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3) Executive Summary 

The objective of this pmjea was to uc up ihe ~echnical h i s  lo establish a con CPTcait c and cI7iciet-d 

system of ranoval of heav) metals (HM) and nudeides from contaminnmi I o i l s  d Kazathsun ard 

allow a mncwed invoduccion of sustainable agriculture into lhae arcar. 

In order to achieve this objective research was conduaed by the learns in Sede Boqer and Warn 

sometimer by local invesligatocs and a h e r  times by mixed panici&on of bah pxp. Dr A l i N o t  

came lo wor t  lo Sede Boqer during periods making uu d local expmiv and insuumcnwim thu m a  

m available in Astana. 

O H l a k i n l & h a a s W s d r r i m k o ~ d p l a t a p e o s r : ( a ) c m p l m ~ ~  pb..-nd~c 

and (b) S a m ,  rrsll known HM h ~ n c a r m u k b n  IRE Typh. snd Phngmi(ar Wa-k beaaa m 
dasrmnation of aqm(schd m e h & & g e  ard dv - oiLbleuynms-n 

t h e p m d u c b o n o f p ~ i n o r d e r b m 6 a r r t . n d ~ t l u b y m c ( . b o r ~ i h . l ~ ! l m  

pkmtdIrnear6mchelnsandaaunulsahcevymsOb. 

O W a k i n ~ h m n h a a b b e n m m r j o u ~ h n n m u r  A ~ ~ ~ ~ ~ ~ A . I V O L H D P Q . D . L I P ~  

~ o f m h ~ m m m o ~ b 8 ~ m s O l ~ h a r o l t c a r d m c w - u l l b t n i r r ~ n d -  

S e v e r e l m e t h o d s b e n h a m b H M u p f l s c q . 6 1 ~ m o r ~ h w ~ - a n d ~  

new apporacher b fadlbte HM uptake by b ~ n b .  llm Ku& m- hM &c ~ln?s* em 
d i  of HM removal by Amammus dunng tlu k h  d the W ~ W  m dQanrr e+xw sqms d 
e a * m b r o p P m o l ~ ~ f H M ~ b ~  

O W a k h e a b e e n c s m e d a d m ~ . I t h a ~ . ~ . n d ~ M r r d h g 3 0 d ~  

among ~m diRennt caponsnts. n svaenosd m acnw of b r e d m  ~r r w m n  otabud 

~ 1 0 0 . . t U w l ~ ~ . . n y o f . b r p n ~ . * @ m p m i . c t a o p t l m h . U w ~ o ( U w ~ ~  

io mnon, HY han conbmlnbd wib undu R.ld condltbu, b8cd on Uw *uorP *urrd so br 

under bbontoq and g n e n h o w  condllbm. lhb pilot rt.p. shodd b. an imwnwdble sb0 .  

betwee hwgreenhousa m u r c h  and hrpr sm* 7 d cmpminmd a. 

All Um I*wlr mnwd wt dunng p q u t  was m captunm wUh tlu st.bd ndQM r du grm 

pfopmal C o g a b w a b m b . ~ ~ ~ ~ h e a b 8 c * l ~ w t h F u ~ ~ ~ d D  b-4. 

Kwmv mnd of Or ZenlQIy Allubv llm m w r A  una of AllMov In Amrv has tem F* c m a  of FI 

B U L d e r m ~ e u t h ~ d G u m ~ b v U n r r s ~ . n d ~ c r s s d ~ ~  W w u k m 5 ~ : - m W W  



1 

pc&czdly ha nothtng Into a wma GI glfW snd d l  mobvRsd I O U ~ ~  .nd nmxdent swnkm Rr 

d e ~ d m o & - s m t s n v g g r a p a n d m c ~ l o o l s M ~ d D p m s l m n m - e r s m O C d  

v r t a l A l W C D R w p p o r ( m n a ~ ~ n C a b P l W s n d m p r i r o ( m c &  lhtpra~apabcl*csDpE* 

to &y lo d c l n e  and SOM numerous pmMans  mLaW to the devekmwm of .b.nnoa: apxlrm a=a 

maMgaenlol  nmml resamm 

Q u l t e a n M b e r o f p a p e r s b y ~ p n ~ 1 ~ o l ~ o p r m s Q . n m p s p r s b o n 6 u , m h . l h a ~  

a M l y r r r a n d b n s m n s m ~ n p w o i ~ m ~ m ~ a n m  ~ ~ o f ~ ~ a n h n a b a n v e s e r m a  

In several lnmmabmal SamMc Cmb-  m d  m Npbono( Soenblic C4nbrmaa n Unwtsm rrd omsr 
C a b P l A w a m u n l w s * m e r a l h e y e T r W d g e ~ ~ k o m p e o p * ~ m ~  



4) Research Objectives: 
Ovmll a h -  Removal heavy mmk and radmuddea hun mntnun*ed by Um ~LSO d .slsQsC rrrwl 
c m p s E g s b * 0 f ~ n p u p a n d i n m D b i Q i n p i n U m ~ ~ i . r p a ~ c 4 U m p o l u b p s p a r  

s m -  

~ p l m t - i h . 1 a m w y p r o m d n g ~ y m m i m ? d U I D R d ~ d w h f  mnmrUQ*ImaqnmU 
8rcb'WradtUdKbS T h . r * d a b p . s h o u ( d b s s p l l o t R . l d p m i . c l t D ~ ( h . ( k c ( l m r r d h . v l r p d  
and s tud i i  pbnt a p s r n  on the actual m o r a l  of h u v y  mbk horn mntmn- wma md h. 
~ b t i o n o f b ~ a u h m o ( ~ ~ n t l m ~ ~ b h a b . n d m d . o ~ . a n d n ~ m h m m ~  
.g)culMI pmdllclion. 

