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Viridis (      -�4�� ,� 0 ���
� 9���'�� ��� ��  4'4B ;B�( �" .    /'��+ �/�

         �/� 0 !�/N ��� R� ��4n� 3�",H� -��          -�4/�� �/" ,� �/;��� �/�( ��
   ��� �?� 0 !,�4��'  �" 4B =H64'.       Y#� �� ��PI� ,�4?� �"�( !��� 

          4/B 94'�/B�5 9
����/� �� ��� �0, 3-�4�� ��� .    !��/� 3��/�\<"
   -�4�� 3�;��w, ��� '���" �� !�����+    0 ����/� �0, �/" �/"  D� �/�

 ,�B ��K      � -4��, �� 9���� ��K 0    %��w,  %�����*�,� ��� !,� 4'4B  .
      '��+ -��� �� 9�� �B %BH� ��       ,��2� � ,� �;��� ��( -�"��� 3�'�

          ���;�U�� !0���� �� 9��T;�� �� ��'� ��2�<* 0 %B����    -�4/�� �" !���
9��4'�  !��� 4B .'�<'          ���/<n� D� �� ,�� � 94B %B���� �"��� !�"

           !��� ,� 0 ;&B �#?� D� �� ,�� 0� 0C� 85    	4� � 48  %*�/�   ,� 
  4'4���� RM� -0� .'�<'        �N�� D���� �� 9��T;�� �� 94B RM� !�"

    4'4B D���� 1�;�� JT$� �� .        /'�<' �/�� ,� ��+�� �����( 0 12�'-
      9,�)* �� -����4�&(� C0, �� �"��� !�"     9��;/�� �/� 0 !���  !�/"

 �<�� DH+)Shimadzu AA-670G (���5 0  ���</�75 !�M' �U��
 ���?�� %T+)Varian Vista-PRO (9��4'� !���4B  .  >4/� 3��/�-

   9��� �� !����M�5 !�" F<+ !�"      0 �"��M����� !�",�( �� 94B !,0�
'�P��   4'4B 9��� C���� !�. >4�    9�/�� �/� !���       ,�
/�� 8�/' �� !�/��

CurveExpert   P&' 38/1  4B 8�U'� .     >4� ��� ,�I;*� �����,� !��� -
   9,��� �� !����M�5 !�"   ��M/�� !�#� !�"1) ME(     ���'�/�� M/�, 3

�#� 	�n���2) RMSE (>4� ���,�( G��E 03 )EF (4B 9��T;��:  
n

iii OPME
1

max



�
    )7(

������������������������������������������������������������
1- Maximum Error 
2- Root Mean Square Error 
3- Modeling Efficiency 
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)9(  

    ��'� ,� (Pi      394/B �,0��� ����?� Oi    9��4/'� ����/?�        0 94/B !�/��n 
  %�� '�<' ��4n� .  9��� ���<� ��� 9��4'� 0 94B �,0��� !�"    94/B !�/��

9,��� V��;' 34�B�� -�&2�   	,�/s � �"ME=0 3RMSE=0  0EF=
1 ��� 4"��� )110  18(.  

  
9;� 	 <�4�  

   12B ,�1    9��4'� �I&' ��2�<* #��, 3     �;��� ��( 9��� 94B !���
             94/B L�,� �����( ������ O�;P� Q�#� ,� ��� 1( 12�' %J�K 0

%�� .  M' 12B ��� �� -�        �/� 3�����/( %/J�K %/��X Q�#/� ,� 4/"�
     �� 12�' %J�K ���
���Ts   �� mg/kg 1000     �I&' ��2�<* ��� ,� 

    %�� ;��� �"�( �;��� ��( .    12/B 3���\<"1    �/� -�M/'   ,� 4/"�
         �� �����( ������ Y#� ���
�� �� 3��� ,� 12�' ������ %��X Q�#�

