (\i~

"'!\y...;h J ..,!Iy...;h .d- rxS .t$ ;.,...;jlJ"...Sl..r.w~J~1

(-: \ :tSE )p ~l:-- t.. .~b)

35

~30 l
'&25 ]
Cl
E 20
C-
S 15
EQ.10
g 5.c
11)

0

0 250IJrnol
. 2500IJrnol

control G. intraradices

JS" ,:r.:;J..r.).J..i...T.r--""~IS"~)5" wJl<:.. c.S~ ~t; (" ~
~l:-- t..d~) ..,!Iy...;h J ..,!ly...;h .d- rxS .t$ ..,!IJ"rl..l;l

(-: 1:tSE )p .....

25-
~ 20
'Cl

l15
c
'ijj 10e
2' 5
0e

0

control G.intraradices

JS"I.J:dJ..r.).J..i...T.r--""~IS"~)5" wJl<:..c.S~ ~t; (H ~
~l:-- t.. .~b) "'!\y...;h J ..,!Iy...;h .d- rxS .t$ ;.,...;

(-: \ :tSE )p

I
I
I ~20 1I ~.. 18

"5 16

.§, 14
~ 12
{! 10
g 8
« 6
§! 4
1> 2
0

~ 0

I0 O~mol El 250~moI1!l750~mol . 2500~moll

control G. intraradices

c.S~,))L. ,)Ij::-'..T.r--""~IS"~)5" wJl<:.. c.S~ ~t; ('1" ~
t.. .~b)..,!Iy...;h J ..,!Iy...;h .d- rxS .t$ ..,!IJ"rl..l;l..I:'JJI

(-: 1:tSE )p ~l:--
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~ J ~J" ~ JyL. ~ ,.\$ JS..L.:.,;,~

..L.:.,; ,;;) ~t; .n.) ;)).15'1.5")\ 0~\$ ~ J ..L.:.,;

~I .;)~ ...f)}' iY-"";)lS'~ ~ tS~ ~L:.; jll,; 0~\$

wlyU .s .AA;)1.5"0L:.; cl.J u';.)4' uW\.k.. .(rI)

tS~ y::-" J7.yk jI tSJ,; J ~ 'i Y-"";)lS' .x..;\.. ~
tS4u~l; jJ.r. ..: ~ ;)1) tS4J~;)I,; ~ Y J ~I.I.;-SI

<5".\$ ..L.:.,;~lS' ..: ~ ~ ,;;) J ...L.:. 1.5"Jjy J.;5

~lS' t. y>S' .s .AA;)1.5"0L:.; ~l:;; .(W J n) ;);).J

0~\$ jl y S ,-s:hu~ 0~\$ ,;;) oL... J .l..:..UJ~

,-s~h:.';~ 0~\$ ~ ..L.:.,;01y 1.5".f.-I.r.~ ::-..1.AALz

"-: 01 (f" y: ;) J .\$ tSl "':...L<;~ J ;)~ "-: .1y.J" I,;

.\$ ~ ..L.:.,;~ y ~ 0~ ,~I;) ~Ijj, f"'~

, ~Iy'';~ "-:~I 0~\$ ,;;) ~yk jI .;)y!;. 1.5"0~j:-A

i..\so J ;)y ,;;) )! tS)~ ~ ~,;;)li ~,;li tS~

yU ~ ~lS' ..: ~ .\$ ~ J>-b "-:01 J~I

il~1 J ~,; .r. iY-"";)lS'y.~ ~t; .nQ,) .,\jy!;. ~
~~ ~I ,;;) .s ;)b ~ J"I .f.-I "-: 01y 1.5" I,; ~IY'

~ )..lio J ~l:. 1.5"& ~,; ,;;) i Y-"";)lS'~\$ tS~

...::-..1...L.:....f)}' ,(r" J 'A) ;)y!;. 1.5"JC..- ~ $.r. "-:

