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���µ�Á�|�m1 - �Ê�³�„�Ë�Á ���•�{����Z�y���É�Z�Å��Z�y���c�Á�Z�¨�f�»���–�Ë�Y�€�‹���d�v�e���¹�|�À�³���|�Ì�·�Â�e���•�•�Y�‚�»  
Table 1- Soil properties in wheat production under different soil conditions 

        ���������������Š�z�]              
 Item 

���d�§�Z�] 
Texture 

�Ê�°�Ë�€�f�°�·�Y���d�Ë�Y�|�Å 
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EC (dS.m-1) 
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pH 

�Ê�·�M���Ã�{�Z�» (%)  
Organic 

matter (%) 

�����€�¨�ˆ�§�Ê�¸�Ì�» ���•�{���¹�€�³

�¹�€�³�Â�¸�Ì�¯(  
P (mg.kg-1) 

���º�Ì�‡�Z�f�a�Ê�¸�Ì�»�� ���¹�€�³

�¯���•�{���¹�€�³�Â�¸�Ì 
K (mg.kg-1) 
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���Ä�Ÿ�•�‚�»1  
Field 1 

�Ê�‡�•���Ê�»�Â�· 
 Clay loam 

0.64 7.73 1.92 8.2 160 

���Ä�Ÿ�•�‚�»2  
Field 2 

�Ê�‡�•���¹�Â�·���Ê�À�‹ 
 Clay loam silt 

1.01 7.63 2.04 15.8 174 

���Ä�Ÿ�•�‚�»3  
Field 3 

�Ê�»�Â�·���Ê�‡�•���Ê�»�Â�· 
 Loam clay 

loam 
0.51 7.76 1.41 15.4 197 

���Ä�Ÿ�•�‚�»4  
Field 4 

�Ê�f�¸�Ì�‡���Ê�‡�•���Ê�»�Â�· 
Silt clay loam 

0.45 7.63 1.66 9.2 246 

���Ä�Ÿ�•�‚�»5 
 Field 5 

�Ê�»�Â�·���Ê�‡�•���Ê�»�Â�· 
 Loam clay 

loam 
0.35 7.72 2.11 19.5 401 

���Ä�Ÿ�•�‚�»6  
Field 6 

�Ê�»�Â�· 
Loam 

1.40 7.6 4.23 10.5 464 
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���Ä�Ÿ�•�‚�»1  
Field 1 

�d�¸�Ì�‡���Ê�»�Â�· 
 Silt loam 

0.61 7.62 2.04 13.1 391 

���Ä�Ÿ�•�‚�»2  
Field 2 

�Ê�‡�• 
 Clay 

0.55 7.71 1.34 5.6 234 

���Ä�Ÿ�•�‚�»3  
Field 3 

�Ê�‡�•���Ê�À�‹ 
Clay silt 

1.46 7.68 1.81 10.1 219 

���Ä�Ÿ�•�‚�»4  
Field 4 

�Ê�‡�•���Ê�f�¸�Ì�‡ 
Clay silt 

0.56 6.55 2.61 11.3 220 

���Ä�Ÿ�•�‚�»5 
 Field 5 

���Ê�‡�• 
Clay 

0.52 7.46 2.11 16.3 452 

���Ä�Ÿ�•�‚�»6  
Field 6 

�Ê�‡�•���Ê�»�Â�· 
Clay loam 

0.50 7.54 2.36 19.9 490 
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���Ä�Ÿ�•�‚�»1  
Field 1 

�Ê�‡�•���Ê�»�Â�· 
 Clay loam 

0.44 7.75 1.72 6.9 197 

���Ä�Ÿ�•�‚�»2  
Field 2 

�Ê�‡�• 
Clay  

0.51 7.66 2.04 5.5 238 

���Ä�Ÿ�•�‚�»3  
Field 3 

�Ê�f�¸�Ì�‡���Ê�‡�•���Ê�»�Â�· 
Silt clay loam 

0.52 7.65 2.56 6.1 246 

���Ä�Ÿ�•�‚�»4  
Field 4 

�Ê�‡�•���Ê�»�Â�· 
Clay loam 

0.39 7.77 1.41 11.4 145 

���Ä�Ÿ�•�‚�»5 
 Field 5 

�Ê�‡�•���Ê�»�Â�· 
 Clay loam 

0.47 7.72 1.53 12 160 

���Ä�Ÿ�•�‚�»6  
Field 6 

�Ê�‡�• 
 Clay 

0.53 7.40 1.15 4.9 167 

�Ä�f�§�Z�Ë�{�Â�^�Æ�]���‰�Á�•   
Improved method 

�Ê�f�¸�Ì�‡���Ê�‡�• 
Silt clay 

0.66 7.65 2.87 7.2 221 
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���|�•�•�{�Ã�•�Y�|�¿�Y �‹���É�€�Ì�³�•�Y�‚�»���•�Y���Š�¸�¯���Á���Ã�Z�¯���Ê�m�Á�€�y���Ž�·�Z�y���½�Y�‚�Ì�»�����|�����Z�/�]���•

�¾�Ë�Y���[�Z�ˆ�f�u�Y���Ä�¯25 ���������Ê�/�»���Ê�«�Z�/�]���•�•�Y�‚�/�»���•�{���Š�/�¸�¯���Á���Ã�Z�¯���•�Y���|�•�•�{ �����,�|�/�¿�Z�»

�����Ž�·�Z�/�y���Š�¸�¯���Á���Ã�Z�¯���•�{���{�Â�m�Â�»���É�ƒ�€�¿�Y���½�Y�‚�Ì�»���\�Ì�e�€�e���¾�Ë�|�]�����|�‹���Ä�^�‡�Z�v�»

�¶�•�Z�u���•�Y���{�|�Ÿ���•�{���Š�¸�¯���Á���Ã�Z�¯���Ê�m�Á�€�y���¶�¯���[�€�“75/0 ���¶�Ë�|�^�e���\�Ë�€�“���Á

�����¹�|�À�³���Ã�Z�¯���É�ƒ�€�¿�Y25/9 �����������•�{���µ�Á�ƒ�Z�/�´�»���\�/�ˆ�u���€�/�]�����¹�€�³�Â�/�¸�Ì�¯���€�]���µ�Á�ƒ�Z�´�»

���|�‹���Ä�^�‡�Z�v�»���•�Z�f�°�Å ���É�Y�€�]�Ä�]�����É�|�Ì�·�Â�e�����Ê�m�Á�€�y���É�ƒ�€�¿�Y���¾�Ì�Ì� �e ���Ã�|�»�M���d�‡�{

���•�Y�Ä�¿�Y�{ �‚�Ì�¿ �µ�{�Z� �»���•�Y���Ã�{�Z�¨�f�‡�Y���Z�] �������k�Y�€�z�f�/�‡�Y�����¶�Ë�|�/�^�e���\�Ë�Y�€�“�����É�ƒ�€�¿�Y���É�Z�Å

���Ä�]���•�Â�]�€�»���Ã�|�‹�Ä�¿�Y�{ �¹�|�À�³ �µ�{�Z� �» �|�Ë�{�€�³���É�•�Z�‡ ���µ�Á�|�m��3(���•�Y�|�¬�»���,�†�b�‡����

�½�M���Ê�m�Á�€�y���Á���É�{�Á�•�Á���É�ƒ�€�¿�Y���¶�¯ �����Ä�/�]���Z�/�Å �����������|�/�‹���Ä�^�/�‡�Z�v�»���Ä�/�¿�Z�³�Y�|�m���•�Â�/�—

)Singh et al., 2007; Soltani et al., 2013.( �������Ä�/�Ì�¸�¯���Ê�§�€�/�•�»���[�M

�����º�/�Ë�{���c�•�Â�•���Ä�]���Ä�f�§�Z�Ë�{�Â�^�Æ�]���Á���l�Ë�Y�•���d�‹�Z�¯���‰�Á�•���•�{���Ä� �·�Z�˜�»���{�•�Â�»���•�•�Y�‚�»

�É�{���•�Z�Œ�f�¿�Y���Á���É�ƒ�€�¿�Y���¥�€�•�»���Ä�¯���|�‹���¾�Ì�»�P�e ���¥�€�•�»���•�Y���Ê�‹�Z�¿���¾�]�€�¯���|�Ì�ˆ�¯�Y



1174     �É�•�•�Á�Z�Œ�¯���Ê�‡�Z�À�‹���¹�Â�]���Ä�Ë�€�Œ�¿���|�¸�m���,9���Ã�•�Z�¼�‹���,���½�Z�f�ˆ�»�•���,1396  

�����|�‹���Ä�f�§�€�³���€�œ�¿���•�{���€�¨�•���Š�z�]���¾�Ë�Y���Ä�]���•�Â�]�€�»���Ä�f�Ì�ˆ�Ë�€�f�°�·�Y���¶�¯���{�•�Á�M�€�]���Z�]

�É�ƒ�€�¿�Y �����,�Ê�/�m�Á�€�y���Á���É�{�Á�•�Á���É�Z�Å���¶�°�/�‹ �����������É�ƒ�€�/�¿�Y���¥�€�/�•�»���¦�/�¸�f�z�»���É�Z�/�Å

