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Nowadays, following the development of agriculture, there are concerns about adverse 

environmental consequences such as water, soil, air pollution, fertility reduction, soil 

erosion, and resource depletion based on the use of non-renewable inputs, which require a 

solution in this regard. This study was conducted in Gorgan and Zahedan counties during 

the agricultural year of 2018-2019 to evaluate the environmental impacts caused by the 

acidification and eutrophication of the terrestrial ecosystem and resource depletion. In this 

study, water consumption, vermicompost fertilizer, nitrogen fertilizer nano chelate, 

phosphorus nano chelate, potassium fertilizer nano chelate, and chemical fertilizer 

consumption (from the source of urea, triple superphosphate, and potassium sulfate) are 

considered as inputs susceptible to environmental damage. In general, for one ton of 

purslane forage production, Gorgan County creates fewer ecological burdens than Zahedan 

County due to less consumption of inputs in all impact sectors. Based on the final index 

results, it concluded that the highest environmental damage potential in Zahedan County is 

related to the impact group of water resources depletion with the amount of 3.18 m3, and 

in Gorgan County, related to the impact group of terrestrial ecosystem acidification with 

the amount of 1.608 kilograms is equivalent to one kilogram of SO2 in the production of 

one ton of purslane forage, and the lowest environmental damage potential in both the 

cities of Zahedan and Gorgan is related to the groups of phosphate and potassium depletion 

with partial amounts. Based on the evaluation results of the ecological index (Eco-X) and 

the resource depletion index (RDI) per ton of purslane forage production, Zahedan County 

has a higher ecological index (Eco-X = 3.387) than Gorgan County (Eco-X = 2.899) and 

created more ecological burdens. However, the resource depletion index (RDI) was 

calculated for Zahedan County as (RDI = 3.188) and Gorgan County as (RDI = 1.456). 
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 H=�1 .J�3
�* J�6(�/� �0��+��KL B��M#� : :* �,��@�� �&���d' � 1397  .J�5�5 J�6(�/� � (O:�) :* �,,(�
��� � %4V(��% 1392 

.(Q)  

 &
,�� h5�����(#
bS ) 8��> �� A/B�, �� �' A��?, X�S A�
d� %5�(d(O � %5?(<1 .$@� ��O Ar��� (  

 R�3L1C0��*S ��#� T��G� ���U� V�W �0����� #=0U�+ ���X#YW :  

J�=�  B+�Z  
8�  B��(  %�  �:S %Z�7  JF��6�$    �4&+  )�(�6  

pH  
EC  

(3X��)    ����)([�5#��7 �Z [�5  �(�) (�6� �Z \G�0*  

J�3
�*  %,
� UO  12  24  64  13/0  01/0    3  240  06/8  99/6  

J�5�5  @ �
�(��%  8/32  44  2/23  58/1  14/0    3/11  335  73/7  07/1  

 

X
�+ A5�H !�) e��\ �� F5�
���< W5�,�� ��
# A+ A-��B, U5�  ��+��� .�O ��]�� ���� ��YC �+ %<��b� F,�� ��'

 |B@ WO �� 
��� � %5�(dO �
�F,�O  �5 �'�O���  ��+��� ��
� e(��� A+) `(@��H � �Z4< �&	���(� ���
��� �+

$ 4� ��' 3 �2  �2 ��?' ��a�b, � ( %5�(d(O �
� ���(� e(��� A+) `(@��H � �Z4< �&	200 �100  �150 ���
�(� 

�� (���' ���YC � 8�� F,�� &�
�� A+ |B@ %,�� v��N,%,�� a�b, ��� �5 �'�O F,�O $@
cd� $@
cd�� 5 �

10�  �15  .���
+ ��� F,�� &�
�� A+ ���' �� U���'�
� 
��� �� $��O A(Y� ��;S � �+ Fd-���
�@� g�@� �� �� 

A�V�, ��O� ��(�  A<�S�� ~��O �� F \%'� 8
�0,  .���O %O�H%5�(d(O ��'�
�  � ���� * �, �� &	���(� �� ��

) A�V�,5T ��� �� � $O�� �� F \ ���5F  ���Y+5T C �� }H ���(U X�@ ��
# A+ (8���H
@ * �, �� �Z4< � 

��Z�
@ * �, `(@��H � Fc5�� ��Z4< .���O U(,�� `(@��H  

 }H T�S A<
����@��> ��� ����� &��� ���\ �� �A����'� �
'%5 �� 8��(]5� &�� )8�, PTN 55 �$S�@  $��O

U5
� e) g��H ��,� �+ (&��5� �
�� 80 ���@ A>��% � ����  ��, A+72 �
� �� }H � $��@5U �,� $@� A+ �Y��. 

 �� T�S A<
�� ���d� A @�0, $Y> U(1��(,� ���d� ~
d],5U A�V�, �� �� ��Z# C ��) $O���+(U ���Z�@� (

 .�O������ ��(�f@
� X�S A�5�(@� ��1�@� pH  �' ��,10  ���5��  ��+� �(�'��d�  v��N,������  �O ��(�
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(Campitelli and Ceppi, 2008)U((-� $Y> . $^�[ �#��� �`(@��H � �Z4< �&	���(� A�
d���' `'��<  ��O��  &��

8��(]5�  ��,� �+70 A>�� %���@����  ��, A+48  � ���<�� ���\ $��@��4��S T�S ������ .�O A(Y� �Y�� ��(�

 �� ���Z�@� �+ &	���(� �b��� x��]8���1 )1833 x�� �� ���Z�@� �+ �Z4< �(Olsen et al. )1954 �� ���Z�@� �+ (

 ��1�@�v()h�@  ��,
�<���c@�) 8�,UV-2100S � $S�@$��O 
(�
52 �
�� �5�,���H � �(A+ `(@ A�-O x�� -

�1�@� �� ���Z�@� �+ %]�@� ��@�
h A�-O�� `(�<)<� ��,
8�, PFP7U> $��O ���3 &��4�1�� �
�� $S�@ ( ��

 ��1�5�,�������� .���O U((-� � ��(�  

  

�W�> �Z�0*��  ���](LCA)   

AS�C %+�5��� ��
# �A-��B, ��
V � a�' U((-� A�V�, ��YC ����� ��(V ������+$@� h5��� �(4Z� � �_� %+�5��� 

(Valiante et al., 2019) . �(�
� ��(V PS�C %+�5��� W'�GH �� a�' .(/0� U5� ��A<�S ���� e��\ �� ��'�(_l� 

