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Figure. 1. Life cycle assessment framework (ISO 14040, 1997). 
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)Biswas et al., 2008; Brentrup et al., 2004a.(
 - M����8����"*�:  ����� FID� �� ���4 ��

K�	 
 B������?�����K�L� �
� ���, ��HNH3  �NOx 
K�	 
 �K�L� *�I���� �
� �	4 ��HN  �P �4 �	 ��H
 �;=�!�� )Brentrup et al., 2004a( �&< � N�� ���#

 ��0V�
�i �	 K�	 ���#��� � 
 ���#��Z�L�K � ���, ��H
 
�4�	 �	4�J ) 6��Z2 ()Biswas et al., 2008; 

Brentrup et al., 2004a.(  
 ������ N�� �	 ��0V� � �C�T� ��� ���# �� ���	�

K�	 ��
��K�L� 5��� �	 K�D# ��<�� ��HB�C��  A�7�
 ���7� BO����� ��*
�l �	 �J N��M� �T� . N��

���#��0V� ��H  FID� !�� N�T� !�H�� �	 ��>	 ��)R (
 U���" �� ����� 
�����)E (K�	 �� ��0V� ���p 
 �DJ�	 K�L�

i�	�� � ��J ��p�  ��0V�B4 �H ��� �	�  ���
�� �+��
�J ]j�� ) �<�M�1.(  

)1(                     � �� CFijEjRjIi ),(  

 �� \'],�J �B4 UTM<�
��� 5��� �	 �HISO  �	 �
 ��?��� �	 F	�D� 
 �Z�� ����p �� ��?��� �<�M� ��)2 (

�6������J ���� )Guinée, 1996; Guinée, 2001:(  

)2(                                          
refi

i
i I

I
N

,

�  

 
 ����<�M� N�� Ni : ],�J ��J 6���� 
��d�
��0V� ���# �	 y�	�� i  ����
�� �+�� ���� �	Ii : 
��d�

 ��J �I��;�)6������k (],�J 	����0V� ���# �	 y�i  �
Ii,ref  G���J 
 ��0V� ���# �H �	 y�	�� ],�J 
��d�

 FZ��!�� . ���# �H �	 y�	�� FZ�� ���d� ��j��� %�

 ���D�< G��� ��0V�)Lindeijer, 1996 (!�� ��J �R�
�.  

\�� ],�J ��J 6���� ��H �<�M� �� ��?��� �	
)3 (B���H J� ��0V� *�J �� ��B4 �H + �	 B�� �>
)W ( ��;< *�I��;� 
 ��0V� ���# �H�J )Brentrup

et al., 2004a(.  
)3(                                          

ijk

ijk
ijk T

C
W �  

 
 ����<�M� N�� Wijk : ],�J �	 y�	�� B��i  

 �d=D�j  6�� 
k �Cijk : ],�J �YM� 
��d�i  �d=D� 
j 

 6�� 
k  �Tijk:  ],�J ���	 A�H 
��d�i  �d=D� 
j 
 6�� 
k !�� .

�-  O���� ����" * P��=")Integration and 

interpretation:( !>�� ],�J �Y+�� N��,4 
-
K�	 ],�J B��D" !;� �=�;� !,�DJ)Eco-Index (

 ����� 
��M� ��LCA !��  �<�M� �� ��?��� �	)4 ( ���
 �J �I��;�)Brentrup et al., 2004a:(  

)4(                                  � �� iWNiEcoX  

 ��<�M� N�� 
 ��EcoX :!>�� ],�J K�	 �=�;�
 ����
�� �+�� ���� �	 !,�DJNi : �H ��J 6���� 
��d�

 � ��0V� ���#Wi : ���d� �� b� �H �	 y�	�� B��Ni !�� .
K�	 ],�J !�� ��z U	�n �!,�DJB��� ��DH  x�T��

��D�E4 x���� 
����� �� �J�� �=�;� !>�� *��0� �	 �H
 U	�n��k F	�D� �s�� �	 F	�D� A�7� B�C�� � !>�� G�;�

 �����!�� )Brentrup et al., 2004b .(  
K�L� �=�;� !>�� *��0� ������ N��	 ��<�� ��H

 �� ��?��� �	 
��� P� � �	4 K�D#LCA  a=� 
��. 

