
!"#$%&&' !""#$!%&!'"#$%&''(

()*+,-. )/ 01+)23,45+),67,8 9:57,:7

!" )* #$%&'()*+,-.

/012345

!"#

(!+

! $%&

(

! '()

(!,

!(-()*&!"+,-./&0123"(456 ,./0+1#+278!"*&12&0"9:96 3.0'4+#,2;<="%

&>?0@AB=">?C"(4DE ,.4000$

6 7%FGHIJKLMNOP">?QRS )* TUV + WXYZ&!"#$$%&' &(%)*)$%$ 52$[\ . ]'56^_`a,

bcdNefghij( klmn"MNK;op )* qrQ + WXYZ,bcstfgh#+ WXYZuvwcx;

a )* ghydNK; )*z{a|p}~��|p"����MNK;��a )**w����x;) )* ijX�Z

VdNef�����"��Wijy�ef'��w�aRS� )* �����;z{aRS}RS"RS�W��

����a��)

89:%)*# X�Z# dNef# ,b

;<=>?%9.,.2+ @ABCD%0 @EF?%;<=!>!"%?&!""#@"460'3%604

GHIJ%!""%>.+>0'

KLMN% ¡¢&;A'%*@"£"¤¥+¦§)

7689:;"<=>?@.1'%A<B9=CD*=-B>

O P Q%¨©ª 7689:;"EFGEF=AEG=HD*=-B> ID;"03J.6%'1J.,$!

)* «¬®¯a°±²³´efµ�) )*¶·

¸�-;¬"�}¹º��»¼',½,¾ck¿v

À,ÁÂ

K.L

))* ÃÄdNefRUÅÆ}V�-,b

Ç,ij

K+',L

) ÈÉÊË + WXYZÌÍÎ"ÏÐÑn

QRS )* TUVXYZÒWdNefa����

�aij" ÓV )* +Ô�efµ�Õ3ÆÖQÑ

×)

.RSTUV

ÉÊØ +00+ Ù .0 Ú*+00, Ù . Ú�(4*&

!""#$%& '" ()""#*+,% -./0)10 2+3+4& ', %5+ 6*'7%5 .,/ 81%*)+,% 94#0#,%& ), :.;<5')

MNO P=9>?2@D>

(Q +

Q RSN RF=2G=>

.

Q TUOP V=D2EF:

(Q ,

W.- XDY9Z[8D>[ \] S\Z[:B=;[=ZDQ )\;;D?D \] U?Z:B=;[=ZD 9>* ^:\[DBF>\;\?_Q RFDG:9>? N>:`DZ<:[_Q S9>?EF\= ,(//+1Q )F:>9a +H )\;>

;D?D \] S\Z[:B=;[=ZDQ M\=[F )F:>9 U?Z:B=;[=Z9; N>:`DZ<:[_Q P=9>?EF\= 3(/'4+Q )F:>9a ,H bD<D9ZBF c><[:[=[D \] M=d[Z\Y:B9;

T\ZD<[Z_Q )UTQ T=_9>? ,(4///Q )F:>9e

=>&%*.<%" U F_*Z\Y\>:B DfYDZ:8D>[ @9< B9ZZ:D* \=[ [\ *D[DZ8:>D [FD D]]DB[< \] *:]]DZD>[ )* ;D`D;< W/Q (Q (/ 8?,5

g.

)*h \> [FD

?Z\@[F 9>* >=[Z:D>[ D;D8D>[< :> [@\ Y9iBF\: B=;[:`9Z<Q B`C S=j:>? O\C. 9>* B`C S9>?EF\=_\=*\>?C IFD ZD<=;[< <F\@D* [F9[ )* :>>

F:d:[D* [FD ?Z\@[F 9>* ZD*=BD* BF;\Z\YF_;; B\>[D>[< \] [@\ B=;[:`9Z<C IFD Z\\[ *Z_ @D:?F[ WXkhQ <F\\[ *Z_ @D:?F[Q 9>* BF;\Z\YF_;;

B\>[D>[ WMlUX `9;=Dh *DBZD9<D* @:[F :>BZD9<:>? )* B\>BD>[Z9[:\>< :> [FD B=;[=ZD <\;=[:\>C )* @9< D9<:;_ [9iD> =Y d_ [FD Y;9>[<

9>* B\>BD>[Z9[:\>< :> <F\\[< 9>* Z\\[< :> d\[F \] [@\ B=;[:`9Z< :>BZD9<D* @:[F :>BZD9<:>? )* B\>BD>[Z9[:\>< :> [FD 8D*:=8C m\<[ \]