���Ž�z�Œ�»���Ä�¯���|�¿�|�‹�Ê�»���•�Z�¯���É�Á�€�Ì�¿���Á���d�y�Â�‡���¶�»�Z�‹���º�Ì�¬�f�ˆ�»���É�ƒ�€�¿�Y �����|�‹�Z�]

�������������¾�Ì�/�‹�Z�»���Á���¹�Â�¼�/�‡���,�{�Â�/�¯���,�•�~�/�]���¶�»�Z�/�‹���º�Ì�¬�f�/�ˆ�»�€�Ì�£���É�ƒ�€�¿�Y �������d�/�‡�Y���c�Ó�M

�Ê�»���•�~�]���Á���•�Z�¯���É�Á�€�Ì�¿���¶�»�Z�‹���€�Ë�~�a�|�Ë�|�n�e���É�ƒ�€�¿�Y���,�¾�Ì�À�r�¼�Å �������É�ƒ�€�/�¿�Y�����|�/�‹�Z�]

���¾�Ì�/�‹�Z�»���Á���Ê�Ë�Z�Ì�¼�Ì�‹���¹�Â�¼�‡���Á���{�Â�¯���,�d�y�Â�‡���¶�»�Z�‹���‚�Ì�¿���€�Ë�~�a�Z�¿�|�Ë�|�n�e ���c�Ó�M

�����d�‡�Y���É�•�•�Á�Z�Œ�¯Hatirli et al., 2006; Jarvis, 2000; Mandal et 

al., 2002; Mirin et al., 2001 .(  

  

���µ�Á�|�m3 - �µ�{�Z� �» �É�{�Á�•�Á���É�Y�€�]���É�ƒ�€�¿�Y���É�Z�Å �Ê�m�Á�€�y���Á���Z�Å �¹�|�À�³���|�Ì�·�Â�e���•�{���Z�Å  
Table 3- Energy content of inputs and outputs in wheat production 

�É�{�Á�•�Á ���Z�Å /�Ê�m�Á�€�y �Z�Å  
Inputs / Outputs 

�¥�€�•�»���|�u�Y�Á 

Unit   

�ƒ�€�¿�Y���µ�{�Z� �»���|�u�Y�Á���•�{���µ�Á�ƒ�Z�´�»�����É 

 Energy equivalent 
 (MJ.unit -1) 

�ž�^�À�»  
Reference 

�Ê�¿�Z�ˆ�¿�Y���É�Á�€�Ì�¿        
Human labor 

h 1.96 Johnson et al., 2007 

�������•�~�]  
Seed 

kg 15.7  
Canakci et al., 2005; Ozkan et al., 2004 

�¾�Ì�‹�Z�»���Á���c�Y�Á�{�Y �c�Ó�M  
a Machinery 

h 62.7 Canakci et al., 2005 

�ƒ�Á�€�f�Ì�¿�����������½    
N fertilizer 

kg N 60.6 Ozkan et al., 2004; Akcaoz et al., 2009 

���€�¨�ˆ�§  
P fertilizer 

kg P2O5 11.1 Ozkan et al., 2004; Akcaoz et al., 2009 

�º�Ì�‡�Z�f�a  
K fertilizer 

kg K2O 6.7 Ozkan et al., 2004; Akcaoz et al., 2009 

�µ�‚�Ë�{���d�y�Â�‡  
Diesel fuel 

L 38 Anonymous, 2008 

�©�€�]���É�Á�€�Ì�¿ 
Electricity  

kWh 12.1 Kaltsas et al., 2007 

�Ã�€�Œ�u �Š�¯  
 Insecticide  

kg a.i.b 237 Rathke and Diepenbrock, 2006; Tzilivakis et al., 2005a 

�o�•�Z�« ���Š�¯  
Fungicide  

kg a.i. 99 Strapatsa et al., 2001 

�¦�¸�Ÿ �Š�¯  
Herbicide  

kg a.i. 287 Rathke and Diepenbrock, 2006; Tzilivakis et al., 2005a 

���Ä�¿�Y�{  
Grain 

kg 14.7 Tipi et al., 2009; Singh et al., 2003 

���Š�¸�¯���Á���Ã�Z�¯  
Straw 

kg 9.25 Tabatabaeefar et al., 2009 

a: ���¶�¬�¿���Á���¶�¼�u���Á���É�•�Y�|�Æ�´�¿���,�c�Y�€�Ì�¼� �e���,�d�y�Z�‡���¶�»�Z�‹���É�ƒ�€�¿�Y���¾�Ë�Y�d�‡�Y.  
 .a: Includes energy required for manufacture, repair and maintenance and transportation of machines  

b :a. i. �½�Z�Œ�¿ �»���Ã�{�Z�»���½�Y�‚�Ì�»���Ã�|�À�Å�{�R���Ã�€�i�‡�Y���d                                                                           b: a. i. represents active ingredient  

  

�Ž�y�Z�‹ ���������É�ƒ�€�/�¿�Y���Ê�Ë�Y�•�Z�/�¯���Z�/�Ë���d�^�/�ˆ�¿���¶�Ì�^�«���•�Y���É�ƒ�€�¿�Y���Ê�]�Z�Ë�•�•�Y���É�Z�Å1�, 

�Ã�€�Æ�] �É�ƒ�€�¿�Y���É�•�Á2�Ã�„�Ë�Á���É�ƒ�€�¿�Y���,3 �����É�ƒ�€�/�¿�Y���Ž�·�Z�/�y���{�€�°�¸�¼�Ÿ���Á4 �������€�/�Å���É�Y�€�/�]

�‰�Á�• �Ã�|�‹���Ä�^�‡�Z�v�»���d�‹�Z�¯ �|�¿�Y )Soltani et al., 2013.( �������€�/�¯�}���½�Z�Ë�Z�/�‹

                                                        
1- Energy ratio 
2- Energy productivity 
3- Specific energy 
4- Net energy yield 

�Ž�y�Z�‹���Ä�¯���d�‡�Y �Ä�]���Ã�|�‹���¦�Ì�•�Â�e���É�Z�Å �������¶�/�¯���¾�Ì�/�]���Ä�˜�]�Y�•���Ê�]�Z�Ë�•�•�Y���•�Â�œ�À�»

�Ã�|�‹���¾�Ì�Ì� �e���•�Z�f�°�Å���€�Å���•�{���Ê�m�Á�€�y���Á���É�{�Á�•�Á���É�ƒ�€�¿�Y �����•�Â�/�¿���Ä�]���Ä�f�ˆ�]���Ä�¯���|�¿�Y

���d�Ì�Å�Z�»���,��Z�y���•�Â�¿���,�µ�Â�•�v�»��Z�y���c�Z�Ì�¸�¼�Ÿ �Ã�{�Z�»�M���É�Y�€�]���É�•�•�Á ���€�f�ˆ�]���É�•�Z�‡

���Á���d�‹�Y�{�€�]���,�d�‹�Y�{���c�Z�Ì�¸�¼�Ÿ���,�Ê�»�Y�{���Á���Ê�Ë�Z�Ì�¼�Ì�‹���É�Z�Å�{�Â�¯���½�Y�‚�Ì�»���Á���•�Â�¿���,�•�~�]

�����Ê�/�»���€�/�Ì�Ì�¤�e���{�€�°�¸�¼�Ÿ���s�Â�˜�‡���d�Ë�Z�Æ�¿���•�{ �����|�/�À�À�¯)Soltani et al., 2013.( 

�Ž�y�Z�‹���c�Ó�{�Z� �» ���¶�Ë�}���s�€�‹���Ä�]���É�ƒ�€�¿�Y���É�Z�Å�d�‡�Y:  
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�Ä�·�{�Z� �» )3(                                                  ER = EO / EI 

�½�M���•�{���Ä�¯�, ER: ���|�u�Y�Á���½�{�Â�]���É�{�|�Ÿ���Á���Ã�{�Â�]���É�ƒ�€�¿�Y���Ê�Ë�Y�•�Z�¯���Z�Ë���d�^�ˆ�¿

�d�‡�Y .:EO �É�ƒ�€�¿�Y���•�Â�¼�n�» �������•�Z�/�f�°�Å���•�{���µ�Á�ƒ�Z�´�»�����Ä�Ÿ�•�‚�»���•�Y���Ê�m�Á�€�y���É�Z�Å

���ÁEI: �É�ƒ�€�¿�Y���•�Â�¼�n�» ���Ä�Ÿ�•�‚�»���Ä�]���É�{�Á�•�Á���É�Z�Å�d�‡�Y.  

���Ä�·�{�Z� �»)4 (                                                 EP = PY / EY 

���•�{���Ä�¯�½�M�,:EP  �Ã�€�Æ�] �����������,���µ�Á�ƒ�Z�/�´�»���€�/�]���¹�€�³�Â�/�¸�Ì�¯�����É�ƒ�€�/�¿�Y���É�•�Á:PY 

���{�€�°�¸�¼�Ÿ�Ä�¿�Y�{ ���Á�����•�Z�f�°�Å���•�{���¹�€�³�Â�¸�Ì�¯��:EI �É�ƒ�€�¿�Y���•�Â�¼�n�» ���Ä�]���É�{�Á�•�Á���É�Z�Å

�����•�Z�f�°�Å���•�{���µ�Á�ƒ�Z�´�»�����Ä�Ÿ�•�‚�»�d�‡�Y.  