�&�O ��(@� �&�O %+���, P(�N� *+��, �%+� P(�N� *+��, ���Z4< � P(�N� *+��,  g��H�� .�
+  �V�� W'�GH U5�

 ��������(�
� ���� A+ "A<
�� U� T5"  `�4(@ ��, �"A��?, ������" �O A�<�� �^� �� .���Y� � ����� ��'~
d], 

A+ A� ���' �� &�O�5��/, AS�C A'�(@ �� %�N+ &�
��  �(�
� ���+ ��(V A<�S A<
�� U� T5A+ ���<� ���  �

 U(�kd' �Y�� W]�@ ��'�V��) 8��> ��2 .$@� ��,� (  

  

 R�3L2'���� ��3;� :��( '�
Z �$� 3�:#" '�*� �J�5�5 � J�3
�* J�6(�/� �� �� �+�W �+#�� %" ^0  

'����  ��6=
 �� 3]��  J�3
�*  J�5�5  

QS  e-, ��,  02/3546  23/4343  

JF��6�$ #$�$  ��?' �� ��(�  3  

�4&+ #$�$  ��?' �� ��(�  2  

)�(�6 #$�$  ��?' �� ��(�  2  

���� �0����� �#7 ���
�(�  200  

H_0�" ��4&+ �#( ���
�(�  100  

)�(�6 ��4:#(  ���
�(�  150  

����B(#_�7  U�  30  

 

���5n� �����+ �
^�, A+ ����, ��'��O  �%5�(d(O ��'�
� ���'�
��  
���%,�� �
� U(�kd' � $@
cd�,(&�? 

 �#��� `(@��H � �Z4< �&	���(�� e4V �+ �
� ��(���
�  .�5��� ��0� � A @�0, �
� %5�(d(O ���� ���V46 

 �b�� �#�� �&	���(��H
@ �
� ��Z4<  ���V Fc5��45 � �Z4< �b�� �#�� ��Z�
@ `(@��H  ���V47  �b�� �#��

`(@��H %, �O�+ 8��>)3( .  

                                                      
1 Kjeldahl 
2 Unico 
3 Jenway 
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 R�3L3 : �X�G� `�7�" �#L#� ���#7 �� �X�G� J�U��) C0��*S �� �6+� ��7 �Z '�
�#7 ([�5#��7 `&] �Z 

    J�3
�*  J�5�5 

�#7 @#$   J�U��1�Y�  
K  P  N    K  P  N  

(kg) (kg) (kg)   (kg) (kg) (kg) 

JF��6�$ #$�$  3 ��U
 �� �6�:   -   -  51/0     -   -  51/0  

�4&+ #$�$  2 ��U
 �� �6�:   -  34/0   -     -  34/0   -  

)�(�6 #$�$  2 ��U
 �� �6�:  54/0   -   -    54/0   -   -  

 �0����� �#7NPK  150 :100 :200  5/70  45  92    5/70  45  92  

����B(#_�7  5 ��6=
 �� %"  55  21  70    60  65  75  

����B(#_�7  10 ��6=
 �� %"  110  102  140    120  130  150  

����B(#_�7  15 ��6=
 �� %"  165  153  210    180  195  225  

 

%>��S���5n� ��d� F,�O �' ��(H ������ $45� f(0, A+ �A-��B, ��
, A��,�@ �� *+��, a�b, �_� �� A� $@� %5�'

%, ������ &�?(, W'�GH U5� �� .����NH3 �SO2  �NOX  �Q� a�b, F,�O �*+��, A(�N� &�?(, � �'�
� ��+��� ��

 .$@� ��O �����+ � ��O A�<�� �^� �� `(@��H a�b, � ��Z4< a�b, ������ &�?(,NH3  �N2O x�� . )  ������+

(Brentrup et al., 2000)  .�O �����+(�
,� ���+ ������ �
���< X�17  ��O A�<�� �^� �� �#�� U(�kd' �#�� T5

 ��
# A+ ���' �' �� A�<� ��+ A�	���(� �
� &	���(� ��N2O-N %, ��(H ������ ���(Brentrup et al., 2000) .

 ������ &�?(,NOx  A+�Z4d��  �+��+10  �#�� �� ������ &�?(,N2O  �O A�<�� �^� ��(Gasol et al., 2007).  

 A�V�,���5+�% ��� A+ ���_�5+�% +(��� �����>��S � �'%�'� , A��,�@% .�����HA+ A�V�, U5� A/ ) A�V�, A@��+�1 �

8�,����@�2 &�� �'�%3 `(4/� ���+,%O
 �(Brentrup et al., 2004) .�Y� ��5$ ��+ ��' � �_�5$4 0,(B%  �

 A-��B, ��
, 8
b0,5T �Y� RS�O%5 + A, $@�%�5� Q�q �+ .���/, &��� ���5n� �� T5 �' ������ e5�q �� �'

 �(_l� ���� �� &� �(_l�A)
+�,A/ ) RS�O �%, A @�0, ���+�
O  (Brentrup et al., 2004; Finkbeiner et al., 

2006) .WN+8��> �� �Y�� W]�@ ��'�V�� � A-��B, U5� �� A�<�� ��Y+ �_� ��' )4��,� ( .���  

 R�3L4 :�;�� '3GZ���5J�&=0 `0��. � �3G0aS @#$ 8�(� �Z �(��Z ��#� ��b�" '�
'*�(  

(3]��) ��b�" ���5  �3G0aS   �#67�+��b�"  

�'3�( J3�  (kg SO2 eq)  SO2, NOX, NH3 SO2= 2/1 , NOX= 5/0 , NH3= 6/1  

�Z���� J3�  (kg PO4 eq)  NOX, NH3 NOX= 5/0 , NH3= 6/1  

 cZ�G� ����"QS (m3) Q� a�b, 1  

��4&+ cZ�G� ����" (kg P2O5) ��Z4< a�b, 25/0  

 cZ�G� ����")�(�6 (kg K2O) `(@��H a�b, 105/0  

 

&�,� &��� `'��< ���+ A45�/, ���� ���_�%+ ����� U5� A� $@� ����q �v��N, �(_�� ��' ��
O �-+(Firouzi and 

Nikkhah, 2015) .a�' *\�� �� %+ A�V�, U5����� &��� g�(/,$@� �' (Brentrup et al., 2004) . �e(��� U5�+

                                                      
1 Characterization 
2 Normalization 
3 Weighting 
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A/ ) RS�O8�,�� �
���< �+ ���+� ���+� `(4/� ���@ c@} �� &�� �
���< RS�O �A](�� �� A� �O Q�q %'�

$@� A+ %5�Y�  .�,��
���<��' 8�,��&�� � ���@%'� ) 8��> ��5 .$@� ��O Ar��� (  

 R�3L5 :J*� '�
�#67�+R���$ � �
�'*�( ���5�(��Z ��#� ��b�" '�
  

(3]��) ��b�" ���5  R���$ �#67�+'*�( J*� �#67�+�
� 

�'3�( J3�  (kg SO2 eq)  14/56  34/1  

�Z���� J3�  (kg PO4 eq)  56/8  44/1  

 cZ�G� ����"QS (m3) 36/626  21/0  

��4&+ cZ�G� ����" (kg P2O5) 66/7  2/1  

 cZ�G� ����")�(�6 (kg K2O) 14/8  3/0  

RS�O$45� RS�O ���� �� e��\ �� %5�Y� ��'A�@� *+��, A(�N� RS�O � %B(0,���O ���+ .$45� RS�O -

RS�O ~
d], �+ �+��+ .(/0� U5� �� %B(0, %5�Y� ��'��  �(_l� ����� &�O ��(@�  &�O %+���, A�<�� �^� ��

 .�O$45� RS�O) AB+�� . ) ��S A��,�@ �5 8
b0, T5 ���+ %B(0,1 (%, $@� A+ �5�(Brentrup et al., 

2004: 255) . &�
+ ����?+ RS�O$45� %B(0,%, &��� f(0, A+ e(@� ���+ ����(+ F(4���H ����� U5� A� �'�

���� $45� .  

)1 (  Eco-X = ∑ Ni × Wi  

 �AB+�� U5� �� A�Eco-X :$45� RS�O$45� ���(_l� ���+ ������� �V�� ���� A+ %B(0,�%B(0, Ni ���/, :

 � �(_�� ���� ���+ ��O 8�,��Wi&�� �
���< : ���/, �� T5 �' ���+ %'�Ni  .$@�  

RS�O ~
d], �+ �+��+ .(/0� U5� �� *+��, A(�N� RS�O %5�Y� ��'A@  �(_l� ����P(�N� *+��, �%+� P(�N� *+��, 

���Z4< � P(�N� *+��,  `(@��H �� ���Z�@� �+ AB+��)2 :�O A @�0, (  

)2 (  RDI = ∑ Ni × WFi  

RDI :�' ���+ *+��, P(�N� RS�O $@� ������� �V�� .  

+A  ��(� ��
, ���")� A+ %+�(�@� �
^�, ��(V AS�C %+�5��� $Y>���� ��15�H ���� OpenLCA Nexus  �O ���Z�@�

���� ?(���� � �+ �' Td���� ��?<�OpenLCA (1.10.3)  ��]���5��� .���� F(�0� � A5?]�  �' $Y>&�?(, U((-� 

$^�[ � A�5�(@� �#��� `(@��H � �Z4< �&	���(� X�S ��� �� ���Z�@� �+ ���,� ��'��?<�SAS (9.4) A45�/, � �

%�-, a"�S� F\��V &
,�� �� ���Z�@� �+ �'��d(� U(1��(,  |B@ �� ���5 �#�� ��� �� ���Z�@� �+ �'���
d� `@� � ��?<�

Excel  .�O ��]��  

  

�6$0d e�Z � 

(��30��6 $�JF��6 (�6 � �4&+ �H7�) V�W   

 A� ��� &��� }��5��� A5?]� h5��� �(�
� A/B�, F+�/�, ���_�× ��d(�v��N, ��'  ��
�×  �
�%,�� $@
cd�  �+

 &�?(,&	���(� �A�5�(@� �F� �Z4<  `(@��H �X�S %�-, ���  8��>) ���
+6 .(  
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 R�3L6:  V�W ���X#YW \$�0��� �0U�" d0�6$�;gG� ��  ��b�" B�"��� O�6�� h#g((#_�7 �B  ��� �#7���0 #$�$ �   

���K" cZ�G�  '��*S �L��  �603�(�  $�JF��6 H7  �4&+  (�6�)  

) J�=�S(  1  ** 44/58  ** 049029/0 ** 3/5069 ** 4/231769 

((J�=�) ���=") �gW  3 395/0 000050/0 887/0 50/303 

) '�#7 h#g(F( 6  ** 44/12  ** 006150/0 ** 2/263 ** 78/4273 

����B(#_�7 )W(  3  ** 442/1  ** 003176/0 ** 32/56 ** 43/1975 

HZ�;6� �b�  F×W 18  ** 877/2  ** 000408/0 ** 14/75 ** 37/5127 

HZ�;6� �b�  S×F 6  ** 328/9  ** 000281/0 * 619/8 ** 04/2246 

HZ�;6� �b�  S×W 3  ** 811/3  ** 001779/0 ** 48/36 ns 60/431 

HZ�;6� �b� S×F×W  18  ** 446/2  ** 002225/0 ** 30/26 * 86/709 

�gW  162  271/0  000049/0 724/2 07/359 

(%) �����K" `0�.   -  51/6  54/7 90/10 51/7 

                          ns%�-, �([ : ����*�**%�-, e(��� A+ : !
B@ �� ����#�� T5 � h�H 8�d�V� 

  

A45�/, U(1��(,�'F+�/�, ���_� �  A� ��� &��� 8��-, &���� A/B�, �� A�5�(@� &�?(, U5���(+59/8  ��d(� ��

 a�b, � `(@��H %5�(d(O �
� ��+���5 %,�� ���' �� U�A/B�, �� � �$@
cd�  8��-, &��'��91/10  ��d(� ��

 a�b, � `(@��H %5�(d(O �
� ��+���15 %,�� ���' �� U�$@
cd�  U(�kd' .�O ��'��, &�?(, U5���(+

&	���(�  F� &���� A/B�, �� 8��-,15/0  �#��i
+�,  a�b, � &	���(� %5�(d(O �
� ��+��� ��d(� A+15  �� U�

%,�� ���'A/B�, �� � �$@
cd�  &��'�� 8��-,10/0  �#�� � &	���(� %5�(d(O �
� ��+��� ��d(� A+ i
+�, a�b,

10 %,�� ���' �� U� .�
+ $@
cd� &�?(, U5���(+ �U5� �+ ��"��Z4<  X�S &���� A/B�, �� 8��-,09/25 %�(, -

A/B�, �� � ����
�(� �+ ���  &��'�� 8��-,87/11 %�(,���
�(� �+ ��� 8
�0, ��d(� �� a�b, � �Z4< ���
��� %O�H

15 %,�� ���' �� U� X�S `(@��H &�?(, U5���(+ U(�kd' .�O F#�V $@
cd� &���� A/B�, �� 8��-,85/299 

%�(,8
�0, ��d(� �� ���
�(� �+ ��� a�b, � `(@��H ���
��� %O�H5 %,�� ���' �� U� �$@
cd� � A/B�, ��

 &��'�� 8��-,93/271 %�(,���
�(� �+ ��� 8
�0, ��d(� ���b, � `(@��H ���
��� %O�H a10 %,�� ���' �� U�-

$@
cd�  �O ��'��, 8��>)7.(   

 R�3L7%�k$��� �&0�;� d0�6$ :  V�W ���X#YW�;gG� ��  ��b�" B�"��� O�6�� h#g((#_�7 �B  ��� �#7���0 #$�$ � 