5) Methods and Rerulta 

- bs on the hem -ccumu-I ' 

R h n u m E k  
P b n O . b . o r b * . d a n d K n m u l . ( m d ~ m r t . l h M ~ n r o o D . l m . * n r m r r x * n o d l r  
i n a a r u m * r m ~ ~ ~ * ~ ~ i n ~ c o l . ~ a n ~ l v l t l n . b * t o b * m . m u d i . . d b . m a r p -  

@an8 ere m Um of WWmrrtrm W M t S s l  Ra d p.rrs! D b E  r+r;.frF 
h a ~ t o ~ K I h e a v y ~ h a n ~ r d u s b W l y m h u n s r ( s d s c s a a ~ . n ~ d o l ~  
Mltatsbm,ssvaOsslu3L?B*Irr,.M*ld 

O n . d U m r n l n ~ d h . v y n w b l b ~ n * r t W . h n m - ~ e r ~ I r u d r  
and n a ~ u d e a r  mapon mbng  pmundr h l c h  m 4 ~ ~  mt only h u v y  Rd &m hM 
raamnuddm Wnstr, msr d dret horn mrvw Wmtna and wewm -np cuUmmq W 
m e m b a r d n d m u d d n m n D n ~ m a I n a d ~  



mmncacoflsed c a d m n m m d n n c o ~ ~ m ~ ~ h n t s a m a n n u q  
s ~ d o m c n w m a m ~ ~ w ~ m r o l m e r r o r ( d a n d ~ o n u c s s d ~ ~ ~ c h c m o m u ; . . n s d  
r n n e s ~ ~ ~ t S n n c * d s r O I l u m n K ~ n d S h l r r * e n ( ~  

In K p b n u a  rrh~ch a locstsd in Um Aral Sea basm in W h s m n  th. C~VIIDIYIIC~DI p-aswns am O! 
-pmporOas A B a R w i l 0 f l h ~ ~ o l a m s u r r a l r ~ ~ b n C p a : h p r m  
mdnafekls1n(hbrmr&uwlwg8nland Vawt lsrBoafohnArslSsl l rssrsduad~ohssumrd All8 
~ n o c o n ~ m N a C l m n b m l b u t a b m s t d h s a y m m h h n s ~ n m e r n f t r n a ~ a d ~  
been deprmted over law a r e u  by nndr e m r q  me (md cham mgp m Um tarp tvln -ban d 
m 
Alarmmg concenbsbona of lead bra been r e w i d  m  duat of dandy pawtaw urbgl m ueh a 
Shyml;ern W I t a a n d l a d o f m a a m a n s r h m d u s m a I m s t a ~  l%enun*.dpoQlanO@mta 
~ o c a l s d u r m r r a t y m ~ m n d s b n g h o m ( h  SonetperKd lhCHId*.dnhaarvnrrwrrlzs%x 
mnrUWmdha~beennosavrq npdbdusmndrabrsCrsbonmWlol.srasl- An-d 
~ l a n d e v a d a U e l e a d m l h e r o d r m S h y m * e m ~ ~ ~  m * h w n r r p e e U  
(KnmMovel.1 1 9 9 5 ~ u u e ~ s a d ~ ~ I m n t m N b M  h&?errnmuuwocmsrbekmMbarnD*s.r 

S h ~ M n r t h n h a d ~ l % e M * n d s d b r n m u t p l r i n ~ ~ ~ - a O l o r d c C C l  
m M ~ d B C B d B ( L h D O l h e d R a r u r s d h o m 8 . 5 m p h p m 2 7 4 ~ , n d - a ~ + ~ 5 ~ ~  
had n 6trml drsl (Ksragsrnef.1.. ?885), 

P ~ - m a n d ~ d m e ~ h a m - n m r ( l . . m r . - . n d ~ -  



d ( m u n d ~ o f ~ m o b o ( m c  - e " a S l m d m m w  
extradm bulsr mmaining 50 mM TiisHCI. pH 7.5.1 mM GSH. 10 p Y  *rpsplin. 0.01 W .nd 0 01 oU 
F A D . A l l t h e ~ * s r e d a m a t a n 6 0 d l W m p M l r f d ~  Thehanopauamasaabi*lgsdeX:aeg 
k 1 r m m i n e t 5 a C e r d h ~ n g ~ ~ u ~ l d k I r ~ ~  

. . ~ 0 f e n r v m e ~  . . .  
. T h e . c b n t y o f w h e a t N R ~ v m ~ b f u u x  N U W d -  

redud mathvl wio-n (YVHII.  an amfidsl slecmn donor ~AUJor m .I.. 1- in mu X(M &- 

metal uplab by Uw hamyto A e l m s  i h m h s  and the g m y t a  A o r o ~ r r m  beuu)mn! rrJ *r a 

'Uni seeds wn gemnated in s.nQy oul ARsr 10 d d s ~ s  
~ d h e a v y m e h l l * m . p p M h , W m ~ . n d ~ . . r s ~ ~ l m  

In 0rd.r lo pmnds a bemr ntma11 of pbnt 0- ~ ~ l d s  0 h.q n*bb n s b l b d  the - 0' 
Amnwrnw, A g ~ ~ y r o l  and Asdumpus mqmd m nnou Pb" mnd Cb MI In CN mucus upsnnW w 
mdmdthea%dsofhsawmrt.L.suchaCd Zncuk iCumhmamrthd lmvvOSur~andA -h5 



-lconbotr(~m-~ounoslal 1885) A m c q b . ~ & & n n n r s r . u b e ~ n c ~  
mot VAM eolcnlubon rra oteermd n Aslumpus - (0- and %- 'E- mu' f q i  

plal a & m W i w i d a m  nubam bahm by ard~ng n! ma m a k e  d isnmng wre-a rams- -m 
b&nos under slnat cmd~bons (Nw md Cunmmg 2001) 



~ l s a d e w a n m ~ ( n o l ~ )  ~ v e r m s m p b k l ~ - ~ n m " d ~  
Moreover nu VAM lnoculum was deleclecl In Vm roots 01 Amrranm s- hlr 5%m +an d 
-n 