���Ä�·�{�Z� �»)5 (                                                  SE = EI / PY 

�½�M���•�{���Ä�¯�, :SE �����,���¹�€�³�Â�/�¸�Ì�¯���€�]���µ�Á�ƒ�Z�´�»�����Ã�„�Ë�Á���É�ƒ�€�¿�Y:EI �����•�Â�/�¼�n�»

�É�ƒ�€�¿�Y ���Á�����•�Z�f�°�Å���•�{���µ�Á�ƒ�Z�´�»�����Ä�Ÿ�•�‚�»���Ä�]���É�{�Á�•�Á���É�Z�Å:PY ���{�€�°�¸�¼�Ÿ�Ä�¿�Y�{ 

�����•�Z�f�°�Å���•�{���¹�€�³�Â�¸�Ì�¯���d�‡�Y.  

���Ä�·�{�Z� �»)6(                                               NEY = EO - EI 

�½�M���•�{���Ä�¯�, :NEY ���������,���•�Z�/�f�°�Å���•�{���µ�Á�ƒ�Z�/�´�»�����Ž�·�Z�/�y���É�ƒ�€�¿�Y���{�€�°�¸�¼�Ÿ

EO: �É�ƒ�€�¿�Y���•�Â�¼�n�» �Á�ƒ�Z�´�»�����Ä�Ÿ�•�‚�»���•�Y���Ê�m�Á�€�y���É�Z�Å�����Á�����•�Z�/�f�°�Å���•�{���µ:EI 

�É�ƒ�€�¿�Y���•�Â�¼�n�» �����•�Z�f�°�Å���•�{���µ�Á�ƒ�Z�´�»�����Ä�Ÿ�•�‚�»���Ä�]���É�{�Á�•�Á���É�Z�Å�d�‡�Y.  

���������������d�y�Â�/�‡���•�Y�|�/�¬�»���Y�|�/�f�]�Y���,�Ê�¿�Z�/�Æ�m���Š�Ë�Z�/�»�€�³���¶�Ì�/�ˆ�¿�Z�f�a���Ä�^�‡�Z�v�»���É�Y�€�]

�������¶�/�¬�¿���Á���¶�/�¼�u���Á���|�Ì�·�Â�e���Ä�]���•�Â�]�€�»���Ê�§�€�•�»���É�ƒ�€�¿�Y���Á���Ä�¿�Z�y�•�Z�¯���•�{���Ê�§�€�•�»

�Ã�{�Z�Æ�¿ �¾�Ì�‹�Z�»���Á���c�Y�Á�{�Y���,�Ê�Ë�Z�Ì�¼�Ì�‹���¹�Â�¼�‡���Á���{�Â�¯���¶�»�Z�‹���Z�Å �����¥�€�/�•�»���Á���c�Ó�M

�����Z�/�Ì�¸�¼�Ÿ���É�Y�€�/�]���d�y�Â�‡�����������|�/�‹���¾�Ì�/�Ì� �e���Ê�/�Ÿ�Y�•�•���cGeen, 1987; IPCC, 

2007b,c; Tzilivakis et al., 2005a,b���������•�Z�/�Œ�f�¿�Y���•�Y�|�/�¬�»���,�†�b�/�‡������

�É�{ ���¾�]�€�¯���|�Ì�ˆ�¯�Y�¶�•�Z�u���•�Y���,�Š�z�]���€�Å���Ä�]���•�Â�]�€�» ���������É�ƒ�€�/�¿�Y���½�Y�‚�/�Ì�»���[�€�/�“

���|�‹���Ä�^�‡�Z�v�»���Ä�—�Â�]�€�»���¶�Ë�|�^�e���\�Ë�Y�€�“���Á���Ê�§�€�•�»���µ�Á�|�m��4���¶�Ë�|�^�e���¶�»�Z�Ÿ������

�É�{���•�Z�Œ�f�¿�Y���Ä�^�‡�Z�v�»���É�Y�€�] �����|�/�“���,�É�•�Z�/�m�Â�]���•�Y���Ê�‹�Z�¿���¾�]�€�¯���|�Ì�ˆ�¯�Y���Á���Ê�¿�Â�¨�Ÿ

���,�Z�Å�•�~�]���d�Ì�¨�Ì�¯���Á���Ê�Ÿ�Y�•�•���d�Ë�€�Ë�|�»���•�Â�¿���Ä�]���Ä�m�Â�e���Z�]���l�¿�€�]���•�~�]���¶�¬�¿���Á���¶�¼�u

�¹�Z�œ�¿���•�{ �������Ä�/�]���l�/�Ë�Y�•���Á���Ä�/�f�§�Z�Ë�{�Â�^�Æ�]���d�‹�Z�¯���É�Z�Å �������€�/�]�Y�€�]���\�/�Ì�e�€�e0243/0 ���Á

0277/0 �����¹�€�³�Â�/�¸�Ì�¯CO2 �����µ�Á�ƒ�Z�/�´�»���•�{�����������|�/�‹���Ä�/�f�§�€�³���€�/�œ�¿���•�{IPCC, 

2007a,d; Anonymous, 2011.(  

  

���µ�Á�|�m4 - �É�{���•�Z�Œ�f�¿�Y���Ä�]���•�Â�]�€�»���¶�Ë�|�^�e���¶�»�Y�Â�Ÿ �¯���|�Ì�ˆ�¯�Y���¹�|�À�³���|�Ì�·�Â�e���•�{���¾�]�€ 
          Table 4- Conversion factor for CO2 emission in wheat production 

�ž�^�À�»  
Reference 

�¶�Ë�|�^�e���¶�»�Z�Ÿ ���¹�€�³�Â�¸�Ì�¯��CO2 ���µ�Á�ƒ�Z�´�»���€�]  
 Conversion factor  

(kg CO2/MJ) 

�Š�z�] 
Item 

Anonymous, 2011; Anonymous, 2008a; IPCC, 
2007a,b,c 0.1251 

�¾�Ì�‹�Z�»���Á���c�Y�Á�{�Y �c�Ó�M  
Machinery  

Anonymous, 2011; Anonymous, 2008a; IPCC, 
2007a,b,c 

0.0780 
�µ�‚�Ë�{���d�y�Â�‡  

                        fuel Diesel  

Anonymous, 2008b; IEA, 2012 0.1453 
�©�€�]���É�Á�€�Ì�¿  

Electricity  
Anonymous, 2011; Anonymous, 2008a; IPCC, 
2007a,b,c 

0.0728 
�½�ƒ�Á�€�f�Ì�¿  

 N fertilizer  
Anonymous, 2011; Anonymous, 2008a; IPCC, 
2007a,b,c 0.0826 

�����€�¨�ˆ�§  
 P fertilizer 

Anonymous, 2011; Anonymous, 2008a; IPCC, 
2007a,b,c 0.0806 

���º�Ì�‡�Z�f�a  
 K fertilizer  

Anonymous, 2011; Anonymous, 2008a; IPCC, 
2007a,b,c 

0.1030 
�d�§�M �Š�¯  

  Pesticide  
  

�‡�Z�v�»���•�Y���†�a���Ä�^GWP �,�¶�¯ ���¾�Ì�¼�z�e���É�Y�€�]�É�{���•�Z�Œ�f�¿�Y ���¾�]�€�¯���|�Ì�ˆ�¯�Y

�����¹�€�³�Â�/�¸�Ì�¯�����t�˜�‡���|�u�Y�Á���•�{CO2 ���������½�•�Á���|�/�u�Y�Á���•�{���,���•�Z�/�f�°�Å���•�{�����¹�€�³�Â�/�¸�Ì�¯

CO2 ���•�{���Ä�/�/�¿�Y�{���¾�/�/�e�������¹�€�³�Â�/�/�¸�Ì�¯�����É�{�Á�•�Á���É�ƒ�€�/�/�¿�Y���|�/�/�u�Y�Á���•�{���,��CO2 ���•�{
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���Š�¸�¯���Á���Ã�Z�¯���Ê�m�Á�€�y���É�ƒ�€�¿�Y���º�Æ�‡�d�‡�Y.  