)* 9d<\ZdD* d_ Y;9>[< ZD89:>D* :> [FD Z\\[<Q 9>* [FD <F\\[ @9< 8\ZD <D><:[:`D [F9> [FD Z\\[ [\ )* <[ZD<<C )* 9]]DB[D* [FD >=[Z:D>[

D;D8D>[< 9d<\ZY[:\> 9>* [Z9><Y\Z[C IFD B\>[D>[< \] n 9>* m? :> <F\\[< \] d\[F B=;[:`9Z< <F\@D* >\ <:?>:]:B9>[ *:]]DZD>BD< :> [FD

[FZDD [ZD9[8D>[<Q d=[ B\>[D>[< \] M :> <F\\[< \] d\[F B=;[:`9Z< F9* 9 Z:<Dg]9;; [D>*D>B_ @:[F :>BZD9<:>? )* B\>BD>[Z9[:\><- . 8?,5

g.

)* F9* >\ <:?>:]:B9>[ D]]DB[ \> n B\>[D>[<Q d=[ .0 8?,5

g.

)* <:?>:]:B9>[;_ *DBZD9<D* n B\>[D>[< :> Z\\[< \] d\[F B=;[:`9Z<- )9 B\>>

[D>[< *DBZD9<D*Q d=[ M B\>[D>[< :>BZD9<D* <:?>:]:B9>[;_ :> Z\\[< \] d\[F B=;[:`9Z< =>*DZ [FD [@\ )* [ZD9[8D>[<- m> B\>[D>[< d\[F :>

Z\\[< 9>* <F\\[< @DZD *DBZD9<D* =>*DZ [FD )* [ZD9[8D>[- IFD D]]DB[< \] )* \> [FD \[FDZ >=[Z:D>[ D;D8D>[< @DZD *DYD>*D>[ \> [FD

D;D8D>[<Q Y;9>[ [:<<=DQ )* B\>BD>[Z9[:\>< 9>* B=;[:`9Z<-

?+@7'*/&" B9*8:=8a Y9iBF\:a >=[Z:D>[ D;D8D>[<a ?Z\@[F



! !""! !#

$ % & ' ( ) ) *

+,-./0123456!78,9:;<= ">

?@ABCD" :EFGHIJKLMNOPQR

4" STKUVWPXYZ[\"! ]K^_`ab

cPdTefghi ! # Z[\Pjkl456m

n["ol !p!

YZ[\qrst #$$%&$#

'"

%&() *+,

-

.

/

-012

3+,

-

!012 34

/

5,

!

"012 678,

!

"012 69(&

/

-0:#"1

'-

2

4

-

;,

-

!0<#"1

'/

2 (=8,

!

>#"1

'!

2 ?98,

!

"0<#"1

'-

2 4

/

6%,

!

@0"#"1

'<

2 ABCD'EF @01#"1

'/

*G4 :01.!

mn[u]K"vZ[\4wx (H8,

!

yZ[\

4 (HPz{; " $7$#

'"

? "1 $7$#

'"

" |}w (H ;

~�!o - H ��b�Z[\"����!�����

�"oIJ�� !�! IJ /1 H����p����

XY������56���� ¡¢ *85DB £.!

¤K¥/i�p¦§"¨©�ª«���"«¬®

E¯°±²³"´¥«ª¨©��µ¶²'·�(¶²

¸9¹¬ 4+,

-

'4(&,

!

*/$". Gº"I(5'DA8 ¡¢ (H

ª»:Z[¼�� ) ���¬���½ *85DB'

<1/"6J9%&K) (%0"#KH0"L)G)9.¡¢*

/ !"#$%

/%" (H&'()*+,-./01234567

¾ " ¿À"Án[\4Âw (H ÃÄÅ78,P

`a" ÆÇÅ���� "/ :78,P¨©�²�

ª«²��Èn[\4 (H ®Ez{ÉÊËÌÍ"Î

Ï:ÐÑÒn[\4 (H z{|ª}Ó9:ËiÔ

Õ* "1 $7$#

'"

(HÖ×ÌÍÅ / :78,¨©�²�

ª«²�* ~���� PÐÑu9:ØÙbc"Á

/ Ú (H¯Ût���� ÜÖ×ÌÍ* (H ~78,

¨©�PÐÑÝ�M~«ÞPÐÑ*

Cd �� ����� ��� 	
�� 
�� 

/mg�L  /g�plant  /g�plant  (SPAD Value) 