 '�
����"

�	0��*S 

�603�(�  
$�JF��6 H7  

(3X��) 
 

�4&+ 

)���� �Z [�5

[�5#��7(  

 
(�6�)  

)����[�5#��7 �Z [�5(  

J�5�5 J�3
�*  J�5�5 J�3
�*  J�5�5 J�3
�*  J�5�5 J�3
�* 

F1V1 48/8  d-h 
49/10  

ab 
 0418/0  q 0580/0  p  67/6  i 16/4  j  

33/280  a-

d 
30/188  pqr 

F1V2  59/8 d-g 26/9  cde  
0668/0  m-

p 
0763/0  j-n  22/11  g 40/8  hi  

10/275  a-

d 
33/198  mq 

F1V3  06/8 f-j 88/10  a  0633/0  op 0653/0  

nop 
 22/11  g 20/7  i  

75/280  a-

d 

75/190  

opg 

F1V4  07/7 k-n 11/8  f-j  0933/0  efg 0853/0  g-j  33/15  de 83/7  i  
00/279  a-

d 
60/193  nq 
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F2V1  39/7 j-m 
82/6  

lmn 
 1368/0  bc 0883/0  ghi  85/10  gh 67/6  i  58/269  a-e 30/161  r 

F2V2  35/7 j-m 03/8  f-j  
1400/0  

abc 
0763/0  j-n  63/17  d 80/11  fg  

58/281  

abc 
50/202  k-q 

F2V3  66/6 mn 22/6  no  1368/0  bc 0913/0  fgh  74/20  c 07/11  

gh 
 20/286  ab 95/196  m-

q 

F2V4  79/5 o 77/7  h-k  1033/0  de 0800/0  h-l  09/25  a 73/10  

gh 
 88/291  a 18/227  g-

m 

F3V1  82/6 lmn 01/7  k-n  1068/0  d 0838/0  g-j  09/25  a 07/11  

gh 
 

88/279  a-

d 
18/179  qr 

F3V2  26/7 j-m 45/7  j-m  0418/0  q 0740/0  k-o  
10/23  

abc 
80/11  fg  38/284  ab 90/223  h-n 

F3V3  53/7 i-m 84/8  def  1468/0  ab 
0653/0  

nop 
 74/20  c 50/11  g  35/285  ab 53/234  g-j 

F3V4  28/7 j-m 11/8  f-j  0933/0  efg 0810/0  h-l  09/25  a 87/11  fg  55/293  a 95/241  e-i 

F4V1  79/5 o 63/7  h-l  
1400/0  

abc 
0580/0  p  44/21  bc 50/11  g  63/283  ab 25/220  h-o 

F4V2  59/8 d-g 45/7  j-m  1468/0  ab 0743/0  k-o  
10/23  

abc 
83/7  i  85/299  a 33/201  l-q 

F4V3  07/7 k-n 34/8  f-i  1033/0  de 0798/0  h-l  09/25  a 80/11  fg  90/266  a-f 93/271  a-e 

F4V4  35/7 j-m 96/9  bc  1100/0  d 0838/0  g-j  50/14  ef 80/11  fg  48/297  a 10/257  b-g 

F5V1  28/7 j-m 01/7  k-n  
1433/0  

abc 
0748/0  k-o  74/20  c 83/7  i  58/269  a-e 23/213  i-p 

F5V2  48/8  d-h 31/9  cd  1333/0  c 0848/0  g-j  44/21  bc 50/11  g  
10/275  a-

d 
50/215  i-p 

F5V3  35/7 j-m 79/8  def  1068/0  d 1013/0  def  98/20  bc 80/11  fg  35/285  ab 
83/226  g-

m 

F5V4 
 26/7  j-

m 
45/8  d-h  1500/0  a 0813/0  h-l  34/24  a 

73/10  

gh 
 48/297  a 38/232  g-l 

F6V1  59/8  d-g 11/8  f-j  
0700/0  k-

o 
0748/0  k-o  74/20  c 80/11  fg  20/286  ab 25/206  j-q 

F6V2 
 26/7  j-

m 
79/8  def  0768/0  i-n 

0680/0  m-

p 
 98/20  bc 50/11  g  

00/279  a-

d 
05/223  h-n 

F6V3 
 53/7  i-

m 
84/8  def  1333/0  c 

0780/0  i-

m 
 09/25  a 

07/11  

gh 
 

88/279  a-

d 
53/237  f-j 

F6V4  06/8  f-j 88/10  a  1033/0  de 0880/0  g-j  09/25  a 70/11  g  63/283  ab 75/243  e-i 

F7V1 
 39/7  j-

m 
42/8  e-h  1068/0  d 0750/0  k-o  33/15  de 

73/10  

gh 
 40/295  a 35/233  g-k 

F7V2  59/8  d-g 35/7  j-m  1468/0  ab 
0660/0  

nop 
 74/20  c 80/11  fg  93/290  a 35/242  e-i 

F7V3 
 53/7  i-

m 
84/8  def  0633/0  op 0810/0  h-l  58/23  ab 87/11  fg  58/294  a 30/250  c-h 

F7V4  07/7  k-n 91/10  a  1033/0  de 0853/0  g-j  98/20  bc  17/11 g  50/291  a 13/249  d-h 

LSD (0.05%) 727/0   0097/0   305/2   46/26  

 ��
� !
B@F,�O �
� a�b, ��� :)F1 �( &	���(� ���
���)F2 �( �Z4<)F3 �(`(@��H )F4( %5�(d(O �
� � &	���(� )F5( �Z4< �)F6 �( `(@��H �)F7( 

%,�� v��N, !
B@%,�� a�b, ��� :F,�O $@
cd� $@
cd�)V1�( 5 )V2( �10 )V3�(  �15 )V4( ���' �� U� 
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 A+ A>
� �+$('�, ��(@� X�S��'  &���� A/B�, U(�kd' � %5���
� ��n�+`4(�������(, �
� �� �
>
, ��'%,��-

 $@
cd� ��%�� ��'�(@� �(�
�� &�
+ U(5�H A/B�, U5� �� X�S A�5�(@�  ��^��� �� ���$4(� . X�S A](�� ��

 &���� A/B�, A�5�(@� 8��>) ��� &��� &��'�� A/B�, X�S A+ $ 4� �� ��� U(5�H7 .(���\ %�� ��
,��  ���((=� A�

�� ��5� (@�A�5� �� F5�-� �� X�S� %�� ��
, .��+ &
5 &��� �'� �5 U�<�� H+ X�S �� A�5�(@� %, F5�-� �� X�S-

���](�� �� .�'�
S ���\ A���� A1� ��S 8
b0, T5 �O� ���+ e@��, �5 %u�S $��V �� �� &� A� �
+ ���� .� 