�Ã�€�Æ�]���¾�Ì�´�¿�Z�Ì�»���Ä�ˆ�Ë�Z�¬�» �Z�Œ�¿���É�ƒ�€�¿�Y���É�•�Á�Ã�€�Æ�]���¾�Ë�€�f�Œ�Ì�]���Ä�¯���{�Y�{���½ ���É�•�Á

���Ä�Ÿ�•�‚�»���Ä�]���•�Â�]�€�»���µ�Á�Y���l�Ë�Y�•���d�‹�Z�¯���‰�Á�•���•�{���É�ƒ�€�¿�Y6 �����•�Y�|�/�¬�»���¾�Ë�€�f�¼�¯���Á

�������Ä�/�Ÿ�•�‚�»���Ä�/�]���•�Â�]�€�»���½�M2 �����������¾�Ë�€�f�/�Œ�Ì�]���¹�Á�{���l�/�Ë�Y�•���d�/�‹�Z�¯���‰�Á�•���•�{�����{�Â�/�]

���Ã�€�/�Æ�] ���������•�•�Y�‚�/�»���Ä�/�/�]���•�Â�/�]�€�»���É�ƒ�€�/�¿�Y���É�•�Á2 ���Á3 �����•�Y�|�/�/�¬�»���¾�Ë�€�/�f�¼�¯���Á16/0 

���Ä�Ÿ�•�‚�»���•�{���µ�Á�ƒ�Z�´�»���€�]���¹�€�³�Â�¸�Ì�¯6 ���¹�Â�‡���l�Ë�Y�•���d�‹�Z�¯���‰�Á�•���•�{�����|�‹���¶�•�Z�u

�Ì�]�Ã�€�Æ�]���¾�Ë�€�f�Œ ���Ä�Ÿ�•�‚�»���•�{���É�ƒ�€�¿�Y���É�•�Á2 �Ä�] �������Ó�Z�/�]���Ê�¸�/�•�Y���¶�Ì�·�{�����|�»�M���d�‡�{

�Ã�€�Æ�]���½�Y�‚�Ì�»���½�{�Â�] ���Ä�¿�Y�{���{�€�°�¸�¼�Ÿ���½�{�Â�]���Ó�Z�]���¦�¸�f�z�»���•�•�Y�‚�»���•�{���É�ƒ�€�¿�Y���É�•�Á

�Ê�» �Ã�€�Æ�]���¾�Ì�´�¿�Z�Ì�»���Ä�ˆ�Ë�Z�¬�»�����|�‹�Z�] �����‚�/�Ì�¿���d�‹�Z�¯���‰�Á�•���•�Z�Æ�q���•�{���É�ƒ�€�¿�Y���É�•�Á

�Ã�€�Æ�]���¾�Ë�€�e�Ó�Z�]���Ä�¯���{�Y�{���½�Z�Œ�¿ �������Á���µ�Á�Y���l�/�Ë�Y�•���d�/�‹�Z�¯���‰�Á�•���•�{���É�ƒ�€�¿�Y���É�•�Á

�{���Ä�]���Ä�f�§�Z�Ë�{�Â�^�Æ�]���������������¾�Ë�€�/�f�¼�¯�����|�/�‹���¶�/�•�Z�u���Ä�/�¿�Y�{���{�€�/�°�¸�¼�Ÿ���½�{�Â�/�]���Ó�Z�]���¶�Ì�·

�Ã�€�Æ�] ���¹�Á�{���l�Ë�Y�•���d�‹�Z�¯���‰�Á�•���•�{���É�ƒ�€�¿�Y���É�•�Á28/0 �����µ�Á�ƒ�Z�/�´�»���€�]���¹�€�³�Â�¸�Ì�¯

�Ä�] ���µ�Á�|�m�����|�»�M���d�‡�{8���€�j�¯�Y�|�u���¹�Â�‡���l�Ë�Y�•���d�‹�Z�¯���‰�Á�•���•�{���Ã�„�Ë�Á���É�ƒ�€�¿�Y������

)84/2 �����¶�«�Y�|�u���µ�Á�Y���l�Ë�Y�•���d�‹�Z�¯���‰�Á�•���•�{���Á�����¹�€�³�Â�¸�Ì�¯���€�]���µ�Á�ƒ�Z�´�»34/2 

���É�ƒ�€�¿�Y���Ž�y�Z�‹�����{�Â�]�����¹�€�³�Â�¸�Ì�¯���€�]���µ�Á�ƒ�Z�´�»�������d�/�‹�Z�¯���‰�Á�•���•�{���‚�/�Ì�¿���Ž�·�Z�y

�����•�Y�|�¬�»���¾�Ë�€�f�Œ�Ì�]���Ä�f�§�Z�Ë�{�Â�^�Æ�]58/175911 ���{�Â�y���Ä�]���Y�•�����•�Z�f�°�Å���•�{���µ�Á�ƒ�Z�´�»

�������Z�/�]���µ�Á�Y���l�/�Ë�Y�•���d�‹�Z�¯���‰�Á�•���Á���{�Y�{���•�Z�•�f�y�Y75/167266 �����•�{���µ�Á�ƒ�Z�/�´�»

���‰�Á�•���Ä�]���•�Â�]�€�»���Ž�·�Z�y���É�ƒ�€�¿�Y���¾�Ë�€�f�¼�¯�����d�§�€�³���•�Y�€�«���¹�Á�{���Ä�^�e�•���•�{���•�Z�f�°�Å

���¹�Á�{���l�Ë�Y�•���d�‹�Z�¯04/139660 �����µ�Á�|�/�m�����{�Â�]���•�Z�f�°�Å���•�{���µ�Á�ƒ�Z�´�»8.( ���Z�/�] 

�e�Ä�m�Â �Ä�] �l�Ë�Z�f�¿ �Ä�] �d�‡�{ �Ã�|�»�M �Ê�» �������������d�y�Â�/�‡���¥�€�/�•�»���Š�Å�Z�/�¯���Z�/�]���½�Y�Â�/�e�Á 

�¾�Ì�‹�Z�» �c�Ó�M �Ã�€�Æ�] �������,�¾�Ì�/�À�r�¼�Å�����|�Ì�/�Œ�z�]���{�Â�^�Æ�]���Y�•���É�ƒ�€�¿�Y���É�•�Á���Ã�{�Z�¨�f�/�‡�Y �•�Y 

�ž�]�Z�À�» �É�ƒ�€�¿�Y �Ä�] �c�•�Â�• �€�e�|�»�M�•�Z�¯ �Z�] �Ä�À�Ì�Æ�] �É�•�Z�‡ �¥�€�•�» �•�Y�Â�¿�Y �Ã�{�Z�Æ�¿ �É�Z�Å 

�Ä�] �•�Z�¯ �Ä�f�§�• �•�Y �ª�Ë�€�— �[�Z�z�f�¿�Y �t�Ì�v�• �,�•�Â�¿ �,�•�Y�|�¬�» �‰�Á�• �Á �½�Z�»�• �¥�€�•�» 

�Ã�{�Z�Æ�¿ �Ê�Ë�Z�Å �|�À�¿�Z�» �¯�Z�Å�{�Â �Á �¹�Â�¼�‡ ���Ê�Ë�Z�Ì�¼�Ì�/�‹ ���������Š�Å�Z�/�¯���•�{���Ê�/�¼�Æ�»���Š�/�¬�¿

�����{�•�Y�{���É�ƒ�€�¿�Y���¥�€�•�»Dastan et al., 2015a,b���¥�€�•�»���Ê�Œ�Å�Á�„�a���•�{������

���•�{���É�ƒ�€�¿�Y97 ���Ê�‡�•�€�]���{�•�Â�»���Ä�Ì�¯�€�e���É�Y�•�Z�»�•�Z�»���d�·�Z�Ë�Y���•�{���ž�«�Y�Á���¹�|�À�³���Ä�Ÿ�•�‚�»

���½�Y�‚�Ì�»���Ä�]���¹�|�À�³���|�Ì�·�Â�e���Ä�¯���|�‹���Ã�|�Å�Z�Œ�»���Á���d�§�€�³���•�Y�€�«5/20653 ���µ�Á�ƒ�Z�´�»

�Ê�»���¥�€�•�»���É�ƒ�€�¿�Y���•�Z�f�°�Å���•�{ �Ì�»���¾�Ë�Y���•�Y���Ä�¯���|�À�¯���d�y�Â�‡���É�{�Á�•�Á���É�ƒ�€�¿�Y���½�Z

���Z�]15/45 �Š�Ì�]���|�•�•�{ �����Ä�/�]���Á���Ä�f�‹�Y�{���Ê�§�€�•�»���É�ƒ�€�¿�Y���¶�¯���•�{���Y�•���º�Æ�‡���¾�Ë�€�e



1182     �É�•�•�Á�Z�Œ�¯���Ê�‡�Z�À�‹���¹�Â�]���Ä�Ë�€�Œ�¿���|�¸�m���,9���Ã�•�Z�¼�‹���,���½�Z�f�ˆ�»�•���,1396  

���Z�]���Ê�Ë�Z�Ì�¼�Ì�‹���É�Z�Å�{�Â�¯���½�M���µ�Z�^�¿�{21/34 �Ä�]�����|�•�•�{  �����Z�/�]���½�ƒ�Á�€�f�Ì�¿���{�Â�¯���Ã�„�Ë�Á77/31 �����|�À�f�§�€�³���•�Y�€�«�����|�•�•�{Tipi et al., 2009.(  

 

 
 

�Š�Å�Á�„�a���•�{ ���¹�Z�/�œ�¿���•�{���É�ƒ�€�¿�Y���Ê�Ë�Y�•�Z�¯���‚�Ì�¿���É�€�´�Ë�{���É�Z�Å �������d�/�‹�Z�¯���É�Z�/�Å

�‡�Y���•�{���l�¿�€�]�������{�Y�{���½�Z�/�Œ�¿���Y�•���Ê�Æ�]�Z�Œ�»���½�Y�‚�Ì�»���,�|�À�Å���Á���Z�Ì�·�Y�€�fIqbal, 2007; 