�Ts �� mg/kg 50 �;M�� �I&' ��2�<* �"�( 4'0, ����B .  
   �"�( F���� C���� !���   94/B ����M�5  )   Z/��0,1  32   03(   �4/;�� 3

      >4/� ��� ,� 94B ��$� !�"�;��,�5            �� R/� �/" /( �#���/B ,� �/"
94��@�             C0, �/� 4�;B�� ��+0 ��� ,� ������ � �����( 0 12�' !�"
����         4/B I/��$� �/#� 	�n��� ��<U� 1N�46 !���4')    >04/+2 .(

  ���
���+ �� ���       >4� ��� 3,�(H� F���� ,� �"�;��,�5 ���    9��� �/� �"-
 9��4'� !�" 94B !���           -�/�A�� ,�W/6 ,� �/;��� ��( �I&' ��2�<* !

94��@�        4'4B 9��� C���� ��� ,� �����( 0 12�' !�" .   ���/��,� V��;'
   >4� ��� ,�I;*� �{<(             ,� �/;��� �/�( �I&/' ��/2�<* �,0��/� !��� �"

   12�' ������ -��A�� Q�#�         >04/+ ,� ��/� �����( 0 3     94/B /L�,� 
%�� .  

     >04+ �� 1s�6 V��;'3  �� -�M'        O/�;P� Q�#� ,� � �� 34"�
   12�' ������ +  �����(5  310  325   0 mg/kg 50      >4/� ��� ,� 1  0 3

      12�' ������ O�;P� Q�#� ,� +  �����(mg/kg 3     >4� ��� ,� 3 
   >4� ���� �� �;��  �� !����M�5 !�"  ' ��2�<* 4�'���    �/;��� �/�( �I&

    4��( �,0��� �,)  !�,��R2   0 EF �� 3�;M ME   0 RSME �;<(  .(  3�2�/�
  9,��� ��<U� &��?�            �/� -�M/' >04/+ �/�� ,� 94/B L�,� !�"  4/"�
  >4� ���� !�"�,0���             �/�7;�� 
/�' �/;��� �/�( �I&/' ��2�<* �� �"

   >4� �� �4'� ,��&�      4',�� @�� ,� 94B �(r ���� !�" . �� 3�������� ��/� -

            �I&/' ��2�<* �� !����M�5 >4� � �" !�"�,0��� ( %��� U�;'
             �/� ��� �����( 0 12�' -��A�� ������ O�;P� Q�#� ,� �;��� ��(

       9��4'� ����?� �� @�� ��,����� 0 vI#�� �"  4',�� 94B !��� .  ���U'� ��
             @�/� ���,�( 0 -�&2� ���U� g��� !�,�� !����M�5 >4� � �" (

   �,0��� ,�    �� �;��� ��( �I&' ��2�<*4�B��u       �/;<( 3%��6 ��� ,� �H� 
      0 ���' �,�� !�"�;��,�5 -����'���          �/<�� 	�/2' �� �/�'� � ����;��

       {4� 4��� >4� R� D�P;'� ,� ( %�� 4B�� �J' .     �/$� ��5 �� ��������
����3 ��   -���    '�;�� -04� �I&' ��2�<* F���!�)   #��,1 (     �/� /( �,

 ��J' !��I� D�E        ��/� 94/B ����M�5 !��H5      ��/2�<* �,0��/� !��/�
              �����/( 0 1/2�' -�/�A�� ������ O�;P� Q�#� ,� �;��� ��( �I&'

��( �s�� ���.   
       94��@� �� R� �" ���
�� 4B -��� �;M�5      /� �����( 0 12�' !�"

       �� �"�( �, 9��� ��2�<* ��� ,� ������        �/�� -�/�A�� ��/+0 0 4"�
94��@�  
�� 
�' �"           �,�� 9��/<" /� �, !�;M/�� ��/2�<* �"�( -� .  �/��
  2�����'       9��� �� 0 9��� ,�4?� � �"�(    ��J' � �� !���  �/� !�-