 BO�����) U��J180 -160 �200 -180 �220 -200 � 

<200 K�D# ��<�� K�L� ���	 
���H 
 BO����� K�#�Y�� 
 � �	440 -30 �50 -40 �60 -50 �<60  BO����� K�#�Y��

P� K�D# ��<�� K�L� ���	 
���H 
 ( �J ��
�	
)Fallahpour et al., 2012 .([D��� N��M� !�Z
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 6��Z2 - ]j�� 
��������# ����
�� ��0V� ��H  �M<�=�)Brentrup et al.,

2004b; Biswas et al., 2008(
Table 2. Characterization factor for each studied impact category 

(Brentrup et al., 2004b; Biswas et al., 2008)  
����Z [����# U�>���')6�M� �+��CO2 
����� K�#�Y�� ���� �	(  

Global warming potential (in kg CO2 equivalent per kg emission)
���)K�#�Y��(

Substance (kg)
���� ]j�� 
�����

Characterization factor
CO2 1  
CH4 21  
N2O 310  

B�J ����� U�>���')6�M� �+��SO2 
����� K�#�Y�� ���� �	(  
Acidfication potential (in kg SO2 equivalent per kg emission) 

���)K�#�Y��(
Substance (kg)

���� ]j�� 
�����
Characterization factor

SO2 1  
NOx 0.28  
NH31.30  

K�	 
 B������?����� U�>���'K�L����, ��H)6�M�NOx 
����� K�#�Y�� ���� �	(
Terrestrial eutrophication potential (in kg SO2 equivalent per kg emission) 

���)K�#�Y��(
Substance (kg)

���� ]j�� 
�����
Characterization factor

NOx1  
NH3 5  

K�	 
 B������?����� U�>���'K�L��	4 ��H)6�M�PO4 
����� K�#�Y�� ���� �	(  
Aquatic eutrophication potential (in kg PO4 equivalent per kg emission)  

���)K�#�Y��(
Substance (kg) 

]j�� 
���������
Characterization factor 

P1  
NO30.1  
NOx0.13  
NH40.33  
NH30.35  

N0.42  
NO3-N0.42  

  
!I>� K�D# ��YT"  �� A�7� SY�j� ���d� �	

��?��� F	��� %���	 �� BO�����  �J)Soltani, 2004 .(
U�J 
�C�� K�� �� ��?��� �	 �HSigma plot ��J P�
�.  

  
Q�� * O����  

 �	��	 ����� �	 P� � �	4 K�D# ��� ��YT" N���E�	
 �	8/3  �8/2  
���H 
 N� A�7� G���J 
220 -220  �
60 -50  ��4 !��	 
���H 
 BO����� K�#�Y��) 6��Z3.( 

 6��Z 5��� �	3  ��B��� ��DH  ��� ��YT" [D���
�� �!�� BO����� �� A�7� B�C�� �	 !I>� K�D# ]j

�� �� BO����� A�7� �� �J220  �60  
 K�#�Y��
K�	 ���	 ����� �	 
���HK�L� �I�	 �Z�� �P� � �	4 ��H

 �� B�C�� N�� �� [�	 B�C�� �<� ����# ��� ��YT"
!J��� ��� ��YT" �	 ���� ��0V� �BO����� . �� N�DwTH

�#��
�	 �� ���4�<�� ���J *������ �I� PLD��� ��H �
�� P� *ok �J)Bannayan et al., 2010( 
 �&< �
6�� �� �,�	 U	�n �H
�CT� �� ��Z�� U	�n [j	 �H

��
� �T� 
��>	 ��YT" �� ��I� !J��	.  
 K�D# ���<�� K�L� ����Z [����# U�>���' N�����	

 �	 �	��	 �	461/889 ���� �	 N	�� ��>�� � 6�M� �+�� 
 N� b� ��� a=� ���	 �� [�	 ���220  K�#�Y��

 �	 �	��	 P� K�D# ���	 � 
���H 
 BO�����73/937  �+��
 a=� ���	 ��� N� b� ���� �	 N	�� ��>�� � 6�M�

 �� [�	 ���60 Ul�+ 
���H 
 BO����� K�#�Y��
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�J . 
����� B�C��CH4  C�� BO����� A�7� v�=� K�T� 

K�	 ���	K�L� P� � �	4 ��H���I>�  �	 P�) U�J2.(  

���jY# ��H��# 
����� � ��<�� ��T" U�< �� �s�� �	
CO2  �N2O K�	 
K�L� A�7� �	 y�	�� K�D# ��<�� ��H

!,�� � �Y�>� ��H�	 #
�����  SY�j� *E4 N�J��
 N�DwTH � !J��	 � !J� �!J�� *��YT" ���	 �i

 � ��<�� �D�4��!�� BO����� �� A�7� . � 
�' vo�
H B�
��T)Fallahpour et al., 2012 (K�L� ��
�	 �	 ��H

 N�����	 �� �D�J� 
��q� C�� B����, 
 K�D# ��<��
 �	 �	��	 �	4 K�L� ���	 ����Z [����# U�>���'12/1164 

 ���	 ��� N� b� ���� �	 N	�� ��>�� � 6�M� �+��
 ��� a=�180 -160  K�L� ���	 � 
���H 
 K�#�Y��

�	��	 P�  �	46/805  ���� �	 N	�� ��>�� � 6�M� �+��
 Ul�+ ��� N� b��J . B�
��TH � uD�<��>��

)Meisterling et al., 2009 (K�	 �	���
� �	K�L� ��H
 �� ��?��� �	 �����4 
 b���#
� � W��
 K�D# ��<��LCA 

 K�L� 
 B�� K�#�Y�� b� ��<�� �.�#� �D�J� 
��q�
 ��<�� {"�	 b���#
�30  ��>�� � 6�M� �+�� K�#�Y��

 
����� 
��d� �� ��T� ����� �	 B�C�� N�� �<� ��J N	��
�	 �����' K�L� 
 B4 .�	 ��o"  ��>�� � !LYk [��C��

��
�	 �,�	 ���J&# B��n �i N	�� !�� �� B��� �H
��  !LYkN2O  �� N��� ��� �?>T�� 
275  �	319 

ng/g � ��MDl �od�� �i 
 N�� �� !�� ����� [��C�
!�� ��J B�� ��E ���j� �Z�� [��C�� . �N�DwTH

 �?>T�� 
 ��# !LYk N�� �.�#����I>�  P�!�� �<� �
 B4 [����# U�>���'310  N	�� ��>�� � �� ����	 �	��	

 !��)Crutzen, 1981 .(59  
����� U� �l
CO2  �	

�i ��� ����T�J ��H�� ��<�� �	 y�	�� P�d�>� ��O��

 !��)Brentrup et al., 2004b .( �. �#� ������ N��	
 �H 
 K�D# ��� ��YT" �BO����� �� A�7� [��C�� �	

�I�	 P� � �	4 K�L� � N�� A�7� [��C�� �<� �!��� 
�D�CH [��C�� �	 ��o" ��� 
����� [��C�� ���<�� ��H

CO2 ���jY# ��H��# ���� � 6�I� �	 �
 G�;� �	 ��
� .
 B�
��TH � B��
�	)Barton et al., 2008 ( ���T� %
�C#

���jY# ��H��# 
����� B�C�� ��K�L� N�	 
 �� ��H
 � ���, ��T�Yn� G���J �!����� �	 ��>	 *ok SY�j�

�	 *��?�� ��<�� K�L� . 
�����N2O  P�d�>� 
�i �	
 !�� ����T�J ��H�� A�7� � ��<�� �	 ��>	��

)Brentrup et al., 2004a .( N��	)Bouwman, 1990 (

K�	 �� ��# N�� 
����� B�C�� ��T" U�<K�L� �"�
� ��H �

A�7�  ����T�J ��H���T� ���M� .��
�	 - � ��


 B�
��TH)Barker-Reid et al., 2005 ( ��# ��E�� 
�����
N2O  �	 �	��	 �
 ��<����� P� K�D# ��<�� x
�C� ��27/0 -

2/0 kgN2O-N/ha )11/0 -06/0 ���7� BO����� �l
( 
���T� %
�C# .B4 �H  A�7� �	 �
 ��� N�� ��T" U�<

 y�	�� ��
���, *��YT" � ��O����� ����T�J ��H��
�D�>�� .t�����	  B�
��TH �)Brentrup et al., 2004b (

 
����� B�C�� �� �D����
NH3  �	 ��>	�� ���� B�C�� �	
O����� �� A�7� B�C�� �	 �!�� B
�i� ��  [��C�� �	

 C�� G�;� �	 ��# N�� 
����� B�C�� �BO����� A�7�
!��� [��C�� . B�dd;� N�� �� �D�J� 
��q� N�DwTH

 ������4 U�>���'NH3  �	 ��n ���>ITH G�;� �	

� ����T�J *
�l �	 BO����� A�7� B�C�� . �	 �Z�� �	

���jY# ��H��# 
����� �E�	 P���	 � ��  �s��N2O  ��
�� �K�D# ��<�� x
�C� [H�� ��L� ���H
��H�
 �� B���

 B��D" �	 �<4 ��H�� A�7� � ��
���, *��YT"
 !>Z ���	 ����T�J ��H�� ���	 �D�C���Z

)Braschkat et al., 2003 .( B�
��TH � �
���
)Moudry et al., 2013 ( 
����� B�C��CO2  K�L� ���	

	 �	��	 �
 K�D# ��<�� �5581/0 ���T� 
�4�	 K�#�Y�� .
��T" N�� �	 ��o" 
����� U�E N���CH4 K�	 
K�L� ��H

 G���J ���� � ��� ��H�� A�7� �� �J�� �"�
�
 �	�n�k!�� . ��0V� !;� ����T" ��# N�� 
����� ��I<�

!�<�M�!�� B�>�� ��MDl ��H . �	��N �Z� �	 ��>��	 �
�.�#� �� �Z�� P�� N��  !LYkCH4  �?>T�� 
 �Z��

 �� ��T�CO2 !�� B4 ����Z [����# U�>���' �<� �21 
 �� ����	 �	��	CO2  !��)FAO, 2003.(

 K�D# ���	 B�J ����� ��0V� ���# U�>���' N���E�	
 �	 �	��	 �	453/1  ���� �	 �#�# ��>�� � 6�M� �+��

 �� [�	 
��d� ���	 ��� N� b�220 ����� K�#�Y�� 
 BO
 �	 6�M� P� K�D# ���	 � 
���H03/3  � 6�M� �+��

 �� [�	 a=� ���	 ��� N� b� ���� �	 �#�# ��>��60 
��4 !��	 BO����� K�#�Y�� .���� N�DwTH K�L� N���

 �	4 K�D# ��<��)BO����� �� A�7� B�C�� N���E�	( 
 B�C�� N�����	 
�����NH3  ����� ���#��� 
 G�;� �	

�J �Z�� �
 B�J ) U�J3 .( A�7� �+ �� [�	 [��C��
K�L� 
 ��O����� ��H�� [��C�� {"�	 K�D# ��<�� ��H

��D�E4 
������
 B�J ����� U�>���' � �J G�;� �	 �H 
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 6��Z3 - BO����� �� A�7� B�C�� 5��� �	 �	4 � P� K�D# ��� ��YT" N������  
Table 3. Average grain yield of dryland and irrigated wheat based on N fertilizer level 

�	4 K�D#
Irrigated wheat 

P� K�D#
Rainfed wheat

 BO����� �� A�7� B�C��)K�#�Y��

���H 
(

N fertilizer level (kg.ha-1) 
 ��YT")
���H 
 N�(

Yield (t.ha-1) 