L u d m m c u u l r r ~ m m c f m n ~ ~ b e n d i n r o l u b * u l b ~ s W b a n d t e ~ -  
molsudes (Kara).mv 1995) Pbnl mots studmad am able to - M -01 iho MI tmn BW sG M 
bar&zabon to shoo& 5 m m U y  htld Van- sod mnd&ms s 6  m mbm axdmp. rp.ah a* 3Smr 
ions aner bad uptake horn mc &I. Abundant ammnb o! phmgh.tc lorn 1molr;Ms -s 0' rroG 
phosphates which mduca metal abrorpbon (Sing9 el  a l .  19%) ma. a- readt-l C- e*% 
phytoemaction a hat the metal m m r m n t s  be in a M avadaSe hr WLem u4ak.e CWm-9 e%*S+& 



B P ) m c ~ ~ n g c m m M m c m 0 1 E D T A . s ~ M m m a b m  ~ s . w r f ~ * m M d  
b s d ~ n J S d c k l ~ n n , ~  

Thm. b4lotof appbmbon Siran& moaua phM bd W hvn m&sceDmm.u*d AS .horr. n 
T & C V  E D T A ~ n ~ c ~ ~ m t e m a c h w e D T E D T A s n o n W d . g . d l C C n ~ v r b  
v e r y m a t y t a b r p b s c a b p h ~  hmrl8usrtvhsgtamloia@caLwn IF'S18arpsC. 
o n a o l ~ m o s ( p m r p e c t m , e n d p m m a r ~ d n a b o n . n p h y p m m s d ~ s ~ w O ' ~  BIOhumul 
mntnns a numter of ~rprsdlenb rcms of *ma ch&m heavy metab H frr,  te webed a --a* 
s~rn~lar ram 07 appltcabon as mnnmborul chemca' femzrn EuannenD on hc a e  0' bs*st,q !w 
p h ~ y b 3 n a f a ~ b O &  



rvtun--cat and badnnGl p- S o d  gennsYbon a rabnsd 6. ~spJ*sd & - 
r h r h ~ W r : a n d a ~ p o c a u e s ~ n m P o r a P s ~ ( O o t y ( s d Q o d ~ ! r r ! n m  

~ n h ~ e ( l a t o ( l e d o n u n d h g g m * m ~ . r r s s k o m ~ ~ d M * d l m n ( ~ . a b c . g  
LAA)reOuWedmHs(ongabcn(VanA*rchedC@ma 1990) U d y b d s n m a n m m m Q a r n F a r n m  
~ n m o t s o f ~ b y W m a t s l b u l n i h s l a a n a a ~ e R d l a % - m m n o m - u r .  
m = d ( p r M r a b o n m p r e p P a r m )  

A n o a d o e ~ m e o n d 0 b o n o f n d o l a s a b l d s h y d s W ) m d ~ ~ ~ ~ m m  
oarbcaod(LAA)andabrxlv~~od(ABA) mcedwty a l a r n d t o b e t h e m d y w m m  mn~lslpemyme 
-o-(KOlih&wetd 1896) U U f h ~ l ~ ~ l h a s ~ W m p l m I ~ - ( A O  
EC 1 2 3 l ) b e c a u r e o f m n ~ 1 n h ~ p o c b + t s r o f ~ t o W a m r n r n m O l ~  
(Omarovetd.1998) n s p m p o r e d t h p t h m s n h m m o ( W l X D H n W ~ d v r . o d ~  
p ( a y s a n m p a ~ r n m b r n m e r v a v e n g n g o f ~ ~ ~ & m e d ~ ! u r r g m e o ~ ~  

NmaIemaMhtaawrdap.adamqwfm T h e - a s p d m 6 p m o a s r - m a 1 M n b d  
reacbonmtatfzedbyNR T h a s n r y m a o o n r d e n r d O b e a k n t l n J ~ k f ~ d e d c m m m ~  

andfmaIyrslddPLYD(HagwnardLamba r8BB) N - a w n d a n m a r h m d w r o m i m  
%%?mdmenm(speoer,ofhqherpbisstudsd -lcaer- 1UJyMdkm-  
r m n B @ a k e a n d m w w N R ~ m ~ s a e d * r g r ( ~ d ~ l ~ :  77m-d 
NRsa!solnhbnedmscyimm(Huangetd 19i4) m P C a r d p s s a ( h d .  19BB: 

Lead Wabnent of reedbngs a n  ueae watef WB%~ to W p!anis (&rm/nr*l nd 15-24) e 
musesmeaujabvesmumpUllceKs F a m a m n d f e a d n e m r y p e n ~ ( R O S  W r s l c 6 r o r l p n  
~ ) a a m m m o n M m a I m e m W R a s d - h l p s r d ~ ~ ~ m V m e O h  

~ e f s d o ( P b a o n r m ( ~ ~ - v a r n r m b e ~ m n a r h b ~ ~ ~ i h c h n a c - d  

A ~ ~ r e d e R e c C o ( h e r v y m ~ m h ~ W b c d u , b t h e m e M W W n g ~ t o S H  
qapr inhabsenoeo(mc4yWenum n n r t v * ~ v o C o ~ b e ~ b l h s r y - M ~ ~  
c 6  ~ b "  +I$ CU* ~ n "  and a m d e  (Wahl el m 19(U Re(agogulm Re?ra metab iha rqta 
a f f i n ~ m m e n o M l d m ~ m a n l o m o m m 4 b ( S m o r r i e ( ~  1990 &xahwcla 199: E n I f l 6 i  ! S S  
Inwbdlm of dth~ols wlm Msaturaled metallolh~mn IUT a pdypep* ~ n t a m m g  -1 