        %/�� 1�m� 1��N ��( �{<( �, -� -���.       >4/� �� 1/s�6 V��/;'  !��/�
     �;��� ��( �I&' ��2�<*��     ,� �����( 0 12�' 94��@� 0� -��A�� ��+0 

      �5 ( ��,�s ,� ��� -�M' ���            R/� %/J�K ���
/�� /� 9�/�� �/�
        94��@� ���
�� � -� ���5 ��M� ��� ,� 94��@�   �� 34B�� ���� !-

               ,� �, 94/��@� 0� �/" ���
/�� � ����� ��2�<* �"�( G���E -���
             ��/+0 8���" � �, 9��� ��2�<* �"�( G��E 0 9��( D�E ���42�

 94��@� -��A��    ��( ���I� ��� ,� �" .    3���� 	,�I* � 9��� ��   �� !�/��
 D�E ��J' �� !��H5       ��� ,� �, 9��� ,�;�, -���Z���B �   ���I� ����

��( .  
    >4� C���� V��;'1  9��� ��  9��4'� !�"      �I&/' ��/2�<* 94B !���

     94��@� -��A�� ,�W6 ,� �;��� ��(         12/B ,� �����/( 0 12�' !�"2 
%�� 94B L�,�.  
 12//B ,�3  RM//� 9��//� ,� 1//2�' �I&//' %//J�K �//;��� �//�(

)9��4'�  !���        !����M�5 #��, Z��� 94B �,0��� 0 6 (    �n��/� -���* �
%�� 94B L�,� �����( ������ O�;P� Q�#� ,� ��� 1( 12�' ��.  

  12B3  �� -�M'              ���
/�� �/� 3�����/( %/��X Y#/� �/" ,� 4"�
 12�' %J�K 1(            DH/+ �/;��� ��( Z��� 12�' !�;M�� ,�4?� ��� 

����B . ��� 3���\<"   �� -�M' 12B       �����/( %J�K ���
�� �� 4"�
)  ��3   �� mg/kg 50 (         12�' DH+ 3��� ,� 1( 12�' !@�� Q�#� ,�

    �� �"�( �;��� ��( Z���  4���)      �J�� !4'0, �� 4�� �" �<' %�nI�-
4�(( .            
/�� �/� /( 4B�� 1��� ��� � 4��B ��E�� ������    ,� �����/( 

       � %��N, 3��� ,� 12�' ������ !@�� Q�#�        �/5 !��/� 
�� 0� ��� ��
 -�2� -��(     �� �;M�� ��� �$#� DH+ !�"       �/J' /� 4�� �" u��B

�� 3%��N, ��� ,� ( 4�,�,�� !���� 12�' �� �����( �)�*. 3��������
   �� GI� ��E�� ���         !@�/� Q�#� ,� �����( %J�K ���
�� �� ����

            F/I� � 0 94B �;<( 12�' ���;�� %����N 3��� ,� 12�' �;J�K  -� 
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;��� ��( Z��� 94��@� ��� DH+4��� �"�( �.  
      12/B 3��� �� -0
��3    �/� -�M/'         O/�;P� Q�#/� ,� /( 4/"�

    >4� 3�����( ������6      �;��� ��( 9��� ,� 12�' �I&' %J�K 	����q�
              �/� ��/�I� @�� ��,����� �� ��� 1( 12�' �� �n��� -���* � �,  4/�(

)       1/2�' �;J�K O�;P� Q�#� ,� +   �����/(3  35  310  325   0 mg/kg 

50 !�,�� G//���� //� ��//� ,� R2 �//� �//���� 931/0 3936/0 3966/0 3
977/0 3999/0 .(  

   12B ,�4  3         �/;��� �/�( RM/� 9��/� ,� �����/( �I&/' %J�K
)9��4'�  !���     #��, Z��� 94B �,0��� 0 6 (    %/J�K �� �n��/� -��/�* �

�' 94��@�%�� 94B 9�,0� ��� 1( 12.  
  