 BO����� �� A�7� B�C��
)
���H 
 K�#�Y��(

N fertilizer level (kg.ha-1)  
 ��YT")
���H 
 N�(

Yield (t.ha-1) 

160-180  2.92 30-40  0.77  
180-200  3.61 40-50  1.07  
200-220  3.83 50-60  2.83  

<220  3.55 <60  0.49  
  

  

  

 U�J2 - ���jY# ��H��# ����Z [����# U�>���'K�L� ���
�� �+�� b� �� �	4 K�D# ��<�� ��H)S<� ( P� �)� ( 

��� �� SY�j� v�=� BO��)
���H 
 BO����� K�#�Y��(.  

Figure 2. Global warming potential for one functional unit of (a) irrigated and (b) rainfed wheat at 
different nitrogen levels (kg N.ha-1).
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� [��C��� �
�i �	 �� U�J �	 �Z�� �	3  !�� ]j��
� � �	 C�� ������4 
����� �BO����� A�7� B�C�� [��C�� �	

!��� [��C�� �=, *
�l . 
����� N�� U�< B�dd;� �,�	
 B4 �	
�� �� \' ������4 K�� �	 BO����� ��jI� �	 �
 


K�	K�L� N�� �E�	 A�7� G���J 
 �s�� �	 �"�
� ��H
 �7D" ��� !I>�)Fallahpour et al., 2012 .(vo� 

 B�
��TH � 
�')Fallahpour et al., 2012 ( N���E�	
 �	4 K�D# 
 B�J ����� B�C��)95/1  � 6�M� �+��

 a=� ���	 �
 ��� N� b� ���� �	 �#�# ��>��180 -
160 ��� K�#�Y��
���H 
 BO�� ( P� �)70/1  �+��

 �� ��E�	 ��� a=� ���	 �#�# ��>�� � 6�M�40 
K�#�Y�� (���� 
���T� %
�C# B����, B . � 5�H

 B�
��TH)Haas et al., 2001 ( !;� F��� �� �D����

 U�>���' ��O��� A�7� [H�� �	 ��o" b���#
� !�����
 �	 F��� �	 !I>� ���T� B�J ����� � ����Z [����#

!J� W��
 !����� . U�>���' N�DwTH B�dd;� N��
�
���� B�J �������� !;� ���J ��# ��H !��

 ����� �	 �
 ���� � ���>#119  �136  6�M� �+��
 N	�� ��>�� ����T� %
�C# 
���H b� ���� �	 .B4 �H 

P� !����� 6�T"� �	 �
 ��� N�� U�< ��DI� �	 ����
��
���, � �<4 ��H�� A�7���� !I>� Un��+ ��H.  
K�L� B������?����� *��0� ��� � 
 K�D# ��<�� ��H

 ���#$��' [j	 � N�� ���� ��J ��
�	 ���, � �	4-
 �l�D" [��C�� �	 !I>� ����?�� ��H �	 �0@�

�� B��� B������?����� �DH)Brentrup, 2003; 
Brentrup et al., 2004b .( B������?����� U�>���'

��D�E4G�;� 
 SY�j� ��H ����� �	 ���, � �	4 ��H
 5��� �	PO4  �NOx �J 
�4�	 .��	 U�>���' N���

 �	 �	��	 �	4 K�D# ��<�� ���	 �	4 G�;� 
 B������?�����
41/2  6�M� �+��PO4  a=� ���	 ��� N� b� ���� �	

 �� ����	220  K�D# ���	 � 
���H 
 BO����� K�#�Y��
 �	 �	��	 P�74/3  6�M� �+��PO4  ��� N� b� ���� �	

 �� ����	 BO����� 
��d� ���	60 K�#�Y�� �J Ul�+ . 