%��
#>�
, &
5 T5 ���5� �5 �
 d� �+ ��(� �`� %�� ���, �+ X�S �� A�%, A�
O .n� �� %5 &��1�'�GH W'�� F5

A�5�(@�  �� &� �15� F(�� U(�kd' � A�4��� %�� ��'�(@� A�d> �� f@�� �V ��
, A+ A(��� ��
, %�45� F5� � ��

����� %<�-, ��Z4<
��� � $5��(� �����(� A+ �Y�� F5� � � �Z4< � &	���(� &�O %��-, ���� .&���d' � (Garg et 

al., 2006) A-��B, ��W'�� ������ ��]�� %�� �5�� ��
, v��N, ~�
�� $<�5��+ F(4���H %@��+ a�' �+ A� �� A�5�(@� 

 ���� 8
) �� �'��d(� %,�d� �� �� ��4+ ��
,100 �� ��� &�O ���� A+ �� W'�� U5� � ����� x��?� ����

 ��4+ �� �
>
, %5�3[ ��
, A5?]� �� F#�V %�� ��'�(@� � U+���(4��A+��� A�(@���'`4(�������(, � %��S-

�'�?��S � ����� $ 4� .  

U(1��(, A45�/, h5��� A+ A>
� �+ 8��>) �'7 &�?(, ( F� &	���(� A/B�, X�S �� ��d� &��'�� A/B�, X�S ��

 .�
+ &����%�\�
� &���d' � �
H(Noorgholi Poor et al., 2009)  ����(� �
��4O � &	���(� &�O g
 0, ��

 X�S �� �O� Fb< %) ��x��?� ����� . �15� �
@ ��`4(�������(, $(��-< F(�� A+ X�S &	���(� &�?(, �'

%, ���\ �(_�� $0� �� ��(� �O� � A�<�5 W'�� �'�(Javadi et al., 2009).  &�//0, ��@�� U5� �� ��15� ��-��B, ��

��5��< %) �� �� �
(�
,� W'�� � ����(� &�?(, W5�?<�  �� A5?]�%,��"�� $@
cd� ���
d� �(Khwairakpam and 

Bhargava, 2009) . $�� �Y��W'��  F� &	���(� X�S ��4+ ��
, T�S &�� W'�� ��)��< �� %�� ��
, W'�� 

(CO2 ��� ���Z�@� U(V ��`4(�������(, � �' ��5��< U(V �� �(N � �_� �� ��4+ $+
)� W'�� U(�kd' � &� �� �'

 .���
d� &�(+ %�� ��
, &�O %��-,  

 � �Z4< &�?(,`(@��H &����< &���� A/B�, �� X�S 8��>) �
+ &��'�� A/B�, X�S �� ��7 .( �Z4< ���Z�@� $(�+�\

$0� %�G5� �(_l�����, X�S ��' A�5�(@�� ��/, �%�� ���, ���/,���+�� ���/, � g� �%, ���\ X�S ��'��(� 

(Havlin et al., 2014) . Q3> ��+��+ �� W5�?<�%0B@ X�S �� g� ���/, W5�?<� �+ �Z4<A+ v��N, ��' A�(@�

 &���d' � U(���'(Havlin et al., 2014) $@� ��O x��?� . �� X�S ��<�+ $(<�� � ���Z�@� F+�\ `(@��H ���/,

`(@��H %�5?15�> %��� �� `(@��H ���@���� ��� �� ���Z�@� F+�\`(@��H ��' ���� X�S g� ���/, �+ ���5� i� ��� ����

(Najafi-Ghiri et al., 2011a).  &���d' � %Z]�(Najafi-Ghiri et al., 2011b)  X�S `(@��H ���/, A� ����� &�(+

$0� %�G5� �(_l��/, W5�?<� �+ � A�<�� ���\ X�S v��N, ��'%, W5�?<� %�
(��� 8�� � $(<�� � g� ���+�5 .  

  

� ���S�Z�J�U aS ��	6$�0�3G�
 :#" ���3 *�� E�� �Z �+�W �+#��0Z�� ] �W�>��� )LCA (  

���Y� a�b, &�?(, �(�
� ��^� v��N, ��' A<�S A<
��F,�O ) 8��> �� %<�b, ��'�
� � Q�2 .$@� ��O ����� (

 U5� h5��� A45�/, �+8��>  A� $@� RN�,���� A+ U� T5 �(�
�  A<�S A<
�� &��@�YO ��&��'��  Q� &�?(,
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 &��@�YO �+ A45�/, �� ����(+&����  ��'��d(� A+ A>
� �+ %<�b, ��'�
� ���/, .$@� A�<�� ���\ ���Z�@� ��
,

 .�
+ &�?(, T5 A+ A-��B, ��
, &��@�YO �� �' �� W5�,�� &���d' � 8� ��S)1393(  �+ $45� ���(_l� %+�5���

��^� %B(0, �� &	���(� a�b, A� ���O�� ��Y�� �
�� ���� �(�
� ��'220  �60  ���+ e(��� A+ ���' �� ���
�(�

��^� �
+ A��� ���d� �+ ���5� �(_l� &�?(, U5� �� W(+ &��?<� %�� ��O A��� ���d� �
 Y+ e>
, �`5� � %+� ��'

+ ���Z�@� �U5��+��+ .$O��� �'�
S %H �� �� %B(0, $45� Q�N, ���(_l� f/< �&	���(� �
� �� �5��/, U5� �� W(

 �� %1��< A>
� �(�
� ��(V AS�C %+�5��� �� .$O���( d�� &���d' � ���>
+ �(Bojaca et al., 2014)  ��Y��

���� e��\ �� %Y>
� F+�\ %�45� f(0, ���_� %5�(d(O %'��
� A� ���O������ �(_l� ��' A�5�(@� � &
(@�(Z5

.$O�3� ��>�+ X�S   

  

g��� B&0* ���b� �Z�0*�� d0�6$�+�W �+#�� 3�:#" �� �  

 U� T5 �(�
� ���� A+ %�� �
) A+A<�S A<
�� &��@�YO �&���� ���Y� ��d� a�b, F(�� A+ �'WN+ %,�d� �� ��'

 &��@�YO A+ $ 4� ���d� %B(0, ��'��+ �_�&��'��  ��]5�%,��� �5� 8���> �� . $45� ���_� %+�5��� h5���

%B(0,  �� %O�����5n� ������ &��@�YO A+ i
+�, A<�S A<
�� U� T5 �(�
� ���� A+ �'&��'��  8��>)8 � (

 &��@�YO&����  8��>)9 .$@� ��O ���� &��� (  

 R�3L8 :�g��� B&0* ���b� �Z�0*�� d0�6$  *� ���$�3G0aS ��	6$�#" '�*� �Z �
 J�6(�/�) �+�W �+#�� %" ^0 3�:J�3
�*(  