  
 ��01-�&���� �=>� ����/? �@��, ����� �����' A�4B� C�@D ,� $% �� ���� EF�G 	 �4H�& ��� ��� ��0 
���

  
 (	�)2-  ����� 
��4��,���J4D���0 +�� K���# ,�  
�LHM�� 1 N2 	 3 

2�P2  
(Max)CdSc  

(50)CdSc  *
SCd

c  1�P1  
(Max)NiSc  

(50)NiSc  *
SNi

c  �@��,  
-  635/0  -  2/88  -  -  538/1  -  2/810  -  1  
-  576/0  -  04/95  1  -  491/1  -  9/807  20  2  
44/0  576/0  140  -  1  19/0  491/1  2/2136  -  20  3  

  
 (	�)3-�,�' (�� ���&,� 
��� ��0 �=D;� 
� 
�LHM�� 
�1 N2 	 3���� �� ��0 8&��� �&���� 
��4H�& ��� �=>� ����/? ��0 
���

R2MEEF  RMSE�@��,  �4F�G P@D  
957/0  094/0  948/0  72/5  1  
956/0  086/0  952/0  52/5  2  
956/0  086/0  952/0  52/5  3  

 �����()mg kg-1 3(  

940/0  068/0  924/0  39/6  1  
938/0  066/0  920/0  60/6  2  
938/0  066/0  920/0  61/6  3  

 �����()mg kg-1 5(  

929/0  082/0  889/0  27/7  1  
928/0  084/0  889/0  34/7  2  
928/0  084/0  884/0  43/7  3  

 �����()mg kg-1 10(  

992/0  031/0  982/0  65/3  1  
990/0  034/0  980/0  81/3  2  
989/0  036/0  977/0  06/4  3  

( �����)mg kg-1 25(  

968/0  066/0  916/0  73/8  1  
966/0  071/0  901/0  47/9  2  
960/0  072/0  904/0  37/9  3  

 �����()mg kg-1 50(  

 + 12�'  
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 ��02- �4H�& ��� ��� �=>� ����/? �@��, )�&�����0 �,	'�� 	 ��0 
��� 
�LHM�� (�� QD�# �1 ( A�4B� C�@D ,� $% �� ���� EF�G �

 ����� �����'  
  

  12B4  �� -�M'       �����( %J�K ���
�� �� 4"�)  ��3    �/� mg/kg 
50 (             �����/( DH/+ -�
/�� 3��� ,� 12�' ������ O�;P� Q�#� ,�

    �� ���
�� �;��� ��( Z���4��� .    �� -�M' 12B ��� 3���\<"  4/"�
  J�K ���
�� ��               ,�4/?� 3��/� ,� �����/( %/��X Y#/� �" ,� 12�' %

       �� ���
�� �(4'� �;��� ��( Z��� �����( DH+4��� .  �� �J' � 4�,

           Q�#/� ,� 1/2�' %/J�K ���
�� �� ( 4B�� 1��� ��� � ��E�� ���
               �;M/�� >�/�$� ��/� /� �����( !����", ,�4?� ��� ,� �����( %��X

��B .   �� GI� ��E�� ���    �/��;�� ����      ���
/�� �����/( �;&/��
                 DH/+ �/;��� �/�( Z��� 
�� ��� �� !�;M�� ,�4?� -� FI� � 0 ;���

��B .     12B 3��� �� -0
��4  �� -�M'     !����M�5 >4� 4"�6 ��   4/'���
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            ,� �;��� ��( RM� 9��� ,� �����( �I&' %J�K �� ��( ���"�,0���
         4"� L�,� �� � ��� �����( %��X Q�#�)    �K O/�;P� Q�#� ,�  �/;J

  12�' +  �����(3  35  310  325   0 mg/kg 50      !�,�� G���� � ��� ,� 
R2   �/� �/���� 605/0 3700/0 3923/0 3723/0 0 874/0 .(  �//(r -���/B

       9��� �� !����M�5 >4� ��� C���� ,� %�� 9��4'� !�"     ,� 94/B !�/��
    �� R� �"   12�' ������ O�;P� Q�#� +  �����(5  325   0 mg/kg 50 

    ��
��' 3��� ,��2�  9��� ��   9��4/'� !�"          %/�nN�0 �/� /( 94/B !�/��
4'4M' ��$� 	�I��$� ,� 4'��I' ,����� ��+�� .  