~ t m t h e s y m e t e l b ~ n g ( m e n ~ n ~ )  I I - ~ k x l e ~ s n d U m p r s r a a d U m  
W m e t a L s l e a d m U m m a c b v a D o n o f ~ ~ Y o C o b y h W n m r m r s r + . ~ l  

T o l s s t ~ ~ a L M d r e s d p m a g r r d h m o C / M s f . . r d ~ ~ f i o p ~ ~ d  
W r e e d s 1 n ~ D o l u m n w t o 5 0 m Y M m ( a h m ~ g e n n -  lna--ra 
s b r Q B d h 1 n h ) b ' s b o n o t 5 0 m M a m m o ~ ~ ~ m W ~ 6 u n n J 3 0 h ~  hanusad 
a m m O m m r w a n ( h e s 8 e d S d e e s r r n r n e d m m N c r t l s r ~ m ~ ~  h - d r a d p m n g  
r r d h m o h l b b o a , ( u ~ 1 1 , ) o n m e ~ d ~ m ~ ~ g a n m m s ~ d ~  
ms mrdad ( T a k  Awl) 

S s s d p o m ~ n g ~ r o ( y b d * e r r v l l d e d m s m r r Y d a r r b ) y n o h s l d ~ ~ ( T ~ A H $  Srrcs- 
~ o f h e a v y m e g h r s p u r n w - ~ d d  resdresdd- 
p l a n o m q k a w a ~ e ~ ~ n p h y M n m e d O b m ~  S e s d p r r n r r p a d a o ~ r c s d n p ~  
rcn,restdbng~nhghwW ~ m ~ b e m u e ~ ~ ~ W ~ g r n n h o m Y o + r m Q ~ r .  
hnsahghsrF+-=mu(obgcg.bl 

TabImA-Vl. E l k c b d + . . d p m b q o n U m K l t r l t * . d ~ h 6 ~ o l d ~  

112 28 7S.O ZB ' U 

Roob 107 2 2  478 19  35 
Seejs+prmtngnMoOL '08 2 8  R5 2 8 8 C  

,gmmmpnmcso(mr 
Roob 100 1 7  170 1 5  1 8 

S e e d s + p r m ~ n g n W ~  m 1W 2 4  230 1 6  'i 

~ ~ o b  n 1 2  o o 1 2  0 4  
~ e a ~ s * p m q n W ~  L- 5.5 2 0 0 4 0 8 0 2  
g m m m p e u n o . o ( ~ b '  



Saeds+pnm~rpmbVY Rools 97 2 9 284 1 8  1 9  
Leaw¶ la] 1  2 190 1 2  14  

Seeds + pnnung n WJ* RDob 53 1 7  205 1 3  C8  
g ~ m m ~ n m a , d d  ~eaw¶ 57 1 3  135 C8  C 4  

Thus hk4eficency c a w  a deueasa ot the of Mo-etupes wmcuy o' A 0  ms! ~ v r s  m 
mpor(mt rde in the tolerance of the plank to ennrpwnt.1 smrpn The ~rcttlgmo*s of S4&5en a-d 
V u n k o ~ s u g g e s l M o s ~ e R w a v e b l n r e a r e c o l d r e s s t s n c e a n d p o d ~ d m t a W . g ; r i * ~  



P ~ h a m e v c l u a d a B p s o h l b W u p U o ~ n s ~ ~ m m B  RrbrmdWnrmo* 
and alkaSne rolls a Um roluble anmnlc rnoh/bdsg on Tha blrahmarsl oxyawn WhP a d  
p h o s p h a t r m p h ~ l ~ e n d . a d s e d h Y o ~ ~ b s n r n & n o r m r m r r h ~  
wltataendWm&atebnspon(Hhmr*el&al. 1882) R r m n & n t r o l S e n d Y o n t k F I r r P a . O l % u d  
o w l % , -  t a p e ~ ~ ~ b e r * r e e n S a n d Y o ~ ~ n ( h c p r a a m d h g h S O C  
mmnbabonaihrmolwrbm l n ~ ~ m ~ A r s l S s a r ~ 2 3 % o t ( W I ~ s ~ i E s ~  ud 
50%aNaCl I n K ~ m p r o p o r b o n o t I h a ~ m o ~ 1 4 % e n d 2 4 %  m w a m u y ( - 0 ( . 1  $996) 
AlU-tesamstme UommsntmIheu*haaro*armbcalmnccnmbon Thaekcbnmnbch*.% 

of meW-chdabn w d ~  m phytceh?lllliru and metalohiomhu in meWuxmwUmg v Saasabm 01 
W & U o ~ h p r m W a l O r n b ~ m e ~ o f ~ n ~ m m b d ~  
Seed pnmh~ with motywate ncnsred mnsidemUc k&+xum&m b c4a-m of PbaDnrmm ad 
rerr6*ery tea (Teble AVIII). 

A g m p p n  
Rocb I 4 4 1 5 4  
Leaves I 6 5 7 3 

I Rocb I 5 2 I 6 5  



~lueunregn3Qillsrq 
a+P- l .CG uCqnr&*PUIP-)1II ~ ~ @ J * l O Q V I W l W J ~ l f i Y ~  
raqr-ua6 rms #I suxswu -- IWUBS LB pus LB amel ui ww are mdanmv 
P J . ~ ~ @ ~ y x x r r D l m W  u o g M u v r l l ~ w l o d d m ) D ~ - P e p e y e a U  

~~Srunru'  A U ~  ol.*wds bqd )D W ~ a l u  6 u w 6  pu4w~ n u  ; ...uau~ 
96-= P . c W = w . q n ! - I n ( l  PU. 4 W W I J . d l . m J O . U n . P I . V I  

