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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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1 Portulaca oleracea L. 
2 Portulacaceae 
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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 



  

  

  

  

35   ----------------------------  � ��	�� � �!���!"# ��
$� ��%� &� ��
'(  ��	� �� &)*� +'�
,-# ./0� ...  

 

 �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 . 

Amiri, Z., Asgharipour, M. R., Campbell, D. E., & Armin, M. (2020). Extended exergy analysis (EAA) of two canola 
farming systems in Khorramabad, Iran. Agricultural Systems, 180, 102789.  

Bakhtiari, A. A., Hematian, A., & Sharifi, A. (2015). Energy analyses and greenhouse gas emissions assessment for the 
saffron production cycle. Environmental Science and Pollution Research, 22, 16184-16201.  



  

  

  

  

38   -------------------  �� ��	
���
� �

��� ����  ����13 ����� �40� �
	 1403  

 
Bojacá, C. R., Wyckhuys, K. A. G., & Schrevens, E. (2014). Life cycle assessment of Colombian greenhouse tomato 
production based on farmer-level survey data. Journal of Cleaner Production, 69, 26-33.   

Brentrup, F., Kusters, J., Kuhlmann, H., & Lammel, J. (2004). Environmental impact assessment of agriculture production 
systems using the life cycle assessment methodology. I. The theoretical concept of an LCA method tailored crop production. 
European of Agronomy Journal, 20, 247-264.  

Brentrup, F., Kusters, J., Lammel, J., & Kuhlmann, H. (2000). Methods to estimate on-field nitrogens from crop production 
as an input to LCA studies in the agricultural sector. International Journal of Life Cycle Assessment, 5, 349-357.  

Campitelli, P., & Ceppi, S. (2008). Chemical, physical and biological compost, and vermicompost characterization: A 
chemometric study. Chemometrics and Intelligent Laboratory Systems, 90, 64-71.  

Charles, R., Jolliet, O., Gaillard, G., & Pellet, D. (2006). Environmental analysis of intensity level in wheat crop production 
using life cycle assessment. Agriculture, Ecosystems and Environment, 113, 216-225.  

Esmaeilzadeh, S., Asgharipour, M. R., & Khoshnevisan, B. (2020). Water footprint and life cycle assessment of edible onion 
production case study in Iran. Scientia Horticulturae, 261, 108925.  

Fallahpour, F., Aminghafouri, A., Ghalegolab Behbahani, A., & Bannayan, M. (2012). The environmental impact assessment 
of wheat and barley production by using life cycle assessment (LCA) methodology. Environment, Development and 
Sustainability, 14, 979-992.  

Finkbeiner, M., Inaba, A., Tan, R. B. H., Christiansen, K., & Klüppel, H. J. (2006). The new international standards for life 
cycle assessment: are ISO 14040 and ISO 14044. International Journal of Life Cycle Assessment, 11, 80-85.  

Garg, P., Gupta, A., & Satya, S. (2006). Vermicomposting of different types of waste using Eisenia foetida: A comparative 
study. Bioresource Technology, 97, 391-395.  

Gasol, C. M., Gabarrell, X., Anton, A., Rigola, M., Carrasco, J., Ciria, P., Solano, M. L., & Rieradevall, J. (2007). Life cycle 
assessment of a Brassica carinata bioenergy cropping system in southern Europe. Biomass and Bioenergy, 31, 543-555.  

Havlin, J., Beaton, J., Tisdale, S., & Nelson, W. (2014). Soil Fertility and Fertilizers. New Jersey: Prentice Hall. 516p. 
https://www.taylorfrancis.com/chapters/edit/10.1201/9780429445552-34/soil-fertility-nutrient-management-john-havlin  

Jafari, M., Asgharipour, M. R., Ramroudi, M., Galavi, M., & Hadarbadi, G. (2018). Sustainability assessment of date and 
pistachio agricultural systems using energy, energy, and economic approaches. Journal of Cleaner Production, 193, 642-651.  

Javadi, A., Rahmati, M. H., & Tabatabaeefar, A. (2009). Sustainable tillage methods for irrigated wheat production in 
different regions of Iran. Soil and Tillage Research Journal, 104, 143-149.  