  

  

  
 ��03- ����� �����' A�4B� C�@D ,� $% �� ���� EF�G &� �R�# !��H? �� �4H�& ��� SM% ��� ,� ���� �=>� EF�G )�&���� 	 ��0 
���

 ��0 �,	'��QD�#�@��, HM�� 
�L 6(  
  

a= 0.729, b=0.933 a= 0.839, b=1.013 

a= 0.737, b=.935 
a= 0.623, b=0.773 

a= 0.645, b=.774 
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 ��04-�&���� �����  &� �R�# !��H? �� �4H�& ��� SM% ��� ,� ����� �=>� EF�G ��0 �,	'�� 	 ��0 
���$% ,� �� ���� ��H��' EF�G  

     #��, ( ���U'� ��1             Q�#/� ,� �, �/;��� �/�( �I&/' ��/2�<* 
              0��/� ��@�/� %/N� �/� ��� �����( 0 12�' -��A�� ������ O�;P� �,

  ��<')93/0 R2> .(     #��, 2��� � +�� �� 3���\<"  !6    �, -� ���'��� 
               /� 9�/�� �/�� RM/� 9��� ,� �, 12�' �I&' %J�K ( %B��  ���/�

��5 4�( ���� .          G�(�� �� (��� !����M�5 >4� %�� ��� �� ,�J;'� 3�H�
       ,�4?� 4'��;� 94�� %�4� Z��0, ��� 9�/��   ��@�/5  94/��@�    -�/�A�� !�/"

2�'         � �;��� ��( 9��� Z��� �, ��� �����( 0 1    ��/5 �I/���� ,�w-
4�( ���� .  
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 �

2

Cd(50)

Cd

1

Ni(50)

Ni

NiNiS

S

S

S

S

m
m
Pc.C

c
c

1.
c
c

1

Yc
).ea.(b

PPcNi
PR

 )10(               
    3-� ,� (

NicPR :  ,�4?�9���  ��@�5   ��/� �� 1/2�' 94��@� )ML-2 (
9���3             O�,�/n� -�<" >4� ��� ,� 94B ��$� !�"�;��,�5 0 1���* ���� 

��M�5   4',�� �, ���  .       ���
���+ �� ( %�� �(r -���B
CdSC   0 m

PCd
c 

   G���� ���
NiSC   0 m

PNi
c            0 9��/( �&/��'��� �, @�/� ���n� -��� ��

 �����( 94��@� ��@�5 ,�4?�)
CdcPR (�,0��� 
�' �,��( .  

 9��4'� ����?�!��� 394B      94B �,0��� 0 9���  ��@�5     �����/( 0 12�' 
  �;��� ��( Z��� -       94��@� ��� !0� �" ��+0 8���" �    ��/� ,� �"- 

12B ,� G���� � !�"5 0 6%�� 94B L�,�  .  
  12B ��,�� �� �/"  !5   0 6  �/�          /( �#���/B ,� %/���,� -��/�

  !�"
��Ni   0 Cd    ��+0 ��� ,� �" ��      ,� �/;��� �/�( 4�/B�� ;/B�� 
 %J�K ��@�5           94/��@� �/�� Z/��;� ]�;I&/' �/� �( !�"     ��/� �� �/"