'I- 

asrenu )oo w y 10 WW y14 ~adma-on h n (  10 sawma w POOC~~UI a).( mlddnc mpj 

i l 





n a n b s r e s b g 1 D n o t e m m e b r m s u d W ~ ~ a m ~ u l p - o ( r - ~ W b n c ) . s r ~  
e ~ d u e m 1 n r e a w n 0 o f m p p e r ~ m t h e g r r n m m g f l b * B 4 )  Thersr~orstpmafnd 
Aeluropus htoralrs to Um sqxkai CU" Waordrnp to the braass seen-a to be a comb.u5a: d .a 
StInIdabngandmhrtnbyelkds ~ v n e b l y a r m m e ~ o l c u ~ t e ,  l k b o n a r d A e r u q ~ j  
r e a d e ~ i b m m a t 5 0 0 y p g ' ~ u  n d ~ d e d n w s ( 1 0 0 0 ~ p '  T h t r n ~ ~ m i r r s i r r ~  
eReQ to the plant pr& had been of d u n ~ n a ~ o  ova the mh- bebne the w r +$Y 

g m w m ~ ~ o e a s s d t o 1 0 m ~ g ' a n d m e n a c b r t h e ~ e f l e a b a a m ~  

T.b*w.B larvu(DW)dA&mpa-mn-d-hC-awerm.  
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R a w m n , m m a ~ S D  

Regard& of the mechglam on- in the itlmtdmm oi plYn m the - d ~ N O L ,  r m 
pmrrthmap & ~ e l u r o p s w u ~ o b e w n v d e n d n s ~ ~ ~  v n a s m ~ m e b # e s t -  
( 1 0 0 0 1 ~ ~ ~ ' )  mebaMIsunghnthanmRdthemnW(mClr(Wh.dd.d) 

lk heavy mew wmantofplvnbuua LS nnpomm m d s ( w m q m e r s m s o f s m m u m w n ~ ~ p t v t  
N u m m u s s t l l d ~ e ~ d s m ~ t h a l ~ w m e g l o o n u m b a D c n n ~ s a ~ d h s m ~ o r * a e n  
ttmernmmmmt ~ ~ a n t h e ~ c k a w + y h t ~  W W D L ~ ~ U W W ~ ~ ~ ? I P ~ F ~ ~ ~ ~ ~  ~nn ,  
el al 1995 X m q  199iJ In the case of Agrop-n the p(snt raM am th~ -1 R n n u u t m  o' - 



c f g a n s m m r c s s e o f u * l a w m n m  mur m~.krrrrpus p b n t u p m & @ d m ~ ~ k d  
c o p p e r m m e r - d u n w t h a g m * m p n o d ~ m ~ n b l E D n d b O n s d s r c r b . d i T D . 0 1  l'm 
m c a n s m t m ~ c s n b m m p s r s d m ~ d k l n p n O I r r r c h c n ~ v x ! c a e a o * a o D D p r  
h u n m p w h ~ u n  TnewebcaLly m e h l 9 h d ( m n b o o f m m y m a P l m c W n p l r r ( m h a r r ~  
m d u n s , ~ m m p o n n ( u l m m ~ r r ~ l f m ~ n w r a q  ~ u o p n - e ~  
p m u h d r p s p e s ~ n ~ d c o p p a m m a s ~  ~ m m ~ ~ ( 1 L W O ) l p e )  Ask 
~~CudDlaant&l I tymnesmed ~~~~~~~~~~~b-M 
R d l d n o l l h c w m h ~ s ~ d m ~ m C u ~ . n d i b ~ ~ ~ ~ h * d m m t d  
even at hlghm mabnM (1000 WJ 0' )  (Taw 4) pnrmnawy m mom emard d n0, LU 
aecompanylng anmn of the Cu canon Fumrmofe eccomlng, lo ih lncrummg im6rr). mppr 
uncanlralwn n Aelumpus barn hun 590 irp 9 '  to 1000 irp e m m a n m  (7- B) m DU9 .ba b 
. a C V n ~ m c o p p a ~ u m r r r t u m t o ~ n ~ s r p u m m ~ ~ ~ ) l p e  L W W W R ~ Q W W  
e D m r m t n M n r m m ~ n ( r r o u U m m b ~ ~ m C I I c O n M n t k ~ ~ 4 d ~ .  
ium 1- 

E m a n t p m F o u P . c M n M ( i a k o m h ~ b a m . r r p r o o u s ~ o n m ~ ~ C a r a ~ t ~ ~  
m s W ~ e W m M ~ o P ~ ~ A c k r o p u s n o n h m w m ~ L \ g o p y m d u n m m ~ ~ n ( k  
a h d l  lln bvs(r ol Cu I- 41nh born m mo(l and *.ms d Ad- vx! L\gopym M mppr 

c h . ~ ~ ~ ~ h y a ~ n u m ; b ~ ~ ~ ~ w D u u m r ~ n ~ . m ~ ~ ~ a r r p h ~ ~  
Smn-cobmnt plants may mao b. w a y  m*UCIMennl and t u m r  mmy OI a~ m 13~ / ru 'ws  1 0 0  

mecslr (see our Drenws reooml from tha so11 nm raR lo 5 shoot h a  wuoe? ca~ erabe 
phytorsn*alabm d w may m*memtam.ued SC+II onb LV iummng au m u  smc+q iu WXUIU-V 
p- b su! ~cmm~m~nmmn of wn in and h a y  memk or MWIU F- mc u z m g  9 



mrol.mm. a m m e r ~ u i - t b f * m d w ~ ~ m b ~ ~ m & a n ~ m n n b m b . r . b n n  
availabh for DIant untaka. Chomiullv a n h m c d  Dhrtcnrtracbon usinn th. mamt-I n m  

e s h M l s m n b h a ~ o f b O s L b Y I I i n g ~ u r m o f * ( a c h ~ ~ ~ ~ * I O . d I B i  
sppmam+bly aknilar ra0 of ~ ~ p b a + i m  sa axmrllbaul mdl brm!zm and ap.b* d cmmq 
&. 



h) 

25 H g h - ( W u s W ) M d & r m o l e a d a r ( b d r m r a m ) h r a m s * s r . s s g  
b y m n p m p V m r d A e k * o p u r p l a n b m k  