Khoshnevisan, B., Rafiee, S. H., Omid, M., & Mousazadeh, H. (2013). Applying data envelopment analysis approach to 
improve energy efficiency and reduce GHG (greenhouse gas) emission of wheat production. Energy, 58, 588-593.  

Khwairakpam, M., & Bhargava, R. (2009). Vermitechnology for sewage sludge recycling. Journal of Hazardous Materials, 
161, 948-954.  

Kjeldahl, J. (1883). Neue Methode zur Bestimmung des Stickstoffs in organischen Körpern (New method for the 
determination of nitrogen in organic substances). Zeitschrift für analytische Chemie, 22, 366-383.  

Kopiñski, J. (2012). Realization of environmental and economic objectives by the farms of various specialization directions 
(in Polish). Problems Agricultural Engineering, 2, 37-45.  

Kronvang, B., Rubak, G. H., & Heckrath, G. (2009). International phosphorus workshop: Diffuse phosphorus loss to surface 
water bodies- risk assessment, mitigation options, and ecological effects in river basins. Journal of Environmental Quality, 
38, 1924-1929.  

Kropp, I., Nejadhashemi, A. P., Deb, K., Abouali, M., Roy, P. C., Adhikari, U., & Hoogenboom, G. (2019). A multi-
objective approach to water and nutrient efficiency for sustainable agricultural intensification. Agricultural Systems, 173, 
289-302.  

MacWilliam, S., Wismer, M., & Kulshreshtha, S. (2014). Life cycle and economic assessment of Western Canadian pulse 
systems: the inclusion of pulses in crop rotations. Agricultural Systems, 123, 43-53.  

Mardani Najafabadi, M. M., Ziaee, S., Nikouei, A., & Borazjani, M. A. (2019). Mathematical programming model (MMP) 
for optimization of regional cropping patterns decisions: A case study. Agricultural Systems, 173, 218-232.  

Nabavi-Pelesaraei, A., Rafiee, S., Mohtasebi, S. S., Hosseinzadeh-Bandbafha, H., & Chau, K. W. (2018). Integration of 
artificial intelligence methods and life cycle assessment to predict energy output and environmental impacts of paddy 
production. Science of the Total Environment, 631-632, 1279-1294.  

Najafi-Ghiri, M., Abtahi, A., Karimian, N., Owliaie, H., & Khormali, F. (2011a). Kinetics of non-exchangeable potassium 
release as a function of clay mineralogy and soil taxonomy in calcareous soils of southern Iran. Archives of Agronomy and 
Soil Science, 57, 343-363.  



  

  

  

  

39   ----------------------------  � ��	�� � �!���!"# ��
$� ��%� &� ��
'(  ��	� �� &)*� +'�
,-# ./0� ...  

 
Najafi-Ghiri, M., Abtahi, A., Owliaie, H., Hashemi, S. S., & Koohkan, H. (2011b). Factors Affecting Potassium Pools 
Distribution in Calcareous Soils of Southern Iran. Arid Land Research and Management, 25, 313-327.  

Nemecek, T., Dubois, D., Huguenin-Elie, O., & Gaillard, G. (2011). Life cycle assessment of Swiss farming systems: I. 
Integrated and organic farming. Agricultural Systems, 104(3), 217-232.  

Nikkhah, A., Taheri-Rad, A. R., Khojastehpour, M., Emadi, B., & Khorramdel, S. (2015). Environmental impacts of peanut 
production system using life cycle assessment methodology. Cleaner Production, 92, 84-90.  

Noorgholi Poor, F., Bagheri, Y. R., & Lotfolahi, M. (2009). Effect of different sources of nitrogen fertilizer on yield and 
quality of wheat. Journal of Research in Agricultural Science, 4, 120-129.  

Olsen, S. R., Cole, C. V., Watanabe, F. S., & Dean, L. A. (1954). Estimation of Available Phosphorous in Soils by Extraction 
with Sodium Bicarbonate. U.S. Department of Agriculture, Washington DC: USDA Circ, 939p. 
https://ia903207.us.archive.org/21/items/estimationofavai939olse/estimationofavai939olse.pdf  

Prechsl, U. E., Wittwer, R., Van der Heijden, M. G., Lüscher, G., Jeanneret, P., & Nemecek, T. (2017). Assessing the 
environmental impacts of cropping systems and cover crops: Life cycle assessment of FAST, a long-term arable farming field 
experiment. Agricultural Systems, 157, 39-50.  