Khan et al., 2010���Š�Ì�/�]���€�´�Ë�{���Ê�¬�Ì�¬�v�e���•�{������ ���������¥�€�/�•�»���½�Y�‚�/�Ì�»���¾�Ë�€�/�e

���c�Z�Ì�¸�¼�Ÿ���Ä�]���c�Z�n�Ë�‚�^�‡���Á���Ê�Ÿ�Y�•�•���c�Ó�Â�•�v�»���•�{���É�ƒ�€�¿�Y���É�{�Á�•�Á���Á���d�y�Â�‡

�����{�Â�]���•�Â�]�€�»���¾�Ì�»�•���Ä�Ì�Æ�eCanakci et al., 2005�����c�Z�/�¬�Ì�¬�v�e���Ê�§�€�—���•�Y������

���É�ƒ�€�¿�Y���º�œ�Ÿ�Y���Š�z�]���d�y�Â�‡���Ä�¯���{�Y�{���½�Z�Œ�¿���������€�Ë�Z�/�‡���Ä�/�]���d�^�/�ˆ�¿���Y�•���É�{�Á�•�Á

�É�{�Á�•�Á �������Ê�/�»���¶�Ì�°�/�Œ�e���º�Ì�¬�f�/�ˆ�»���É�Z�Å �������|�/�Å�{Strapatsa et al., 2006 .(

���������É�Á�€�/�Ì�¿���¶�/�Ì�^�«���•�Y���Ê�¸�»�Y�Â�/�Ÿ���–�‡�Â�e���Ä�Ÿ�•�‚�»���t�˜�‡���|�u�Y�Á���•�{���d�y�Â�‡���¥�€�•�»



�É�{���•�Z�Œ�f�¿�Y���Á���É�ƒ�€�¿�Y���½�Ô�Ì�]���Ê�]�Z�Ë�•�•�Y �¹�|�À�³���|�Ì�·�Â�e���•�•�Y�‚�»���•�{���¾�]�€�¯���|�Ì�ˆ�¯�Y...    1183  

�Ê�»���€�Ì�i�P�e���d�v�e���Ã�€�Ì�£���Á����Z�y���•�Â�¿���,�º�z�‹���ª�¼�Ÿ���,�•�Â�f�¯�Y�€�e���•�Z�z�]���\�‡�Y ���|�‹�Z�]

)Kaltsas et al., 2007 .(�,�¾�Ë�Y�€�]�Z�À�] �Z�] �Ä�Ë�‚�n�e �Á �¶�Ì�¸�v�e �����É�{�Á�•�Á���É�ƒ�€�/�¿�Y

�{�¹�Z�œ�¿���• �d�‹�Z�¯���É�Z�Å�, �Ê�» �½�Y�Â�e �Ä�] �½�Y�‚�Ì�» ���Ã�{�Z�¨�f�/�‡�Y �•�Y ���¹�Z�/�¼�e ���¶�°�/�‹ ���É�Z�/�Å 

�É�ƒ�€�¿�Y �Ê�a �{�€�] �Á �Y���•�ž�]�Z�À�» �{�Á�|�v�» �€�Ì�œ�¿ �,�¾�Ì�»�• �[�M �Á �ž�]�Z�À�» �Ê�f�ˆ�Ë�• �É�Y�€�] 

�¶�ˆ�¿ �É�Z�Å �Ã�|�À�Ë�M �d�›�Z�¨�u �{�Â�¼�¿ )Dastan et al., 2015a,b.(  

  

�É�{���•�Z�Œ�f�¿�Y �Ê�¿�Z�Æ�m���Š�Ë�Z�»�€�³���¶�Ì�ˆ�¿�Z�f�a���Á���¾�]�€�¯���|�Ì�ˆ�¯�Y  

���µ�Á�|�m���l�Ë�Z�f�¿���Ä�]���Ä�m�Â�e���Z�]9�É�{���•�Z�Œ�f�¿�Y���, �Ì�ˆ�¯�Y���¥�€�•�»���•�Y���Ê�‹�Z�¿���¾�]�€�¯���|

���€�]�Y�€�]���µ�Á�Y���l�Ë�Y�•���d�‹�Z�¯���‰�Á�•���•�{���É�ƒ�€�¿�Y59/933 �����µ�{�Z�/� �»���¹�€�³�Â�¸�Ì�¯CO2 

�������€�/�]�Y�€�]�����•�~�/�]���Á���d�y�Â�‡���,�½�ƒ�Á�€�f�Ì�¿���Ä�¯���{�Â�]���•�Z�f�°�Å���•�{15/390���,17/304 ���Á

98/91 �������µ�{�Z�/� �»���¹�€�³�Â�/�¸�Ì�¯CO2 �����Ä�/�]���•�Z�/�f�°�Å���•�{ �����µ�{�Z�/�/� �»���\�/�Ì�e�€�e94/69���,

32/16 ���Á61/5 �����Á���c�Y�Á�{�Y���Á���|�/�/�¿�{�Y�{���½�Z�/�/�Œ�¿���Y�•���º�Æ�/�/�‡���¾�Ë�€�e�Ó�Z�/�/�]�����|�/�/�•�•�{

�¾�Ì�‹�Z�» �M���¾�Ì�´�¿�Z�Ì�»���Z�]���c�Ó91/76 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 �������€�/�]�Y�€�]���•�Z�/�f�°�Å���•�{

61/5 ���������d�/�§�€�³���•�Y�€�/�«���É�|�/� �]���Ä�^�e�•���•�{���|�•�•�{ �������µ�Á�Y���l�/�Ë�Y�•���d�/�Œ�¯���‰�Á�•���•�{

�É�{���•�Z�Œ�f�¿�Y���½�Y�‚�Ì�»���¾�Ë�€�f�¼�¯ �d�§�M���{�€�]�•�Z�¯���Ä�]���•�Â�]�€�»���¾�]�€�¯���|�Ì�ˆ�¯�Y �Š�¯ ���{�Â�]���Z�Å

�o�•�Z�«���É�Y�€�]���½�M���º�Æ�‡���Ä�¯ �¦�¸�Ÿ���,�Š�¯ �Ã�€�Œ�u���Á���Š�¯ �Ä�]���Š�¯ �����\�/�Ì�e�€�e98/0���,

37/3 ���Á58/4 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 ���µ�Á�|�m�����{�Â�]���•�Z�f�°�Å���•�{9.(  

  

�µ�Á�|�m 9 - �É�{���•�Z�Œ�f�¿�Y ���Ê�‹�Z�¿���¾�]�€�¯���|�Ì�ˆ�¯�Y�Y���¹�€�³�Â�¸�Ì�¯���\�ˆ�u���€�]���É�ƒ�€�¿�Y���¥�€�•�»���•CO2 �•�Z�f�°�Å���•�{���µ�{�Z� �» ���½�Z�f�‡�€�Æ�‹���•�{���¹�|�À�³���|�Ì�·�Â�e���l�Ë�Y�•���•�•�Y�‚�»���Ä�]���•�Â�]�€�»

�•�Z�^�Ë�Â�m 
Table 9- CO2 emissions (kg eq-CO2 ha-1) from energy using for wheat conventional production in Jouybar 

���•�Y���|�•�•�{

�¶�¯  
Share 
(%)  

�•�Z�Ì� �»���Ã�Z�^�f�‹�Y  
Standard 

error  

�¾�Ì�´�¿�Z�Ì�» 

Mean 

���l�Ë�Y�•���‰�Á�•1 Planting method I                                                 

�Š�z�]  
Item 

���Ä�Ÿ�•�‚�»

6 
Field 6 

���Ä�Ÿ�•�‚�»

5 
Field 5 

���Ä�Ÿ�•�‚�»

4 
Field 4 

���Ä�Ÿ�•�‚�»

3 
Field 3 

���Ä�Ÿ�•�‚�»

2 
Field 2 

���Ä�Ÿ�•�‚�»

1 
Field 1 

9.85  5.14  91.98  86.98  86.98  104.37  76.54  86.98  110.03  
���•�~�] 

Seed 

8.24  5.61  76.91  67.30  81.42  96.48  56.87  75.77  83.62  
�¾�Ì�‹�Z�»���Á���c�Y�Á�{�Y �c�Ó�M  

Machinery 

32.58  16.32  301.17  262.31  294.41  349.16  278.94  281.58  358.64  
���d�y�Â�‡ 

Fuel 

                  
�Ê�Ë�Z�Ì�¼�Ì�‹���É�Z�Å�{�Â�¯ 

Chemical fertilizers 

41.79  69.94  390.15  418.05  354.43  365.29  238.72  710.28  253.67  
�Ž�·�Z�y���½�ƒ�Á�€�f�Ì�¿ 

N  

4.93  14.78  46.04  0  56.23  21.09  37.25  105.28  56.23  
�Ž�·�Z�y���€�¨�ˆ�§  

P2O5  

1.65  6.02  15.42  6.75  27  0  31.76  0  27  
�Ž�·�Z�y���º�Ì�‡�Z�f�a  

K2O  

                  
�d�§�M ���Š�¯ 

Pesticide 

0.36  0.21  3.37  4.11  3.10  3.72  2.93  3.55  2.81  
�¦�¸�Ÿ �Š�¯ ���Ã�€�i�R�»���Ã�{�Z�»��  

Herbicide (a.i.)  