.r.1.r.,. \; 0 ..c:; ,;~ tS~ """':"'J ,;;) iY-"";)lS' & .s

r .hA.;y,; l:.y" .\$ ,;;) J ...::-..101 ~IY' il.,\jl jI J.:::

.(r,) ;)y!;. 1.5"JC..- ~.r. "-: ...L.:. ~~I iY-"";)lS' ...l.,o,;;)

~IY' il.,\jl ~ J ;; 0jJ tS.;:? .j l.,\j1jl j-Pl>- ~l:;;

,;;) ~ J .AALz.\$ ,;;) ~ .s .AA;)1.5"0L:.; ~ ~,; J

~ .1rA' ,G. intraradices [.,;li ~~ ~ ...L.:. ~ .\$

;)~I ~ ,;;) J ~Ijj, J~ ,;;) iY-"";)lS'~ J..:lyl

.~l:. 1.5"~lS' il~1 J;) fb ~ J ;; 0jJ ~

~ y.\::.. J ~ ,? P ,;~ J~I ~~I ~ iY-""~lS'

J~~ .s ~y!;. 1.5"..L.:.,;~lS' "-:.&- 0~\$ ,;;) 0jJh

...::-..1 ...L.:. ~ .(n) ~l:. 1.5"~lS' y,; ..,\jj .~y 01

.\$ ~IY' il~1 J ~,; ,;;) ~ J ;; 0jJ ~lS' .s

.r'~ ";-'~ ,;~ J~I JJ~ 'i Y-""~lS'..;:.; ..: ; tS~)

~Iy'';~ 0~\$ .s tS~)y ,;~ ...L.:.~ 1.5" ,,;-,1J ~Ijj,

t0 D~mol"25D~mDI "75D~mol "25DD~molJ

61

[ sj
=
E 4"=,
~3
~
~2"

i 1
"'"''''

control G.intraradiDes

~;i ~W.T. iJ::-'~\5"~)S" w-,L<::..15~ ~\; (IV js::..:.

d..ly..J~.r.? i.xS ,1$ d..\.Y"i!..Ij1j\~l.T. J.9~lS'

(c l :tSE)P ~t,... t... ,~b) d..ly"..>~-'

IDopmol E3250pmol 6750pmol .2500pmoll

2.5

:iO'§: 2> u..
': '", 1.5
><'c
~ E 1Cl..-c
~.:. 0.5

control G.intraradices

~;i ~W.T. iJ::-'~\5"~)5 w-,L<::..15~ ~\; ('A~

d..ly..J~ -' d..\Y..J~ .r.? i.xS ,1$ """:"'..Jjl~l.T. J.9~lS'

(c \ :!:SE )P ~t,... t...,~b)

f

~
j

G.intraradices

70
60
50
40

30
20
10
0

2500pmolOpmol 250pmol 750pmol

~.»'J.S ~

t... ,~I~) d..\Y..J~ i.xS ,1$ ,,>~""":"'..J~i ..l.,o..>~ (I,\js::..:.

(c \ :!:SE }?0 ~t,...

e~ :.r..S.J:"' .- J ~

~ .s ..L.:. ..AAL.: t..I...:: I.J l:;; ,... - 'L- . ~ . .y .

.~y!;. 1.5"~IY' il.,\jlJ ~,; J~ ~lS' ..: ~ iY-""~lS'

J yL. ..L.:.,;J ~ .r. yU .f.-I.s .AA;)1.5"0L:.;~';.r.