��D�E4 
����� �BO����� �� SY�j� ���d� �	 SY�j� ��H
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Figure 3. Acidification potential for one functional unit of (a) irrigated and (b) rainfed wheat 
at different nitrogen levels (kg N.ha-1).
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Figure 4. Potential of aquatic and terrestrial eutrification for one functional unit of (a and c) irrigated 
and (b and d) rainfed wheat at different nitrogen levels (kg N.ha-1).
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Figure 5. Normalized indicator values of (a) irrigated and (b) rainfed wheat at different nitrogen 

levels (kg N.ha-1).
  

��4 . B�
��TH � ��
�����)Iriarte et al., 2010 ( ��
�	 �	
 N���E�	 �� �D�J� B��	 �CY� � B���	���4 ��<�� K�L�
�04 

���# ���	 �=�;� !>�� � ����Z [����# ��0V� ��H
 Ul�+ B������?������J .B4�H  � ��<�� �	 �
 ��� N�� U�<

 ��<�� [��C�� ���	 ����T�J ��H�� �+ �� [�	 A�7�
!,�� A�7� N�DwTH � �"�
� *E�7;� N�� ��H

 ��
���, SY�j� *��YT" [H�� ��0V� !;� �Y�>�
��� !I>� . �J���H)Hayashi, 2005 ( �� !���
 C��

 �Z
 �	 ��n ���>ITH �"�
� *��YT" �#���
�04 
>�� N� b� ��<�� ���� �	 �=�;� ! ����� �Z�# ����

!J�.  
	 � � W���� �	 �Z�� �	 ��Y� 
�i K�D# K�L� � �>��d� �	

�� �L� �	 P� � �	4 �� A�7� 
��d� �.�#� ��

�!�� P� K�L� �� ��E�	 ����� �	 �	4 K�L� 
 BO�����



40                            K�,B�
��TH � 6 : ��
�	
�04 K�L� �=�;� !>��*��+ �,�. �	���
� �� ��?��� �	 
��� 
 K�D# ��<�� ��H

  

  

  

 U�J6- 
�� �+�� b� ���� �	 �=�;� !>�� ],�J x�T��K�L� ��� �	4 K�D# ��<�� ��H)S<� ( P� �)� ( v�=� 

 BO����� �� SY�j�)
���H 
 BO����� K�#�Y��(.

Figure 6. Aggregated environmental indicator value (Eco-X) for one functional unit of (a) irrigated and 
(b) rainfed wheat at different nitrogen levels (kg N.ha-1). 
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Abstract 

Life cycle assessment (LCA) is a methodology for assessing the environmental impacts associated 
with a product, by identifying, quantifying and evaluating the resources consumed, and all emissions 
and wastes released into the environment. This study examined the environmental impacts for irrigated 
and rainfed wheat agroecosystems of Iran based on nitrogen levels by using LCA methodology during 
year of 2013. Four steps such as goal definition and scoping, inventory analysis, life cycle impact 
assessment and integration and interpretation were considered based on ISO 14040 methods. Impact 
categories were global warming, acidification, terrestrial eutrpphication and aquatic eutrpphication. 
After normalization and weighting of the indicator values, environmental impacts (EcoX) was 
calculated. The results showed that the highest yield for irrigated and rainfed wheat agroecosystems 
were recorded with 3.8 and 2.8 t.ha-1 by using 200-220 and 50-60 kg N.ha-1, respectively. In irrigated 
wheat agroecosystem, the maximum global warming, acidification, aquatic eutrophication and 
terrestrial eutrophication were observed in >220 kg N.ha-1 with 889.61 CO2 equiv./t grain, 1.53 SO2
equiv./t grain, 2.41 PO4 equiv./t grain and 1.11 NOx equiv./t grain, respectively. In rainfed wheat 
agroecosystem, these values calculated in >60 kg N.ha-1 with 937.73 CO2 equiv./t grain, 3.03 SO2
equiv./t grain, 3.74 PO4 equiv./t grain and 5.05 NOx equiv./t grain, respectively. EcoX ranges for 
irrigated and rainfed agroecosystems were calculated with 0.47-0.55 and 0.34-0.43 per one ton grain, 
respectively. 

Keywords: Acidification, Aquatic eutrpphication, Environmental impact, Global warming, Terrestrial 
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