0.11  0.46  0.98  1.78  2.55  1.53  0  0  0  
�o�•�Z�« �Š�¯ ���Ã�€�i�R�»���Ã�{�Z�»��  

Fungicide (a.i.) 

0.49  4.58  4.58  27.64  0  0  0  0  0  
�Ã�€�Œ�u �Š�¯ ���Ã�€�i�R�»���Ã�{�Z�»�� 

Insecticide (a.i.) 

100  72.85  933.59  879.19  906.12  941.64  723.01  1263.6  892  
���Š�Ë�Z�»�€�³���¶�Ì�ˆ�¿�Z�f�a

�¶�¯���Ê�¿�Z�Æ�m  
Total GWP 

 * :a. i. �½�Z�Œ�¿ �»���Ã�{�Z�»���½�Y�‚�Ì�»���Ã�|�À�Å�{�R���Ã�€�i�d�‡�Y.                                       * a. i. represents active ingredient  

  

���������������•�Z�/�Œ�f�¿�Y���½�Y�‚�/�Ì�»���É�•�Z�/�‡���½�Z�f�/�‡�€�Æ�‹���•�{���¹�|�/�À�³���¹�Á�{���l�/�Ë�Y�•���d�Œ�¯���•�{�É�{ ���•�{���¾�]�€�¯���|�Ì�ˆ�¯�Y6 �����€�/�]�Y�€�]���Ä�Ÿ�•�‚�»2/710 ���Â�/�¸�Ì�¯�����µ�{�Z�/� �»���¹�€�³CO2 ���•�{
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���µ�Á�|�m�����{�Â�]���•�Z�f�°�Å10���������������|�/�Ì�·�Â�e���¾�Ì�´�¿�Z�/�Ì�»���Z�/�]���d�y�Â�/�‡���Á���½�ƒ�Á�€�/�f�Ì�¿���{�Â�/�¯������

27/259 ���Á54/249 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 �������€�/�]�Y�€�]�����•�Z�/�f�°�Å���•�{51/36 ���Á

13/35 ���É�{���•�Z�/�Œ�f�¿�Y���½�Y�‚�Ì�»���¾�Ë�€�f�Œ�Ì�]�����|�•�•�{ �����������{�Â�/�y���Ä�/�]���Y�•���¾�]�€�/�¯���|�Ì�/�ˆ�¯�Y

�¾�Ì�‹�Z�»���Á���c�Y�Á�{�Y���Á���Ê�§�€�•�»���•�~�]�����|�¿�{�Y�{���•�Z�•�f�y�Y ���|�Ì�·�Â�e���Z�]���c�Ó�M07/93 ���Á

93/57 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 �����������•�Y�€�/�«���¹�•�Z�/�Æ�q���Á���¹�Â�/�‡���Ä�/�^�e�•���•�{���•�Z�f�°�Å���•�{

�É�{���•�Z�Œ�f�¿�Y���½�Y�‚�Ì�»���¾�Ë�€�f�¼�¯�����|�À�f�§�€�³ �����¥�€�/�•�»���Ä�]���•�Â�]�€�»���‚�Ì�¿���¾�]�€�¯���|�Ì�ˆ�¯�Y

�Ã�€�Œ�u �¦�¸�Ÿ���Á���Š�¯ �Ä�]�����Š�¯ ���€�]�Y�€�]���\�Ì�e�€�e71/0 ���Á98/1 �����µ�{�Z�/� �»���¹�€�³�Â�¸�Ì�¯

CO2 ���������Ä�/�]���d�/�‹�Z�¯���‰�Á�•���¾�/�Ë�Y���•�{�����{�Â�/�]�����•�Z�f�°�Å���•�{ ���������¥�€�/�•�»���¹�|�/�Ÿ���d�/�¸�Ÿ

�o�•�Z�« �É�{���•�Z�Œ�f�¿�Y���Š�¯ �Y���•�{���¾�]�€�¯���|�Ì�ˆ�¯�Y�����µ�Á�|�/�m�����|�Œ�¿���Ã�|�Å�Z�Œ�»���Š�z�]���¾�Ë

10.(  

  

�µ�Á�|�m 10 - �É�{���•�Z�Œ�f�¿�Y ���¹�€�³�Â�¸�Ì�¯���\�ˆ�u���€�]���É�ƒ�€�¿�Y���¥�€�•�»���•�Y���Ê�‹�Z�¿���¾�]�€�¯���|�Ì�ˆ�¯�YCO2 �•�Z�f�°�Å���•�{���µ�{�Z� �» ���½�Z�f�‡�€�Æ�‹���•�{���¹�|�À�³���|�Ì�·�Â�e���l�Ë�Y�•���•�•�Y�‚�»���Ä�]���•�Â�]�€�»

�É�•�Z�‡ 
Table 10- CO2 emissions (kg eq-CO2 ha-1) from energy using for wheat conventional production in Sari 

���•�Y���|�•�•�{

�¶�¯  
Share 
(%)  

�•�Z�Ì� �»���Ã�Z�^�f�‹�Y  
Standard 

error  

�¾�Ì�´�¿�Z�Ì�» 

Mean 

���l�Ë�Y�•���‰�Á�•2 Planting method II                                                   

�Š�z�]  
Item 

���Ä�Ÿ�•�‚�»6  
Field 6 

���Ä�Ÿ�•�‚�»

5 
Field 5 

���Ä�Ÿ�•�‚�»

4 
Field 4 

���Ä�Ÿ�•�‚�»3  
Field 3 

���Ä�Ÿ�•�‚�»2  
Field 2 

���Ä�Ÿ�•�‚�»1  
Field 1 

13.10  3.48  93.07  86.98  86.98  108.72  95.68  86.98  93.07  
���•�~�] 

Seed 

8.16  6.20  57.93  36.08  47.69  55.53  66.99  61.73  79.54  
�¾�Ì�‹�Z�»���Á���c�Y�Á�{�Y �c�Ó�M  

Machinery 

35.13  17.40  249.54  269.13  251.94  254.40  297.14  254.90  169.70  
���d�y�Â�‡ 

Fuel 

                  �Ê�Ë�Z�Ì�¼�Ì�‹���É�Z�Å�{�Â�¯ 
Chemical fertilizers 

36.51  115.23  259.27  0  202.94  84.53  405.68  101.47  761.02  �Ž�·�Z�y���½�ƒ�Á�€�f�Ì�¿ 
N  

5.30  4.33  37.64  50.61  21.08  35.14  42.18  31.63  45.18  �Ž�·�Z�y���€�¨�ˆ�§  
P2O5  

1.42  2.43  10.06  5.40  13.50  0  13.50  13.50  14.46  �Ž�·�Z�y���º�Ì�‡�Z�f�a  
K2O  

                  �d�§�M ���Š�¯ 
Pesticide 

0.28  0.65  1.98  2.34  0  0  3.04  2.93  3.58  
�¦�¸�Ÿ �Š�¯ ���Ã�€�i�R�»���Ã�{�Z�»��  

Herbicide (a.i.)  

0  0  0  0  0  0  0  0  0  
�o�•�Z�« ���Š�¯���Ã�€�i�R�»���Ã�{�Z�»��  

Fungicide (a.i.) 

0.10  0.71  0.71  0  0  0  0  0  4.27  
�Ã�€�Œ�u ���Š�¯���Ã�€�i�R�»���Ã�{�Z�»�� 

Insecticide (a.i.) 