(3]��) ��b�" ���5  

�3
G0

a
S

  

 �
#6

7�
+

 �
�b

�" �3
G0

a
S

  ��
	

6$
� J

�U
��

  

�;
��

 m
W

��
 -

'
3

GZ
  

R
��

�$
 m

W
��

 -

*�
(

' 

m
W

��
 

�
0�

/$
 

�'3�( J3�  (kg SO2 eq)        

�#
 �Z ��	6$� SO2 2/1  669/26 002/32 570/0 763/0 

V�W �Z ��	6$� NH3 6/1  839/23  142/38  679/0  910/0  

V�W �Z ��	6$� NOX 5/0  7592/0 3796/0 0067/0  00906/0  

�Z���� J3�  (kg PO4 eq)        

V�W �Z ��	6$� NH3 35/0  839/23  343/8  974/0 4036/1 

V�W �Z ��	6$� NOX 13/0  0987/0 0128/0 0015/0  00215/0  

 cZ�G� ����"QS (m3)            

QS 1�Y� Q�  1 021/3546  021/3546  6613/5  1888/3  

��4&+ cZ�G� ����" (kg Sb eq)            

�#7 1�Y� �Z4<  25/0 00053/0 000132/0 5 -10×729/1 5 -10×075/2 

 cZ�G� ����")�(�6 (kg Sb eq)            

�#7 1�Y� `(@��H  105/0 6 -10×755/1 7 -10×843/1 8 -10×264/2 9 -10×794/6 
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 R�3L9 :�g��� B&0* ���b� �Z�0*�� d0�6$  *� ���$�3G0aS ��	6$� J�6(�/�) �+�W �+#�� %" ^0 3�:#" '�*� �Z �
J�5�5(  

(3]��) ��b�" ���5  

�3
G0

a
S

  

 �
#6

7�
+

 �
�b

�" �3
G0

a
S

  ��
	

6$
� J

�U
��

  

�;
��

 m
W

��
'

3
GZ

  

R
��

�$
 m

W
��

 -

*�
(

' 

m
W

��
 

�
0�

/$
 

�'3�( J3�  (kg SO2 eq)        

�#
 �Z ��	6$� SO2 2/1  669/26 002/32 570/0 7638/0 

V�W �Z ��	6$� NH3 6/1  8988/21  038/35  6241/0  8363/0  

V�W �Z ��	6$� NOX 5/0  6968/0 3484/0 0062/0  00831/0  

�Z���� J3�  (kg PO4 eq)        

V�W �Z ��	6$� NH3 35/0  8988/21  6645/7  8953/0 2893/1 

V�W �Z ��	6$� NOX 13/0  09058/0 01177/0 00137/0  00198/0  

 cZ�G� ����"QS (m3)            

QS 1�Y� Q�  1 236/4343  236/4343  934/6  4561/1  

��4&+ cZ�G� ����" (kg Sb eq)            

�#7 1�Y� �Z4<  25/0 00049/0 0001225/0 5 -10×599/1 5 -10×919/1 

 cZ�G� ����")�(�6 (kg Sb eq)            

�#7 1�Y� `(@��H  105/0 6 -10×612/1 7 -10×692/1 8 -10×079/2 9 -10×238/6 

  

 �Z�0*���3G0aS� ��b�" ���5 �� �3� �	6G� '�
'3�(  J3� 

SO2
1, NOX

2
, NH3

3
 ���5n� &�
�� A+�(_�� ���� �� `Y, ��' @�(�� &�O  .���4' ������ X�(�
,�(NH3)  &�?(, A+

910/0 ���
�(� (kg SO2 eq)  &��@�YO ��&��'��  &�?(, A+ �836/0 ���
�(� (kg SO2 eq)  &��@�YO ��&���� 

 �_� ��]5� �� �� (��� �5�@ �� ���(+@�(��  * �, � ��
+ `(Y@ ���� �
� �� &� ������%, .�O�+ �� }H ������X�(�
,� {

 &��@�YO �� �' ��&��'��  �&����  ���
� ��'�(4�� ������(SO2)  &�?(, A+763/0 ���
�(� (kg SO2 eq)  ��

 �_� ��]5�@�(��  U5���(+@ `Y .$O�� �� &	���(� ��'�(4��(NOX)  �_� ��]5� ��@�(��  U5��d� `Y@ �� &�?(, A+

00906/0 ���
�(� (kg SO2 eq)  &��@�YO ��&��'��  &�?(, A+ �00831/0 ���
�(� (kg SO2 eq)  &��@�YO ��

&����  ���O�� 8��>)8  �9 .(U5� �(�
� ~��?, �� A�	���(� ��'�
� a�b, �V �� W(+ W5�?<�  ���+ �n
b0,

���5n� ������ W5�?<� �&	���(� a�b, &�?(, W5�?<� �+ &
C .��� W5�?<� �� &�O ��(@� F(4���H � �O f(0, A+ �'

%, W5�?<� X�(�
,� ������ ��+��� �� }H X�(�
,� ��< A+ &	���(� �(N � A+ �� ������ U5� F(�� &�//0, �� %S�+ .�+�5

��^� �
+ �� &�A+ %���� ��'  ����� $ 4� A�	���(� ��'�
� �n�+ a�b, f5��O �� �G5�(Fallahpour et al., 2012) .

�+� &���d' � ����(Brentrup et al., 2004) ������ &�?(, A� ���<�5��  &	���(� �
� a�b, &�?(, A+ A�4+�� X�(�
,�

f(0, A+ ��� U5� ������ &�?(, �&	���(� a�b, W5�?<� �+ A� ��
) A+ {$@�  U(�kd' &�//0, U5� .$<�5 W5�?<� ?(�

.���� A�	���(� %5�(d(O ��'�
� a�b, �+ �
\ %1�4 d' X�(�
,� ���@���� F(4���H A� ���O�� ��Y��   

                                                      
1 Sulfur dioxide 
2 Nitrogen oxides 
3 Ammonia 
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 �Z�0*���3G0aS�Z���� ��b�" ���5 �� �3� �	6G� '�
  �=	W J3� 

 X�(�
,�(NH3)  �� �� `Y@ U5���(+_�� ����(� +���,% &�O  &��@�YO ��&��'��  &�?(, A+403/1  ���
�(�(kg 

PO4 eq)  &��@�YO �� �&����  &�?(, A+289/1  ���
�(�(kg PO4 eq)  $@� RN�, � ���� A<�S A<
�� �(�
� ��

%,�� X�(�
,� ������ * �, .$@� ��O �(_�� ���� U5� F(4���H �5��� ���+ %�S f(0, A+ X�(�
,� ������ A� -

, %5�(d(O ��'�
� � $@
cd�% `Y@ U(�kd' .�O�+&	���(� ��'�(4�� ������ (NOX)  &��@�YO ��&��'��  A+