~ a i d 1 5 x r 5 ~ 1 5 c m ' n a , r p s d l a y . n t p ~ t i 1  w h o - d p r w ~ p r g  -pa-shll 
5W ml of ( w r  dnterenl blohunus pnparabonr BDhumut pmpamorn *as spplsd (lc krbmba, rh 
bmhm-)starofubDnlolhesalrratsceuvngd--rrlha-QaOhaarst- 
bmhumus P t a n E d A g q ~ a n d A e k r m p v s * s n , g r a m l n ~ o f 3 0 p l s n r p e r ~ n a ~ ~  
14 h d a m  25'-*(PC dwmm mrmmm The punp s c e d b n g  nre tha, ~S)I  ntm 
H o a g l a n U r ~ l a 2 ~  U n l & m ~ ( 1 5 ) * a s n a a n a ~ n u s m p a a n d m e m a n . k a a b d  rm 
par*en,nndanbdmdsdh1to5g~(cmWmdbasbnenb) u s m ~ l m 3 ~ A k r 2 w a c i  
a lolvwm of chemcal grade C M N O , ~  rrlh d m ~ n (  ~bmnmmmum *sr. t~ prrff 
medls at me beglnnlng of me mabrud w m  mmus pmwramm w m  amw m me po(l me cc2 
QKlamb.DcrsInthegrowthmsdurren,O 5 W m d l O O P v g g ' ( W h x ~ l h e r r m o l m d t u w n u +  
baobneng 

* n i n . d d m n g ~ m p p w a n d ~ u m u s ~ t h e v e Q n a r r a s ~ l a . n o h r 2 ~  Then- 
wareharves(edanddmdm85.C C h y m a u o f p h m s a n d m p p w c o n f f m r m ~ p t r r c r g . n r i r a  
memlrmd - 
H n a n m m u ~ o f m ( s b d . o ~ c m r e n r m b d r r r  m w l W l h e m n m e c s o . b P r d Q m W  

eompresbon wrth organtc m a w  sdswpbon m dam and o d   nue eased sobtmy cn te .~ararr e 
addsg'dewJom-Dlhed 

F o r s u c i a a t u r ~ l W l - O f  v a n u m b e r o l - m B b . - B  
W p e  ral herby metab Ammo LM mwt m$attant of U-ere n the use d bghVM BdZrrm 
produced Iran raadual mts urng Cal~kwntm nd wom contsm huor movrm of - - ud 
macrrmaculas*htchmaymimuahc(pnbi sndmaymcbmmex-  Tha n c m t e h w x h s m d  
matthebohunramayrAayarolsdddsrgsnb 

h u r e o l - m n O s ~ t n 0 ~ ( ~ ~ b m d W ~ o b s ) m m o ~ . l o l n 8 n m d . s d . v r a * n d  
m e & o l b D h u m u r 1 n ~ m e n h u P a n M o l C u w ~ n ~ m ~ r p d m p p w * 1 6 m T A T 1 ~  
weeks dd plants rrem trensbmd to LM sod mrh Dtohunus and Iumatej tnu mwks bmurw 

R D o t s a n d s h a d s n a , w p l n W ~ a r m n p t h e s h r m ~ 1 m O c a r a ; b l s r  rn 
m s K * s l p h l u d c o p p a ~ ~ d a s r m r * d  

TheroobolAgmpVmr bM0n,rnrren,mas~Iolheh~m*rrmrmcad-(r~B7) Tk 
~ d m p p r m ~ r g l o l W ~ n ~ ~ O d n d - ~ r s l b * ~ n h  
orowth of Aelumws Wralu Wnb an m n l l  mducbon d 40 Y m tu0m.u of - ra aund br 





~ d b t 0 h m l a ~ 2 1 o U m s c d ~ ~ 5 0 0 n d  1 u X ) ~ g ' C u - r a u l . u n l r c  
m o r e ~ ~ ~ ~ l i d a t a m ( s h a r n )  t k u w . u . h # l ~ m o l l w n d ~ d  
& a o h u n l s o b t a n e d b y U m ~ r a b o n o t p r e p a n b o n - i ~ ~ a n a m s f i c c a m p r s r r ~ w  
mppH accwnulabm The e(BcLI of & presence of b m h m m  p r e p a r m  mn pForm m d m ~  on 
brmsa snd metal aaunulabon s c h u b d  n Tabb 0-9 

L~ke bohvnlr?lwepammbl. pqmrstmd enh- bmmaa pmducdan md mppa vnrmPMi m 
o l d A g r o p y n r r s n d A e l u m p u s p l s ~ g m m m C I H m d l e d ~  Hmma i b e R c l r a ~ W ~  
bfohunur preparabon-1 probably drs to m dlluMn pccfim;mon mmuph the Sephsoar: hs mc 
bahunlr?l preparams 1 a-d 4 no1 only m r e a m  the blamau produetian d me @mh M gO Cu- 
accumulltlon and pmtech aga~nrt Cu-lonoty s( Ib hgh ansnb.bonr (m the PE~UI car01 
W e l s n e v a r e a c h e d a ~ w h l c h m o l d w o d u a ~ )  The-ol-erodrrcarh 

T a b * M O . E l k c O d b ( o h u m r a p . p n t l o n 4 o n t h . M a r v u p m d u d l o n . n d c o p p l . e c ~ b  
roob and a h o m  d i m k - o l d  Aaluropw i ~ ~ l h  afm mxl tm mmba d cu)M h Cw 
.lu(ch.d nudlum. 