100  113.57  710.2  1012.65  858.35  928.64  1392.63  904.46  1672.65  �¶�¯���Ê�¿�Z�Æ�m���Š�Ë�Z�»�€�³���¶�Ì�ˆ�¿�Z�f�a  
Total GWP 

* :a. i. �½�Z�Œ�¿ �»���Ã�{�Z�»���½�Y�‚�Ì�»���Ã�|�À�Å�{�R�Ê�»���Ã�€�i �|�‹�Z�]                                                                     * a. i. represents active ingredient  
  

�º�W�Z�«���Ä�¬�˜�À�»���•�{���¹�|�À�³���l�Ë�Y�•���d�Œ�¯���•�{ ���‰�Á�•�����€�Æ�‹3���‰�Á�•���¥�Ô�y���€�]����

�{���Á���µ�Á�Y���d�‹�Z�¯�É�{���•�Z�Œ�f�¿�Y���¾�Ì�´�¿�Z�Ì�»���¹�Á ���•�{���¾�]�€�¯���|�Ì�ˆ�¯�Y6 ���•�Y���Ê�‹�Z�¿���Ä�Ÿ�•�‚�»

�����Ê�§�€�•�»���d�y�Â�‡17/307 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 ���€�]�Y�€�]���•�Z�f�°�Å���•�{03/41 

�����½�ƒ�Á�€�f�Ì�¿���•�Y���€�f�Œ�Ì�]�����|�•�•�{86/252 �������µ�{�Z�/� �»���¹�€�³�Â�/�¸�Ì�¯CO2 �����•�Z�/�f�°�Å���•�{

���€�]�Y�€�]77/33 ���µ�Á�|�m�����{�Â�]�����|�•�•�{11�É�{���•�Z�Œ�f�¿�Y������ ���Ä�]���•�Â�]�€�»���¾�]�€�¯���|�Ì�ˆ�¯�Y

�¾�Ì�‹�Z�»���Á���c�Y�Á�{�Y���Á���•�~�] �]���c�Ó�M���Z3/79 ���Á18/75 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 ���•�{

�Ä�^�e�•���•�{���•�Z�f�°�Å �É�{���•�Z�Œ�f�¿�Y���½�Y�‚�Ì�»���¾�Ë�€�f�¼�¯�����d�§�€�³���•�Y�€�«���É�|� �]���É�Z�Å ���|�Ì�ˆ�¯�Y

���¾�]�€�¯34/2 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 ���€�]�Y�€�]���•�Z�f�°�Å���•�{31/0 �����•�Â�/�]�€�»���|�•�•�{

�¦�¸�Ÿ���Ä�] ���������¥�€�/�•�»���¹�|�/�À�³���|�/�Ì�·�Â�e���•�•�Y�‚�»���•�{���d�‹�Z�¯���‰�Á�•���¾�Ë�Y���•�{�����{�Â�]���Š�¯

�o�•�Z�« �Ã�€�Œ�u���Á���Š�¯ �É�{���•�Z�Œ�f�¿�Y���Ä�¯���|�Œ�¿���Ã�|�Å�Z�Œ�»���Š�¯ �������‚�/�Ì�¿���¾�]�€�/�¯���|�Ì�ˆ�¯�Y

���µ�Á�|�m�����d�‹�Y�|�¿���{�Â�m�Á11.(  
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�µ�Á�|�m 11 - �É�{���•�Z�Œ�f�¿�Y ���¹�€�³�Â�¸�Ì�¯���\�ˆ�u���€�]���É�ƒ�€�¿�Y���¥�€�•�»���•�Y���Ê�‹�Z�¿���¾�]�€�¯���|�Ì�ˆ�¯�YCO2 �•�Z�f�°�Å���•�{���µ�{�Z� �» �€�Æ�Œ�¼�W�Z�«���•�{���¹�|�À�³���|�Ì�·�Â�e���l�Ë�Y�•���•�•�Y�‚�»���Ä�]���•�Â�]�€�» 
Table 11- CO2 emissions (kg eq-CO2 ha-1) from energy using for wheat conventional production in Ghaemshahr 

���•�Y���|�•�•�{

�¶�¯  
Share 
(%)  

�•�Z�Ì� �»���Ã�Z�^�f�‹�Y  
Standard 

error  

�¾�Ì�´�¿�Z�Ì�» 

Mean 

���l�Ë�Y�•���‰�Á�•3 Planting method III                                              

�Š�z�]  
Item 

���Ä�Ÿ�•�‚�»

6 
Field 6 

���Ä�Ÿ�•�‚�»5  
Field 5 

���Ä�Ÿ�•�‚�»

4 
Field 4 

���Ä�Ÿ�•�‚�»

3 
Field 3 

���Ä�Ÿ�•�‚�»

2 
Field 2 

���Ä�Ÿ�•�‚�»

1 
Field 1 

10.59  4.75  79.30  91.33  78.28  62.12  93.07  72.48  78.50  
���•�~�] 

Seed 

10.04  4.14  75.18  88.24  86.28  67.22  76.48  65.34  67.53  
�¾�Ì�‹�Z�»���Á���c�Y�Á�{�Y �c�Ó�M  

Machinery 

41.03  16.70  307.17  275.65  382.36  292.16  309.09  269.22  314.51  
���d�y�Â�‡ 

Fuel 

                  
�Ê�Ë�Z�Ì�¼�Ì�‹���É�Z�Å�{�Â�¯ 

Chemical fertilizers 

33.77  75.75  252.86  507.34  405.88  289.89  144.92  169.1  0  
�Ž�·�Z�y���½�ƒ�Á�€�f�Ì�¿ 

N  

3.58  5.94  26.83  0  42.18  30.12  30.12  35.14  23.41  
�Ž�·�Z�y���€�¨�ˆ�§  

P2O5  

0.67  3.71  5  0  0  0  0  22.50  7.48  
�Ž�·�Z�y���º�Ì�‡�Z�f�a  

K2O  

                  
�d�§�M ���Š�¯ 

Pesticide 

0.31  1.09  2.34  4.67  5.85  0  0  3.52  0  
�¦�¸�Ÿ �Š�¯ ���Ã�€�i�R�»���Ã�{�Z�»��  

Herbicide (a.i.)  

0  0  0  0  0  0  0  0  0  
�o�•�Z�« ���Š�¯���Ã�€�i�R�»���Ã�{�Z�»��  

Fungicide (a.i.) 

0  0  0  0  0  0  0  0  0  
�Ã�€�Œ�u ���Š�¯���Ã�€�i�R�»���Ã�{�Z�»�� 

Insecticide (a.i.) 

100  81.45  748.66  967.23  1000.83  741.51  653.68  637.30  491.43  
�¶�¯���Ê�¿�Z�Æ�m���Š�Ë�Z�»�€�³���¶�Ì�ˆ�¿�Z�f�a  

Total GWP 
* :a. i. �½�Z�Œ�¿ �»���Ã�{�Z�»���½�Y�‚�Ì�»���Ã�|�À�Å�{�R���Ã�€�i�d�‡�Y                                                                     * a. i. represents active ingredient  

  

�Ä�f�§�Z�Ë���ª�]�Z�˜�» ���µ�Á�|�m���É�Z�Å12 ���¶�¯���Ê�¿�Z�Æ�m���Š�Ë�Z�»�€�³���¶�Ì�ˆ�¿�Z�f�a���¾�Ì�´�¿�Z�Ì�»

�d�Ì�·�Z� �§���•�Y���Ê�‹�Z�¿ ���������€�/�]�Y�€�]���d�/�‹�Z�¯���‰�Á�•���•�Z�/�Æ�q���•�{���¦�/�¸�f�z�»���É�Z�Å 56/798 

���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 ���Ê�¿�Z�Æ�m���Š�Ë�Z�»�€�³���¶�Ì�ˆ�¿�Z�f�a���¾�Ë�€�f�¼�¯�����{�Â�]���•�Z�f�°�Å���•�{

�������¹�Á�{���l�/�Ë�Y�•���d�‹�Z�¯���‰�Á�•���Ä�]���•�Â�]�€�»2/710 �������µ�{�Z�/� �»���¹�€�³�Â�/�¸�Ì�¯CO2 ���•�{

�������������{�Â�/�]���µ�Á�Y���l�/�Ë�Y�•���d�/�‹�Z�¯���‰�Á�•���Ä�/�]���•�Â�]�€�»���½�M���•�Y�|�¬�»���¾�Ë�€�f�Œ�Ì�]���Á�����•�Z�f�°�Å

�������‰�Á�•���Á���¹�Â�/�‡���l�/�Ë�Y�•���d�‹�Z�¯���‰�Á�•���Ä�]���•�Â�]�€�»���Ê�¿�Z�Æ�m���Š�Ë�Z�»�€�³���¶�Ì�ˆ�¿�Z�f�a

�Ä�]���Ä�f�§�Z�Ë�{�Â�^�Æ�] �]���\�Ì�e�€�e���€�]�Y�€66/748 ���Á78/765 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 ���•�{

���µ�Á�|�m�����{�Â�]���•�Z�f�°�Å12�d�Ì�·�Z� �§���¾�Ì�]���•�{������ ���������É�{�Á�•�Á���É�ƒ�€�/�¿�Y���,�¦�/�¸�f�z�»���É�Z�/�Å

���¾�Ì�´�¿�Z�Ì�»���Z�]���d�‹�Z�¯���‰�Á�•���•�Z�Æ�q���•�{���½�ƒ�Á�€�f�Ì�¿04/327 �����¹�€�³�Â�/�¸�Ì�¯CO2 ���•�{

�������Z�/�]���µ�{�Z�/� �»���•�Z�f�°�Å42/41 �������������•�Z�/�Œ�f�¿�Y���€�/�œ�¿���•�Y���Y�•���•�Y�|�/�¬�»���¾�Ë�€�f�/�Œ�Ì�]���,�|�/�•�•�{

�É�{ �����������/�•�f�y�Y���{�Â�/�y���Ä�/�]���Ê�¿�Z�/�Æ�m���Š�Ë�Z�/�»�€�³���Á���¾�]�€�¯���|�Ì�ˆ�¯�Y�����•�{���Ä�/�¯���{�Y�{���•�Z

�É�{�Á�•�Á���€�Ë�Z�‡���Z�]���Ä�ˆ�Ë�Z�¬�» ���¾�Ë�Y���•�Y���Ä�¯���{�Y�{���½�Z�Œ�¿���Y�•���Ê�Æ�m�Â�e���¶�]�Z�«���¥�Ô�f�y�Y���Z�Å