Archive of SID

www.SID.ir



~ .(fa. J H) .:: 1 jl::5J~.J~J)5YJ~

uljU ~ y. J:.!J)5 tS:?.7" ~Ji-" 0y,. 0.J..:. ~~~

il~ ~ jI tS~ A ~~ J$ .:: 1 tS.f ~ \..,.:>~

.J J:.!.J)5 .:?.J 0::: jI ~ .J~ J tSP.P .Jy ~I.A;I

tSl~ ~l5 .(f.) ~y::. LS" tS?.P .:..JW J..Al5

.:..JW ~l5 tSl.7. ~ ~~ .A;ly LS" J:.!J)5

,,-1.-1;'\;' .1 ~ . <...:: ;.; .:.."l5 ~ ~ d'-' ~'-"~ J" .J 0!y -. '...r . - .J .J '-"..r--".;r

(1)::-- 0~y' ~~ ~.J.Y' .J~ .(0 .J..:.~ ~ ..:.<ljU tS~~

.J~ <:£.)j ~ ~joJ' id 0lA\$ .J~ b .J a J:.!.J)5

J$ ~.? ~ y ~I 01y LS" ..\..b~ 0lA\$ ~ ~li.

)..\.i. J .;-; ~ 0::: ~ ~I.J ~Y:-.J ~ ~k':.:>-I

.J~ Iyuh-o <:£.)j~ ~1y..Jh- 0lA\$ .J~ JS' J:.!J)5

.J~ tS.;}1 Jol>- 01.h .\$ j~~.J.Y' .;-; 0~~ ~I.)

.(\f) ~y::. LS"~t; ?.P J..

J$ ..\..b~LS" 0L;.; ~IY' i'.A;1 J ~.J J}:>... tSlAJ:.j JS'

.J~ jU ~I ~ ~Ijl uljI~ iJ:"~l5 ~ ~

il.A;1 .J~ ~ .J ~.J .J~ ~ J:.j (1)::-- ,~\..]1 J}:>...

.~~ LS"~Ijl ~1y..Jh- ~ J ~1y..Jh- .\$ ~IY'
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Abstract

Cadmium is a non-essential element that negatively affects plant growth and its
development. In this study, the effect of an arbuscular mycorrhizal (AM) fungus
Glomus intraradices on some growth and physiological traits such as fresh and dry
weight of root and shoot, photosynthetic pigments, total sugars, total protein content,
lipid peroxidation and oxidative stress in wheat (Triticum aestivum L. cv. Azar2) plants
under the toxic levels of cadmium was investigated. The experiment was performed by
using two treatments (mycorrhizal and non-mycorrhizal) and four cadmium
concentrations (0, 250, 750 and 2500 IlM CdCh). Plants received 40 mL nutrient
solution (with half P content) three times a week and also 40 mL test solution
(contained cadmium) three times a week, alternatively. Plants were grown in a growth
chamber with temperatures ranging from 23 to 27°C and a 14/10 light/dark period.
Leaves and roots from 60-day-old plants were taken and used for investigation.
Arbuscular mycorrhizal fungi had a significant influence on root and shoot fresh and
dry weights, where the presence of AM fungus caused a decrease in the negative effect
of Cd toxicity. Root length decreased due to an increase in Cd concentration, but there
was no corresponding effect on the shoot length. Colonized plants showed less negative
effect of Cd on their root length than non-AM plants. Determination of chlorophyll a
and b content showed decreased chlorophyll content in both AM and non-AM plants by
increasing Cd concentration, but this decrease in the mycorrhizal plants was lower than
in non-mycorrhizal plants. By increasing in metal concentration, the content of total
sugars and total proteins increased in both shoots and roots of AM plants. The amount
of malondealdehyde (MDA) increased in roots and shoots of mycorrhizal and non-
mycorrhizal plants under Cd toxicity, indicating lipid peroxidation. Activity of
detoxifying enzymes, guaiacol peroxidase (GUPX) and ascorbate peroxidase (APX) in
AM and non-AM plants increased but the increase of these activities in mycorrhizal
plants was higher than non-mycorrhizal ones. Root length colonization was measured
by gridline intersect method. Mycorrhizal colonization decreased due to the Cd
exposure significantly. According to these results, it is suggested that this fungus (G.
intraradices) can help wheat plants to tolerate Cd toxicity.
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