 &�?(,00215/0  ���
�(�(kg PO4 eq)  &��@�YO �� �&����  &�?(, A+00198/0  ���
�(�(kg PO4 eq)  � �
+

 ������ * �,��'�(4�� &	���(� %, %<�b, ��'�
� �� ?(� ������ .�O�+&	���(� ��'�(4��  ���d� � F/� A+ A�4+��

U(O�, �� ���Z�@� � 8�/��� 8��>) $@� �n�8  �9 .( �Z4<dY, �(_l� ���� ����� �5��� F,�� U5��+���,% &�O 

%, �O�+(Charles et al., 2006) &���d' � &�45
�O
S .(Khoshnevisan et al., 2013)  A� ���O�� &�(+%�#� U5��

(_l� ���� F(4���H ����� �5��� F,�� �+���,% &�O �+ ��Z4< A+  `Y@68  F(4���H A+ A>
� �+ .���� ��b�S� �#��

X�S �n�+ �Z4< �^� �� &�'�(� ��(� U(,l� �� �
�� ��')��\�+�(,  �&���d' �1391 ( A���@� �+���,% &�O )1/0-

02/0 %�(, (��(� �� ���(Kronvang et al., 2009)Q� %��
�� 8�d�V� A� $@� RN�, �5� ��' � �Z4< A+ %�(,��

��^� �� �G5� A+ �(_l� ���� U5� F(4���H �5���.$@� ��5� ��(4+ v��N, �n
b0, �(�
� ����< ��'   

  

 �Z�0*�� cZ�G� ����" ��b�" ���5 �� �3� ����" ����7�"  

 A� $@� RN�,n�+ A(�N� �(_l� ���� A+ i
+�, $45� f(0, A+ e(@� F(4���H U5�� &�?(, A+ Q� *+��,188/3 

 e-,��, &��@�YO ��&��'��  �456/1  e-,��, ��&��@�YO &����  e(@� F(4���H U5��d� U(�kd' .�
+

��Z4< *+��, A(�N� �(_l� ���� A+ i
+�, (kg P2O5 eq)  � *+��, A(�N�`(@��H (kg K2O eq)  ?(C�� ��(4+ �5��/, �+

�
+  8��>)8  �9( .  

  

 �Z�0*�� d0�6$B&0* mW���g��� (Eco-X)  �cZ�G� o���" mW�� (RDI)   

 g�@� �+ h5���%, %5�Y� RS�O A� $<�� A](�� &�
� %B(0, $45� e(@� F(4���H U5���(+ &��@�YO ��&��'�� 

 �(_�� ���� A+ i
+�, *+��, A(�N� &�?(, A+ Q�18/3  �� � e-, ��, &��@�YO&���� � �(_�� ���� A+ i
+�,��(@ 

&�O �� %�S `�4(@
�+ ���/, 608/1  ���
�(�(kg SO2 eq) �� �
�(� 5T  U� ��
+ A<�S A<
�� 8��>) $@�10 

 �11 %B(0, $45� e(@� F(4���H U5��d� F+�/, �� .( &��@�YO �� �' ��&��'��  �&����  A+ i
+�,������' 

�(_l� ��Z4< *+��, A(�N� (kg P2O5 eq)  � *+��, A(�N�`(@��H (kg K2O eq) %, ?(C�� ��(4+ �5��/, �+ 8��>) �O�+

11 .(  

 R�3L10 :B&0* mW���g��� (Eco-X) �3G0aS %" ^0 3�:#" '�*� �Z �
�+�W �+#��  

(�V��) �(_�� ����  &��'�� &���� 

���(@ &�O  (kg SO2 eq)  982/1  608/1 

%+���, &�O  (kg PO4 eq)  405/1 291/1 

$45� RS�O%B(0, (Eco-X) 387/3  899/2  
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 R�3L11 :cZ�G� o���" mW�� (RDI) �3G0aS %" ^0 3�:#" '�*� �Z �
�+�W �+#��  

(�V��) �(_�� ����  &��'�� &���� 

 *+��, A(�N�Q� (m3) 1888/3  4561/1  

��Z4< *+��, A(�N� (kg P2O5 eq) 5 -10×075/2 5 -10×919/1 

 *+��, A(�N�`(@��H (kg K2O eq) 9 -10×794/6 9 -10×238/6 

*+��, P(�N� RS�O (RDI) 188/3  456/1  

 

$45� RS�O %+�5��� h5���%B(0, (Eco-X)  �*+��, P(�N� RS�O (RDI)  �� %O�����5n� ������ �(�
� ���� A+ �'

&��@�YO A+ i
+�, A<�S A<
�� U� T5 ��'&��'��  �&���� ) 8��> ��10  �11 g�@� �+ .$@� ��O ���� &��� (

 &��@�YO h5��� U5�&��'�� $45� RS�O%B(0, ) �� ���n�+387/3  =Eco-X A+ $ 4� ($45� RS�O%B(0, 

 &��@�YO&���� )899/2  =Eco-X (� ��� &���  .��� ��]5� ����(+ %B(0, ��'���< �,�*+��, P(�N� RS�O 

(RDI)  a�' %��,� ���+ U�<�� �^� �� A+ A>
� �+100  A��@W(H A� %��,� ��, ���-, A+%, %�(+ ��
, * �, �
O

 ��O�+ g��@� �� �^� ���+ &��@�YO&��'��  A+) &�?(,188/3  =RDI ���+ � ( &��@�YO&����  A+) &�?(,456/1  =

RDI .�5��� A @�0, ($45� ���_� %@��+ �+ W'�GH U5� h5��� "(� &��@� �� %�(,� ����+ �(�
� %B(0, $/+�B, &

$O�� (Nikkhah et al., 2015) .A+d'� F(��f(0, �ZV $(A,���+ ~
� �' ���>� �$45� �� %<�� %'��� � `�� A+ ��

���� ��(� A�(,� U5� )%>�V�(,  �&���d' �1392 .($45� �"�, ��]5� ���+ ����< � ?��d�, ������� ���(�
� -

%B(0, %,���Y� �n�+ a�b, .�
O$45� ���_� A+ �]�, �' ���+ �q�/� W5�?<� ����, ��;, %B(0,�	��� *+��, ��'

 �
' � X�S �Q� %��
�� � X�S $(Z(� 8?�� �%�45� ~
�� U�<� $@� �� �%��Y> W5�,�� F(4���H W5�?<� �%�(4<

$@� ��O (Nemecek et al., 2011) .  