. 37 &B , 
3sWm ere means LSD 

M u n r s W l  m n t w L a r r n ~ L U m n p a n d . m r a r d . i s d ~ ~ b h m n d ~  
~ t ? r o a u e r * l s m n  ~ ~ ~ c t a ~ c u n p l s x s l m b r d r m l a ~ n u y e r y a ~ r o ~ r a  
mob TO lsst the 2-waekdc1 -ng. vmm prmm ror ko VW&S m C u m d a  
mnlamng bohunls psp.-1 M plvlb i g m q l  T lb*  11) an them mma-ad Ran On% qpm 
m a 4 u n w d t h a r r m ( n d a h o o t ~ m d C l r c o W n a n d e m n . l . d  TrmpuwhnrarrLmaiadc 
g o r e n o m s r p m u p d 2 - r * e 4 r & a e 4 j ~ l ~ 2  T ~ 1 1 )  mlrclrrsLgor(h - 2 - m  
~ ~ U ) D B T s ( B d n ( o m o L I n d ~ a n d ~ b a n s u w C ~ ~ n b d  Rra0IC;ccnrW 

( O W .  11). Pbmd ~mql nd group3~nen marly the mm banr a-d C o ~ ~ h n (  - h 
m c ! m - p ~ e x h b ? 9 ~ ! - 2 2 m & ~ & ~ ~ ~ t s . ~ a t s r r ? . ~ ~  

Bohunua p r o d d  (ran Um amms &M. mnd roob ot p o h b  wd - s w n  anmu lor 
m n w u n d . ~ m n I u v e . r D L U n n ~ a n d ~  O l k l o r - m c d - .  
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Unllke Inahurnus prepanborrl. prsp.mbm3 war una* to I- kaMI producmn nd c ~ ~ p s  
a m n m  in r w b  m d  skms of m U m A p ) * m m d  A&uwdu plsnb IT- 8-12 m d  8-13) Pmpwabm 
3mmtpm(g(mepImEplinOspevs(mpper l o a o n ~ m d s n d ~ ~ r a n ~  
m the Fdnn!s gmm d a wthcd b ~ o h m u  preonmbtm-3 (T&b B12 and 8-13) Budwm8 - h@ 
mokxular rrrgm hmoc and f u k  rhrh rre recogwed a s t m g  tmtawdamn ThsDL 80m p-c&& 
b n d m p p e r p e v a n M p * ~ b y p t a n l ~ ~  

Tabh B I Z  E l k b  of M u m u  pmpmatht-3 on ih b b m n  pmduc(lon .nd w rcua*llrt)on h 
r m b a n d . h o o a d i - * . . L - a l d A g o p ~ k . . n o r * m m ( C r r r l b o - d ~ h b  
Uwktndmdhm. 

We m u 6  assume that the humlc mnd tulm .cdr mm natural chetntmg . p ~  t~ reduce me 
a m I a b W o f d b b F d n n I a m  1 n w d a m l a a h h y w m e s n ~ C M d M m C h . D . C I P ~  
H r g h ~ r m c M n ( o r ~ ~ ) w a s ~ m m l m m u  

Tabh 815. E m c b  of blohumua pmp.nUon-3 a thm bbmms poduclfon mnd coppr -- b 
rwa mnd s h o e  of Z m k o l d  Aaluropur ItmwM. aim md hm rrb ad - In Crr 
mr*h.d nwdllm. 

m e d a m b r o n s w w k 4 d ~ o f ~ ) * m w ~ - m d ~ * p l b  hHMFrCPmd(rm 
the s u a u  of Cu(NO3)2 by pChrmbon oonlauad 275 rphnl mppr Am a ank4 W F  was naMae nFan 
C ~ ( N O 3 ) 2 & 2 4 h ~ m o m ~ p s r s h r m m d a b o g ~ N . R d ~ ~ ~ ~ m h n n  W F a W r * d  
h o m m c ~ w 6 5 ~ m p m * m r m Q m l a m n w p l e n a R M ~ n e m p r a c m P e t n ~ ~ ~  
p s p e r ( o r m . l ~ ~  

Bom Cwpmtmatbd and mbpl HMFr *sn, mued d 10% sbwol Th, emam Fubnm mmmd Em 
b a c e n s l ~ m H M F m e h m m d Q a m ( a ~ ~ ~ ~ n m e ~ d m c ~  

Ws c&um3d s&slant!alh/ h w r  w r  ODnamb'.!xdta m PbnU gmnm ~n m mM Oait8rap WF- 
mpper and EDTA mwgk scU4e mpper beh w n  w q  r z p w  n me can* cC HYFE. 



the prwcna, of EDTA me mpper buame ava~lWe- lo plam ma6  snd a$rm .mmulrooF r+rrra 
d w b n  - r e n d - o l A p r o p ~ n d A e l ~ u S  R s v r b - r t a m m d E D ' A  
m w m m t s f m ~ O M r r m d b D h m u r  

pI.nb 

6.C ReguWon d phytochslatln syntheab and accumuhtkm in par plants. 

EOTA - Root I Shoo( 
Bimp... C u c o n M I  BiaIIDM. I c v U l n J  



GlutamDn (GSH) Wys a e m l  mpmant mk in debnoa O.bpp d plvh .01.g a w u m a M d  ID.q 

G S H ~ i h p r e c u n ( w d ~ a ~ . w h 1 c h s O o * . l l * p l s n ( b r n D a t M d ~ 7 d  
heavymetab G S H o ( L e n ~ U m m a p r p c d o f ~ ~ ~  F-mwoxadtr 
rate of GSH rvlhesn m W n b  am (1) lhe ava- 01 c y s i ~ ~ ~ .  (2) badwdr d 
s y n m & l s e ( r E C S ) b y G W a n d ( 3 ) U m ~ o f g C b d m e ~ ( G S )  A a m m m h a I m m -  
bshRenPCbar/nmewrandUmquanbtydGSHnUma 

&) Phy(ode(sbn synthase (PSI adds Me GluEys horn glutamme m a m ! j u  Rwdue reruibny m me 

BEST AVAILABLE COPY 



in fmbofpmvadl inga ~ ~ h e n ~ u a n d Z n . m n u s s d m n u b i ~ ~ u n m ~ k s b o f G S H r a  
~ ~ n m a n d v a d l i ~ o f m ~ t M b . ~ C u s n d i n h . d ~ p m a n e ~ m G y l ~  
and mmulabon in pea plam S imw omambatms of Cd. Cu snd Ln m nutrim m. .mn irrsd s 
m ~ r a t D r m c a m ~ n l o f D M o f h s P v y r n e g b m m o t s a Q m r o m n d ~ d ~  momw%max 
0 f ~ m 8 b m s d e W s d i n r o m O f p l s n t a m n p s R t o ~ .  