Sahabi, H., Feizi, H., & Karbasi, A. (2016). Is saffron more energy and economically efficient than wheat in crop rotation 
systems in northeast Iran? Sustainable Production and Consumption, 5, 29-35.  

Valiante, D., Sirtori, I., Cossa, S., Corengia, L., Pedretti, M., Cavallaro, L., & Boccardelli, A. (2019). Environmental impact 
of strawberry production in Italy and Switzerland with different cultivation practices. Science of the Total Environment, 664, 
249-261.  



 

References  
References (in Persian) 
Asadi, H. A., Hassandaught, M. R., & Dashti, F. (2007). Comparison of fatty acids, oxalic acid, and mineral varieties of 
seeds and leaves of purslane Iranian foreign examples. Journal of Food Science, 3(3), 49-54. [In Persian]  

Firouzi, S., & Nikkhah, A. (2015). Life cycle assessment of peanut production in sole cropping and mixed intercropping with 
bean systems. Journal of Plant Ecophysiology, 7(22), 268-279. [In Persian]  

Javadi, H., Rezvani Moghaddam, P., Seghatoleslami, M., & Mosavi, G. (2017). Effect of sowing date and plant density on 
yield and yield components of common purslane (Protulaca Oleracea L.). Iranian Journal of Field Crops Research, 15(1), 
113-123. [In Persian]  

Kafi, M., & Rahimi, Z. (2010). Effect of Salinity on Germination Characteristics of Purslane (Portulaca oleracea L.). Iranian 
Journal of Field Crops Research, 8(4), 615-621. [In Persian]  

Khanali, M., & Hosseinzadeh Bandbafha, H. (2017). Assessment of the energy flow and environmental impacts of 
greenhouse production of medicinal plants with life cycle assessment approach- case study of aloe vera. Iranian Journal of 
Biosystems Engineering, 48(3), 361-377. [In Persian] 

Khorramdel, S., Rezvani Moghaddam, P., & Amin Ghafori, A. (2014). Evaluation of environmental impacts for wheat 
Agroecosystems of Iran by using Life Cycle Assessment methodology. Cereal Research, 4(1), 27-44. [In Persian] 

Mirbagheri, E., Abbaspour, A., Rouhani, A., & Ghorbani, H.. (2012). Evaluation of phosphorus status in some potato fields 
of Mojen region in Semnan Province. Iranian Journal of Soil Research (Formerly Soil and Water Sciences), 26(3), 235-243. 
[In Persian]  

Mirhaji, H., Khojastehpour, M., & Abbaspour-Fard, M. (2013). Environmental Impact Study of Wheat Production in 
Marvdasht Area of IRAN. Journal of Natural Environment, 66(2), 223-232. [In Persian]  

Mirkatoli, J., & Hosseini, M. H. (2014). Internal lands suitability evaluation for interior development in Gorgan city using 
AHP and GIS. Motaleate Shahri, 3(9), 69-80. [In Persian] 

Rahimi, Z., Kafi, M., Nezami, A., & Khazaie, H. R. (2011). Effect of salinity and silicon on some morphophysiologic 
characters of purslane (Portulaca oleracea L.). Iranian Journal of Medicinal and Aromatic Plants, 27(3), 359-374. [In 
Persian]  

Rousta, M., Ebrahimzadeh, I., & Istgaldi, M. (2018). Assessment of urban social resilience (case study: city of Zahedan). 
Research and Urban Planning, 9(32), 1-14. [In Persian] 

Yusefian Ghahfarokhi, H. A., Abdali Mashhadi, A., Bakhshandeh, A., & Lotfi Jalal Abadi, A. (2015). Evaluation of the 
effect of attracting moisture substances and organic fertilizers on quality and quantity yield of Purslane (Portulaca oleracea 
L.) in the Ahwaz region. Journal of Plant Process and Function, 4(13), 87-96. [In Persian] 
 
References (in English) 
Amiri, Z., Asgharipour, M. R., Campbell, D. E., & Armin, M. (2020). Extended exergy analysis (EAA) of two canola 
farming systems in Khorramabad, Iran. Agricultural Systems, 180, 102789.  