 

'��5 ���6$ 

 U� T5 �(�
� ���� A+ %�� �
) A+A<�S A<
�� &��@�YO �&����  F(�� A+a�b, ���Y� ��d� �'WN+ %,�d� �� ��'

 &��@�YO A+ $ 4� ���d� %B(0, ��'��+ �_�&��'�� %, ��]5� .��� g�@� �+ h5���%, %5�Y� RS�O A](�� &�
�

 A� $<�� %B(0, $45� e(@� F(4���H U5���(+ &��@�YO ��&��'��  �(_�� ���� A+ i
+�, *+��, A(�N� A+ Q�

 &�?(,18/3  �� � e-, ��, &��@�YO&���� � �(_�� ���� A+ i
+�,��(@ &�O  %�S `�4(@
���+  ���/,608/1 

 ���
�(�(kg SO2 eq) �� �
�(� 5T  U� ��
+ A<�S A<
�� %B(0, $45� e(@� F(4���H U5��d� U(�kd' �$@� ��

 &��@�YO �� �'&��'��  �&����  A+ i
+�,������' �(_l� ��Z4< *+��, A(�N� (kg P2O5 eq)  � *+��, A(�N�H`(@�� 

(kg K2O eq) %, ?(C�� ��(4+ �5��/, �+ .�O�+  

 g�@� �+$45� RS�O %+�5��� h5���%B(0, (Eco-X)  �*+��, P(�N� RS�O (RDI)  U� T5 �(�
� ���� A+ A<
��

A<�S &��@�YO �&��'�� $45� RS�O%B(0, )387/3  =Eco-X &��@�YO A+ $ 4� �� ���n�+ (&���� )899/2  =

Eco-X ( &���� ���  .��� ��]5� ����(+ %B(0, ��'���< �,�*+��, P(�N� RS�O (RDI)  U�<�� �^� �� A+ A>
� �+

 a�' %��,� ���+100  A��@W(H A� %��,� ��, ���-, A+%, %�(+ ��O�+ g��@� �� �^� ��
, * �, �
O ���+

 &��@�YO&��'��  A+) &�?(,188/3  =RDI ���+ � ( &��@�YO&����  A+) &�?(,456/1  =RDI .�5��� A @�0, (  
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�=	" � �03;"  

5�, ���d' ��� $5 ���0, F�@�H ��'�GH��  ��� $5�Y� &��4C
�+ � &��4(@ ��1���� %5���� &�'�(� %�����\ �

��� ��5`.   

  

cZ�G�  

) .��O�< �%�O� �.�q��d0, �$S��4V �.%�� U(4V ���@�1385 .( � �(@� T(��?�� �Q�C ��'�(@� e(��� A45�/, � �3+ %��-, �#���

%���5� A<�S ��\�� ��+ (Portulaca oleracea L.) &��5� %5�3[ *5��# � �
�� .%>��S A�
d� �+� 3)10( �55-49 .  

���
>� �.�,�V %��
q� ��/,� H�.?5�� A/_%,"@n�� ,�d0 >�.��
 �
@
,� [,"�.�q )1396.(  � ���d� �+ $O�� �5��� � `���� �_� %@��+

 ��?>�) A<�S ���d�Portulaca oleracea L.W'�GH A5��� .(��' &��5� %����� 15)1(� 123-113 .  

%�-��S� �(],�. U(4Va�+��+ �����'� �d'. )1396$45� ���_� � �	��� &�5�> %+�5��� .( A��N�� �(�
� %B(0,  ��5�� �+ %5���� &�'�(� ��

Ar
�� ��(� ���
, A-��B, %���� AS�C %+�5��� ��� .&��5� `�4(@
(+ %@��Y, �48)3 �(377-361 . 

8� ��S� ���@�. ��/, %��
q�� ?5��H �.��
Z[ U(,�� A��4<�. )1393 $45� ��_� %@��+ .(��^� %B(0, ���Z�@� �+ �
�� �� ���� �(�
� ��'

��(V AS�C %+�5��� �� .�"[ ��/(/0� �4)1 �(44-27 .  

%d(V�� e�5��. %<��� �d0,�. %,�^�� �dV��. %��?S� ) .�q��(dV1390%�G5� %S�+ �+ `(4(�(@ � ��
O !
B@ �(_l� .(  ��'

A<�S %5���� ��(� T5	
�
5?(<
<�
, (Portulaca oleracea L.) .&��5� �B-, � %5���� &�'�(� ��/(/0� �27)3 �(374 -359 .  

��@�� �% �],�. `('��+����� �%4(��. ���1�45� �%ZBb,. )1397� .(Q�� &�?(, %+�5��&��'�� �YO {%@��O��
, ��YO %��d�>� ���� .

A,���+ � W'�GH A5�����YO �?5� �9)32 :(14-1 . 

����(< ��.�(-@ ��
N(�� .U(,� )1394 .(����+ $�� ��(V AS�C %+�5�����^� �� %�(,�T� ��' %d�� A�], .�(+
� �+ i
�N, � %���

HG
�
5?(<
�� %�'�	%'�(� �. 7)22 :(279-268 .  

%<��� �d0,�. %d(V�� ) .`(V�1389A��
> ��(#
bS �+ ��
O v��N, !
B@ �(_l� %@��+ .(A<�S ��(� %�� (Portulaca oleracea L.) .

W'�GH&��5� %���� ��' �8)4 �(621-615 . 

��\�+�(,� ��Y�� �.g� ��
H �%�� �.%��V�� �.g� ��. %��+�\ ����'. )1391 .( U], A/B�, %�(,� e(@ ~��?, %S�+ �� �Z4< $(-q� %+�5���

&��d@ &��@� �� .W'�GH� X�S �
��) X�S ��' Q� �(26)3 �(243-235 .  

�%>�V�(, A�4]S �.�?dV��
H g� � �.��Y, .U(4V�d0, ���< �
H)1392$45� ���(_l� %@��+ .(  $O���, P/B�, ���� �(�
� %B(0,

&��5� �� .%-( ) $45� f(0, A5��� �66)2 �(232-223 . 

%�
���(, ��Z-> �.%�(4V �U4V �d0, �(@. )1392 .((, %q��� e@��� %+�5���&�&�(, A-@
� ���+ &���� �YO %�<�+�?<�  ���Z�@� �+

�� % (��� AHP  �GIS .%d�� A,���b<-%�'�GH  ���YO ��-��B,3)9 :(80-69 .  

&�(Z@
5 %S�ZY\� V�.�� e(  �+��Y�, %���� ��.�q�(� ����N+ ���.��Yd���  ���+� 8"> %ZB�� .U(,� )1396.(  Q��> ��
, �_� %@��+

 �A+
)���) A<�S %5���� ��(� %Z(� � %d� ���d� �+ %5�(d(O � %�� ��'�
�Portulaca oleracea L. ��� � ��5��< A�], .��
'� A/B�, �� (

%'�(� ���� 4)13(� 96-87 . 
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