The elsd ol BSO-((LB-- sMoxmne)  a PDent rhW d GUanyi c,smn~ symheaa) m Gyl *re4 
and Cd acwmulabon on several crow @anb ranthrb(l- me Lsrsl d GSH Cd ramupmn s40 
d m e a s e d m r o o t . m ~ m B S O b c a m \ e n t  Thus G S H M m f m b o l p l p n b n ~ R L a a w t h C e  



SD Stress induced responses of two r ~ t h n d  plant specka pdentiaHy useful in 
phytoremediation 

Introduction 

Typha M@ia L Phragmiur wnuh (Car-.) Trin ex Yad. 
canm rad  

a r e r ~ ~ . n d ~ t M d s l & w w b r b o l o p d R O m p m c a s a m m . n b u o O l b r r  
1esocn6es dulm skeaa IUUSWI and Sslb, 19091 Glvlshmm s elm lha *cr .IsmaP m 
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n r m m p s t e n ( E m ~ d b a n d U m l ~ t s l R N A u b s d s d h a ~ . a o r d n g m B n a o l n m T o 4 ( 1 9 8 7 ) . *  
exWded RHA was bamterrsd on n w b l o r s  manbnnes lor hama nybridnsWn d? Um cDWA probe 
Changes in glumhione pool w m  rrcorded exording to Law er al., (1983). Alddn.& oxidsw (.40\ 
activity w detected by native gel el-is (Omamv et al, 1999). 

d t f k e m  extend and dmem bme p6nxb N&. Cd and NaCI had ih sam m&ry sM m 6~S.n - 
Saim el at.. 1884). Th. dbcrsm of plvt.(hiaa on Cd lmabd plants ruppa.(r m d  Um mmrponba, d 
glubmione into phyta3mblin8, rrhkh bind Um Cd and Um naM m-8 (Sbohr a .L. 1890) l?m 
i ~ l i h o r . s d i h m o m m t r r h e n , d ~ ~ c o n d i t a g . ~ 6 ~ k o m U m r r m r r m l I m  
m o t r , t o p o ( s d U m p t a n b ~ ~ ~ w 9 * p U m p ~ c y d .  P l s w a m v a a r a  
i n c r e p r e d t o t a l I W p c d m l h o o b s n o r O y ~ ~ , ~ n ~ m o b m ~ ~ L * a r  

d e p s n d r o n U m ~ o f A O . T h i r l p s t b h c r ~ d ~ a p a s s d i n R a m ~ l p a r ( B a r r a o n , : . l S  S.rc 
MOO). 

~ c o ~ a l a ~ e x e n v x D 0 f 8 & ~ r n h r s o U O * a U m d  ~ ~ k m m n ~  %-ma 
m s t - e W r a  and ecokcgml aound altomabra to rsmednbDa7 emotomng -1 ab - mekxb 
(Cbnsyotlll 1997 Magha MOO) 

& m r t ~ ~ o r u a r a c p ~ l u t m t r , ~ c a n t e c r m p l s h h l ~ d ~ r ~  
p o H ~ a r e m m ~ 4 ~ ~ p m a s u a a n d m s l r r s m s d u b D n ~ a s p I o . l ~  
IMeaoher MOO) Tws cWsDDIv n d d e s  lmc hsrw mc(a( and ndnowddes (A3 C4 C4 Cr tc HG U1a-d 



T h e s m m u ( a t i o n o f C d d s p s n d s m t h n e M d t h e ~ d t h e q p L e d t e & m t ( L p  0 . G u m m e s d r r q  
o r d e r * a n - u l a l a d m & m . I I ~ r i n e n b ( M l ) a n d m ~ m m g o . m s ~ b a D n a b ( ( O  
100 )IM Cd), whim p~ m n b  rren, recorded n rhom drnng mrld Wsrr (0 1-1 IA Cdl (Lp 1 7 n h a  
armmuUba in thne higher amour& of Cd in rwb  and shoolr. M m w u  ldln 14 .nd 56 dap Oa 
d e t a n n i l s & o f C d m n e s n t i l d i c n s d v r u l l d M w n r a r - T r o h a a n d ~ & ~ m 1 0 C  

- ~~ .- 
~ b y & d y 7 5 d t h e ~ ~ a a n ~ , m ~ @ a & ~ & d & a - n &  
bne a h #  the s M  ol b w m  and mshta~ned chmng -nt 4ub n PIvspm~ss the 

T h e m d C d b a m k r m d ( o t h e a h o o b ( k r m t h e t o M W - d p h O o p p l d a d 1 ~ ; ~  
m u c h ~ ~ ~ o f U m s k b d m m t h e c 9 e o f T p p h s  mnpannpmRngmhuInTpphethepaosnldCd 
Ira- Do shoot was graduab rnamosd In tune ma h ~ h e a  vaW wm 25 3% drrrO the mnplsnn 
w ~ o f p l a o m l O ) ~ M C d  D u n o p m l d s l m a s m C ~ m T p p h a . h m Q ~ r m c h ~  
pefmtm m a o v ( ~ ~ ~ t h e m w , h a a  l n m r s g m n e s ~ D o . r r s ~ t h e ~ r U  
* r a r 3 6 Y d C d ~ k m d a ~ 2 8 d n p o f b e a m r a l ~ l M I * I C d  L.(wUm-a- 
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