Bakhtiari, A. A., Hematian, A., & Sharifi, A. (2015). Energy analyses and greenhouse gas emissions assessment for the 
saffron production cycle. Environmental Science and Pollution Research, 22, 16184-16201.  

Bojacá, C. R., Wyckhuys, K. A. G., & Schrevens, E. (2014). Life cycle assessment of Colombian greenhouse tomato 
production based on farmer-level survey data. Journal of Cleaner Production, 69, 26-33.   

Brentrup, F., Kusters, J., Kuhlmann, H., & Lammel, J. (2004). Environmental impact assessment of agriculture production 
systems using the life cycle assessment methodology. I. The theoretical concept of an LCA method tailored crop production. 
European of Agronomy Journal, 20, 247-264.  

Brentrup, F., Kusters, J., Lammel, J., & Kuhlmann, H. (2000). Methods to estimate on-field nitrogens from crop production 
as an input to LCA studies in the agricultural sector. International Journal of Life Cycle Assessment, 5, 349-357.  

Campitelli, P., & Ceppi, S. (2008). Chemical, physical and biological compost, and vermicompost characterization: A 
chemometric study. Chemometrics and Intelligent Laboratory Systems, 90, 64-71.  

Charles, R., Jolliet, O., Gaillard, G., & Pellet, D. (2006). Environmental analysis of intensity level in wheat crop production 
using life cycle assessment. Agriculture, Ecosystems and Environment, 113, 216-225.  

Esmaeilzadeh, S., Asgharipour, M. R., & Khoshnevisan, B. (2020). Water footprint and life cycle assessment of edible onion 
production case study in Iran. Scientia Horticulturae, 261, 108925.  

Fallahpour, F., Aminghafouri, A., Ghalegolab Behbahani, A., & Bannayan, M. (2012). The environmental impact assessment 
of wheat and barley production by using life cycle assessment (LCA) methodology. Environment, Development and 
Sustainability, 14, 979-992.  



 

 

 
2  ------------ ---------------------- - - -------------------  Journal of Natural Environmental Hazards, Vol.13, Issue 40, June 2024 

 
Finkbeiner, M., Inaba, A., Tan, R. B. H., Christiansen, K., & Klüppel, H. J. (2006). The new international standards for life 
cycle assessment: are ISO 14040 and ISO 14044. International Journal of Life Cycle Assessment, 11, 80-85.  

Garg, P., Gupta, A., & Satya, S. (2006). Vermicomposting of different types of waste using Eisenia foetida: A comparative 
study. Bioresource Technology, 97, 391-395.  

Gasol, C. M., Gabarrell, X., Anton, A., Rigola, M., Carrasco, J., Ciria, P., Solano, M. L., & Rieradevall, J. (2007). Life cycle 
assessment of a Brassica carinata bioenergy cropping system in southern Europe. Biomass and Bioenergy, 31, 543-555.  

Havlin, J., Beaton, J., Tisdale, S., & Nelson, W. (2014). Soil Fertility and Fertilizers. New Jersey: Prentice Hall. 516p. 
https://www.taylorfrancis.com/chapters/edit/10.1201/9780429445552-34/soil-fertility-nutrient-management-john-havlin  

Jafari, M., Asgharipour, M. R., Ramroudi, M., Galavi, M., & Hadarbadi, G. (2018). Sustainability assessment of date and 
pistachio agricultural systems using energy, energy, and economic approaches. Journal of Cleaner Production, 193, 642-651.  

Javadi, A., Rahmati, M. H., & Tabatabaeefar, A. (2009). Sustainable tillage methods for irrigated wheat production in 
different regions of Iran. Soil and Tillage Research Journal, 104, 143-149.  

Khoshnevisan, B., Rafiee, S. H., Omid, M., & Mousazadeh, H. (2013). Applying data envelopment analysis approach to 
improve energy efficiency and reduce GHG (greenhouse gas) emission of wheat production. Energy, 58, 588-593.  

Khwairakpam, M., & Bhargava, R. (2009). Vermitechnology for sewage sludge recycling. Journal of Hazardous Materials, 
161, 948-954.  