  �,�� !�;M�� !4�<'��� .           �/� /��� 4B�� 1��� ��� � 4��B ��E�� ���

          94��@� ��� DH+ 3��� ,� �����( 0 12�' !�"
�� %J�K ���
��  �/"
    �� �;M�� �;��� ��( Z�����B . {<� 3�2��    /�� �� �B�' %�    ,� �/"
�� �

%J�K   �� GI� @�� !�"  %&�� ,�4?� ����       /� 0 ;��� �"�( -� 9���
                 �/;��� �/�( Z/��� ��� �� 94B 9����5 �����( 0 12�' ,�4?� -� FI�

 4��� �"�( .   �� ��<U� ,� 3��������     �/�( 9�/�� /( %��� U�;' -���
     ��:�0 �� !,��,���� 1��� � �;���    9:�0 R�a����
�� !�") ���� ��J' 4

%&��  9���         �/� !���� 1<$� ���'��� 0 -�0��� !C� 10-(  �/� 3  4/'���
       94��@� Z��;� ]�;I&' �� �( Q�#� ��@�5 !���      0 1/2�' -�/�A�� !�"

��� ,� �����(���� ����M�5 9���� !�".  
  12B5   9,��� �����,� 0             -�M/' 
/�' 12/B �/�� ,� 94B L�,� !�"

��         1/2�' ����/�� O�;P� Q�#� ,� 4"� + �/(  ����3  35  310  325  0 
mg/kg 50           Z��� ��� �� 94B 9����5 12�' !�,0��� ����?� 3��� ,� 

    9�/�� �� �;��� ��(      >4/� �� !�/��10      9��4/'� ����/?� �/�     94/B !�/��
,������,�� @�� ! .  

  12B6   9,��� �����,� 0        12/B �/�� ,� 94B L�,� !�"  
/�'    -�M/' 
��        0 1/2�' -��A�� ������ O�;P� Q�#� ,� 4"�      3��/� ,� �����/( 
��  #��, �� -��� 10              ,�4/?� �� �/�( ���/"�,0��� /� ����;/�� !��/� 
9���  ��@�5      ��<' 9��T;�� �;��� ��( Z��� �����(  .       �/� �/�� ��/<U� ,�

         1/2�' �/;J�K O�;P� Q�#� ,� 34B ;T� \'� +   �����/(3  35  310 3
25   0 mg/kg 50     >4� 3��� ,� 10        9����/5 1/2�' ,�4?� �,0��� !��� 

      ��
� �;��� ��( Z��� ��� �� 94B   �/� G���� !�   u4/B�� �2�/�   �/� 3
9���     �� ���� #��, ��� �� !���           ,�4/?� �� �/�( ���/"�,0��� /� -��/�
9���  ��@�5            %/�� ,�(H/� �;J�K Q�#� ,� �;��� ��( Z��� �����( 

%���.  

a= 0.085, b=0.282

a= 0.156, b=0.383 

a= 0.247, b=0.685 

a= 0.257, b=0.920 

a= 0.179, b=0.992 
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 ��05- ����� ��� ������ �4H�& ��� QD�# $% &� ���� ����� �����' A�4B� C�@D ,� $% �� ���� &� �R�# !��H? ) �&���� 	 ��0 
���

��0 �,	'�� 
�LHM�� �@��, QD�# 10(  
  

�X�4�
���  
        D�/E F/���� G�(�� �� 3�"0:5 ��� ,�       0 ��/2�<* �"�/( ��H/5

    %��� ,� 	�
�� �I&' %J�K            /( 94/B ����M/�5 ��4/� �"�/�� !�/"
 {<( ���'���    ,�4?� -��<' ���9�   ��@�/5  94/��@�        0 1/2�' -�/�A�� !�/"

�� �,�� �;��� ��( ���0 � �, ��� �����(4B�� .  
           !����M/�5 �I&/' ��/2�<* F��� ��� -�M' V��;'1      /��J' �� /( 

D�E -�0 !��H5   �� 394B !,�������� �;����    ��( �I&' ��2�<* 4'���
          �/� ��/� ,� �����/( 0 1/2�' 94��@� 0� �" ,�W6 ,� �, �;���  %/N�

 ��5 ��@��      !����M�5 >4� ��� -�M' V��;' 3���\<" u4��<' ����6 ,� 
                   /( �,�� �, ���/'��� �/�� ��/� ,� �����/( 0 12�' 
�� 0� �" ,�W6

      %��� ,� �, 12�' 94��@� �I&' %J�K      !,����� �� �;��� ��( 9��� !�"
4�( ���I� ��@��.  

R2= 0.91 
EF=0.90 

R2= 0.92 
EF=0.89 

R2= 0.94 
EF=0.93 

R2= 0.98 
EF=0.98 

R2= 0.95 
EF=0.92 
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    �� >4� ��� 34�� �"  %J�K ,� 4'���       ��/� ,� �����/( %��X !�"

            �/;��� ��( Z��� 94B DH+ �����( �I&' %J�K �� ��( ���"�,0���
   4"� L�,� �� � .       
/�� 0� �" ,�W6 8���" � ��� -�M' V��;' ��<U� ,�

'                ,�4/?� �,0��/� ,� !����M/�5 �/I�(�� >4/� 3��� ,� �����( 0 12�
 94��@� ��@�5         �,�� ��@�� ���,�( �;��� ��( Z��� ��� �� 12�' ! .

�2��        �� �, -� %/����N ���� >4� ��� 3 %/B       ,�4/?� �� /(  9�/��   ��@�/5 
   9��� ��� Z��� �����(3            4/"� /L�,� �/� /� �/�( ���/"�,0���  .  V��/;'

  �� -�M' ���\<" ��� ��@�5 ,� �;��� ��( �� 9��T;�� 3� !�/"  9��/�� 
 94��@� ��    �����( 0 12�' -��A�� !�"  /( %�� 9��<" %�?��� �� �;N0 

#��4B�� Z��;� ]�;I&' �� �( �;J�K ���� ,� ������ Q .  
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Abstract

Soil Contamination by heavy metals is yet one of the most important environmental concerns. Among heavy 
metals, Nickel and Cadmium have dangerous influences on human, animals and plants. The objective of this 
study was to derive a new model for simultaneous phytoextraction of Ni and Cd from contaminated soils. 
Consequently, a macroscopic model was derived by combining yield reduction functions and relative 
concentrations of Ni and Cd in plant tissues. To verify the derived model, a clay loam soil was simultaneously 
contaminated with different concentrations of Ni and Cd. The Ornamental Kale seeds were then seeded in these 
packed contaminated soils in three replicates. Plants were harvested after full development. The Ni and Cd 
contents of soil samples and plant materials were extracted by 4M HNO3 oxidation and wet oxidation methods, 
respectively. The Ni and Cd concentrations were measured by Atomic Absorption Spectrometer (Shimadzu, AA 
670-G) and Inductively Coupled Plasma Optical Emission Spectrometry (Varian Vista-PRO). The results 
indicated that relative yield of Ornamental Kale in the contaminated soils with both Ni and Cd was reduced more 
than the soil polluted with separate Cd or Ni. The results also indicated that at any given soil Cd concentration, 
the Ni content of Ornamental Kale increases with increasing soil Ni concentration. Meanwhile, with increasing 
soil Cd, the Ni content in Ornamental Kale was decreased. Further, at any given Cd content, the amount of Cd in 
Ornamental Kale was increased by increasing Ni concentration in soil. The results further indicated that the 
proposed model can well predict Ni phytoextraction from soils contaminated with both Ni and Cd. However, this 
model could only provide an overall estimate for Cd phytoextraction. It was further concluded that Ornamental 
Kale due to its high biomass production and high tolerance to Ni and Cd concentrations can be used to remediate 
low to moderate combined Ni -Cd contaminated soils. 
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