�� 1 � 0 0.90�0.12 a 0.10�0.01 a 44.65�1.01 a 

 1 0.60�0.14(-24.1) b 0.08�0.002(-19.5) ab 39.30�1.02(-11.8) b 

 10 0.30�0.05(-60.21) c 0.06�0.01(-38.3) b 40.43�1.17(-9.5) b 

����� 0 1.23�0.30 a 0.15�0.03 a 51.08�2.00 a 

 1 0.90�0.15(-25.7) a 0.12�0.01(-17.2) b 40.50�3.26(-20.7) b 

 10 0.40�0.10(-65.9) b 0.10�0.01(-33.3) b 37.80�1.90(-25.8) b 
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��� Cd ��/µg�g  DW  �� Cd ��/µg�g  DW 
	
 

Cd 0 Cd 1 Cd 10  Cd 0 Cd 1 Cd 10 

�� 1  0.42±0.05 60.6±1.8 297.1±39.7  nd 484.1±34.6 5725.7±241.7 

����� 0.29±0.03 47.5±2.0 323.7±39.0  nd 389.2±41.4 5726.0±253.2 

�� 0.35 54.1 310.4  nd 436.7 5725.8 
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Cd
��

 
���

/mg
�

g  DW 
��

 
/mg

�
L  K Ca Mg S 

	

1
�

 0 16.2
�

0.30 a 2.34
�

0.14 a 1.52
�

0.19 a 5.88
�

0.98 b 

 1 15.9
�

0.35 a 2.45
�

0.07 a 1.67
�

0.06 a 6.89
�

0.44 a 

 10 16.2
�

0.17 a 2.44
�

0.01 a 1.70
�

0.06 a 6.01
�

0.24 b 

����
 0 16.4

�
0.31 a 2.52

�
0.06 a 1.65

�
0.05 a 7.19

�
1.03 b 

 1 15.9
�

0.43 a 2.48
�

0.04 ab 1.61
�

0.09 a 7.50
�

0.01 a 

 10 15.9
�

0.48 a 2.40
�

0.03 b 1.82
�

0.39 a 6.03
�

1.04 c 

Cd
��
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/ mg
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g  DW 
��

 
/mg·L  K Ca Mg S 

	

1
�

 0 25.89
�

0.39 a 7.13
�

0.61 a 3.23
�

0.22 a 7.91
�

0.64 b 

 1 26.52
�

0.57 a 5.66
�

0.38 b 3.43
�

0.29 a 8.89
�

0.26 a 

 10 23.9
�

1.58 b 6.05
�

0.33 b 3.28
�

0.40 a 9.80
�

0.39 a 

����
 0 27.43

�
0.74 a 7.84

�
0.44 a 3.10

�
0.30 a 7.39

�
0.49 b 

 1 28.42
�

1.38 a 6.32
�

0.17 b 3.25
�

0.12 a 9.41
�

0.4 a 

 10 25.1
�

0.70 b 6.73
�

0.29 b 3.33
�

0.10 a 10.03
�

1.03 a 
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Cd �� ���/µg�g DW 
�� 

mg·L  Fe Mn Zn 

	
 1 � 0 118.18�28.63 a 84.21�5.69 a 38.86�5.01 a 

 1 106.65�21.88 a 72.64�2.66 b 40.56�3.40 a 

 10 100.73�26.57 a 54.73�3.92 b 31.66�6.63 b 

���� 0 98.52�5.52 a 105.35�9.47 a 24.80�4.93 b 

 1 97.88�15.76 a 65.54�7.65 b 23.12�6.40 b 

 10 87.51�8.25 a 55.26�4.44 b 35.08�4.97 a 

Cd �� �/µg�g  DW 
�� 

mg·L  Fe Mn Zn 

	
 1 � 0 3 340.33�252.60 b 682.9�26.43 a 45.50�1.10 b 

 1 3 739.33�837.17 b 200.73�29.23 b 41.90�4.86 b 

 10 7 187.30�777.50 a 121.17�10.50 c 73.39�5.26 a 

���� 0 3 744.00�476.05 b 588.83�59.24 a 29.05�3.01 b 

 1 3 572.00�197.19 b 343.20�38.18 b 39.52�2.36 b 

 10 6 381.67�236.77 a 144.20�26.29 c 61.63�4.09 a 
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