Kjeldahl, J. (1883). Neue Methode zur Bestimmung des Stickstoffs in organischen Körpern (New method for the 
determination of nitrogen in organic substances). Zeitschrift für analytische Chemie, 22, 366-383.  

Kopiñski, J. (2012). Realization of environmental and economic objectives by the farms of various specialization directions 
(in Polish). Problems Agricultural Engineering, 2, 37-45.  

Kronvang, B., Rubak, G. H., & Heckrath, G. (2009). International phosphorus workshop: Diffuse phosphorus loss to surface 
water bodies- risk assessment, mitigation options, and ecological effects in river basins. Journal of Environmental Quality, 
38, 1924-1929.  

Kropp, I., Nejadhashemi, A. P., Deb, K., Abouali, M., Roy, P. C., Adhikari, U., & Hoogenboom, G. (2019). A multi-
objective approach to water and nutrient efficiency for sustainable agricultural intensification. Agricultural Systems, 173, 
289-302.  

MacWilliam, S., Wismer, M., & Kulshreshtha, S. (2014). Life cycle and economic assessment of Western Canadian pulse 
systems: the inclusion of pulses in crop rotations. Agricultural Systems, 123, 43-53.  

Mardani Najafabadi, M. M., Ziaee, S., Nikouei, A., & Borazjani, M. A. (2019). Mathematical programming model (MMP) 
for optimization of regional cropping patterns decisions: A case study. Agricultural Systems, 173, 218-232.  

Nabavi-Pelesaraei, A., Rafiee, S., Mohtasebi, S. S., Hosseinzadeh-Bandbafha, H., & Chau, K. W. (2018). Integration of 
artificial intelligence methods and life cycle assessment to predict energy output and environmental impacts of paddy 
production. Science of the Total Environment, 631-632, 1279-1294.  

Najafi-Ghiri, M., Abtahi, A., Karimian, N., Owliaie, H., & Khormali, F. (2011a). Kinetics of non-exchangeable potassium 
release as a function of clay mineralogy and soil taxonomy in calcareous soils of southern Iran. Archives of Agronomy and 
Soil Science, 57, 343-363.  

Najafi-Ghiri, M., Abtahi, A., Owliaie, H., Hashemi, S. S., & Koohkan, H. (2011b). Factors Affecting Potassium Pools 
Distribution in Calcareous Soils of Southern Iran. Arid Land Research and Management, 25, 313-327.  

Nemecek, T., Dubois, D., Huguenin-Elie, O., & Gaillard, G. (2011). Life cycle assessment of Swiss farming systems: I. 
Integrated and organic farming. Agricultural Systems, 104(3), 217-232.  

Nikkhah, A., Taheri-Rad, A. R., Khojastehpour, M., Emadi, B., & Khorramdel, S. (2015). Environmental impacts of peanut 
production system using life cycle assessment methodology. Cleaner Production, 92, 84-90.  

Noorgholi Poor, F., Bagheri, Y. R., & Lotfolahi, M. (2009). Effect of different sources of nitrogen fertilizer on yield and 
quality of wheat. Journal of Research in Agricultural Science, 4, 120-129.  

Olsen, S. R., Cole, C. V., Watanabe, F. S., & Dean, L. A. (1954). Estimation of Available Phosphorous in Soils by Extraction 
with Sodium Bicarbonate. U.S. Department of Agriculture, Washington DC: USDA Circ, 939p. 
https://ia903207.us.archive.org/21/items/estimationofavai939olse/estimationofavai939olse.pdf  

Prechsl, U. E., Wittwer, R., Van der Heijden, M. G., Lüscher, G., Jeanneret, P., & Nemecek, T. (2017). Assessing the 
environmental impacts of cropping systems and cover crops: Life cycle assessment of FAST, a long-term arable farming field 
experiment. Agricultural Systems, 157, 39-50.  

Sahabi, H., Feizi, H., & Karbasi, A. (2016). Is saffron more energy and economically efficient than wheat in crop rotation 
systems in northeast Iran? Sustainable Production and Consumption, 5, 29-35.  

Valiante, D., Sirtori, I., Cossa, S., Corengia, L., Pedretti, M., Cavallaro, L., & Boccardelli, A. (2019). Environmental impact 
of strawberry production in Italy and Switzerland with different cultivation practices. Science of the Total Environment, 664, 
249-261. 