���Z�]���Ä�f�§�Z�Ë�{�Â�^�Æ�]���‰�Á�•���€�œ�¿88/405 �����µ�{�Z�/� �»���¹�€�³�Â�¸�Ì�¯CO2 �����•�{���•�Z�/�f�°�Å���•�{

���Z�]���µ�Á�Y���l�Ë�Y�•���d�‹�Z�¯���‰�Á�•���Á���d�ˆ�z�¿���Ä�^�e�•15/390 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 

���������Z�/�]���¹�Â�/�‡���Á���¹�Á�{���l�/�Ë�Y�•���d�‹�Z�¯���‰�Á�•�����d�§�€�³���•�Y�€�«���¹�Á�{���Ä�^�e�•���•�{���•�Z�f�°�Å���•�{

27/259 ���Á86/252 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 �Ä�^�e�•���•�{���•�Z�f�°�Å���•�{ ���É�|� �]���É�Z�Å

���•�Z�³���•�Z�Œ�f�¿�Y���¾�Ë�€�f�Œ�Ì�]���Ê�§�€�•�»���d�y�Â�‡���,�½�ƒ�Á�€�f�Ì�¿���{�Â�¯���•�Y���|� �]�����|�À�f�§�€�³���•�Y�€�«

�Ä�¿�Z�z�¸�³ �����������€�/�]�Y�€�]���d�/�‹�Z�¯���‰�Á�•���•�Z�/�Æ�q���•�{���½�M���¾�Ì�´�¿�Z�/�Ì�»���Ä�¯���{�Y�{���½�Z�Œ�¿���Y�•���É�Y

03/254 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 ���Z�]���•�Z�f�°�Å���•�{17/32 �������•�{���Ä�/�¯���{�Â�/�]���|�•�•�{

�Z�Ë�{�Â�^�Æ�]���‰�Á�•���¾�Ì�]���¾�Ë�Y���€�y�M���Ä�^�e�•���•�{���Ä�f�§25/155 ���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 

�������Ä�/�^�e�•���•�{���µ�Á�Y���Á���¹�Â�/�‡���‰�Á�•���Á���•�Z�f�°�Å���•�{1 ���Á2 �����Z�/�]17/307 ���Á17/304 

���µ�{�Z� �»���¹�€�³�Â�¸�Ì�¯CO2 ���µ�Á�|�m�����|�À�f�§�€�³���•�Y�€�«���•�Z�f�°�Å���•�{12.(  
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�����¾�Ì�´�¿�Z�/�Ì�»���Z�]���•�~�]83/87 �������µ�{�Z�/� �»���¹�€�³�Â�/�¸�Ì�¯CO2 �������€�/�]�Y�€�]���•�Z�/�f�°�Å���•�{

12/11 �É�{���•�Z�Œ�f�¿�Y���¶�¯���•�Y���|�•�•�{ �|�Ì�ˆ�¯�Y�•���•�Z�Æ�q���•�{���¾�]�€�¯���Ä�]���Y�•���d�‹�Z�¯���‰�Á
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Table 13- Global warming potential equal to kg CO2 emission per unit area, per unit weight, per unit input and output 

energy for each wheat production fields 
���Ã�Z�^�f�‹�Y

�•�Z�Ì� �»  
Standard 

error  

�¾�Ì� �́¿�Z�Ì�» 

Mean 

�d�‹�Z�¯���‰�Á�•  
 Planting method  �Ê�¿�Z�Æ�m���Š�Ë�Z�»�€�³���¶�Ì�ˆ�¿�Z�f�a  

        Global Warming Potential (GWP)  4 

IV *  

3 
III  

2 
II  

1 
I  

49.40  789.56  765.78 748.66  710.20  933.59  
�t�˜�‡���|�u�Y�Á���•�{ 

Per unit area (kg CO2 ha-1) 

13.86 184.20  165.57 188.54 221.64 161.05 
�½�•�Á���|�u�Y�Á���•�{ 

Energy footprint (kg CO2 t
-1) 

1.33 66.75 68.56 66.48 63.07 68.88 
�É�{�Á�•�Á���É�ƒ�€�¿�Y���|�u�Y�Á���•�{ 

Per unit energy input (kg CO2 GJ-1) 

0.26 4.94 4.35 4.73 5.08 5.58 
�Ê�m�Á�€�y���É�ƒ�€�¿�Y���|�u�Y�Á���•�{ 

 Per unit energy output (kg CO2 GJ-1) 
���d�‹�Z�¯���‰�Á�•����4 ���Ä�f�§�Z�Ë�{�Â�^�Æ�]���d�Œ�¯���½�Z�¼�Å���d�‡�Y �‰�Á�• ���É�Z�Å1���,2 ���Á3 �Ä�] �‰�Á�•���\�Ì�e�€�e �½�Z�f�‡�€�Æ�‹���•�{���l�Ë�Y�•���d�‹�Z�¯���É�Z�Å ���€�Æ�Œ�¼�W�Z�«���Á���É�•�Z�‡���,�•�Z�^�Ë�Â�m���É�Z�Å�d�‡�Y.  

* Cultivatio method IV is improved planting method. Cultivation I, II, and III are conventional method in Jouybar, Sari and 
Ghaemshahr, respectively. 
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Introduction  

Climate change is a global concern. In wheat production, agricultural operations such as plough, applying 
fertilizers, pesticides, planting, irrigation, harvesting, processing and transformation, need some forms of energy. 
In a study to investigate the energy input in wheat production in Gorgan region, Iran, it was observed that among 
all the direct energy inputs, fuel consumed in agricultural operation had the highest place with an average of 
3390 MJ ha-1 and the second place belonged to supplying electricity with an average of 309 MJ ha-1. The 
amounts of energy input in the low input and high input planting system for wheat were 9354.2 and 45367.6 MJ 
ha-1, respectively. Therefore, optimizing the agricultural operation is seen as a strategy to alleviate climate 
change effects. The purpose of this research was energy assesment and carbon dioxide emission in wheat 
production. 

Material and Methods 

The study area included three central cities of Mazandaran province (Jouybar, Sari, and Ghaemshahr), and 
was visited to investigate the target population through statistics and scientific planting method. To do the 
research, at first, six fields for conventional planting of the wheat for each city were identified in 2015. Then, 
they were compared with the improved planting method (according to growing low-input wheat developed by 
the researchers). In order to collect information from the fields, all agricultural practices were divided into eight 
parts as preparing the field, planting, fertilizing, preserving the plants, controlling the weeds, irrigating, 
harvesting, and transportation. Then, with the beginning of every operation, according to temperature 
fluctuations, information on various production methods and different amounts of input use by farmers of the 
region was collected. Moreover, in the improved planting method, the researchers were seeking reduction of 
input use, environmental damage and also increase in efficiency and its comparison with common methods of 
planting wheat in the same region. The identification of the fields was in a way that covered all main production 
methods in each city. After that, the improved and conventional methods of planting in the three cities were 
investigated as four planting methods. To estimate energy consumption and CO2 emissions, the fields with 
improved planting method were taken as conventional methods in four systems. 

Results and Discussion 

The results showed that the mean total input energy in four planting methods was 11811.6 MJ.ha-1. Nitrogen 
energy input with 38.03 % got first rank. The highest output energy was obtained in improved method as 36.34% 
of that belongs to grain and 63.66% belong to straw. Mean renewable and non-renewable energy in four planting 
methods was 3071.28 and 8740.33 MJ.ha-1, respectively. Mean energy efficiency in four planting methods was 
equal to 14.57. Mean energy productivity in four planting methods was 0.37 kg MJ-1. Mean GWP of wheat 
production in the four planting methods was 798.56 kg CO2 per ha-1 with the maximum CO2. Mean GWP per 
grain weight in the four planting methods was equal to 184.2 kg CO2 per ha-1. Mean GWP per input and output 
energy in the four planting methods was equal to 66.75 and 4.94 kg CO2 per GJ-1. Improved method with 4.35 kg 
CO2 per GJ-1 had the least GWP per output energy. In a study to investigate the energy input in wheat production 

                                                        
1, 2, 3 and 4- PhD Student, Assitant Professor, Department of Agronomy, Gorgan Branch, Islamic Azad University, 
Gorgan, Assitant Professor, Department of Agronomy, Jouybar Branch, Islamic Azad University, Jouybar and 
Postdoctoral Research Scholar, Department of Genetic Engineering, Agricultural Biotechnology Research Institute of 
Iran (ABRII), Iran, respectively. 
 (*- Corresponding author Email: aghanbarym@yahoo.com) 
DOI:10.22067/JAG.V9I4.54771 

mailto:aghanbarym@yahoo.com)


�É�{���•�Z�Œ�f�¿�Y���Á���É�ƒ�€�¿�Y���½�Ô�Ì�]���Ê�]�Z�Ë�•�•�Y �¹�|�À�³���|�Ì�·�Â�e���•�•�Y�‚�»���•�{���¾�]�€�¯���|�Ì�ˆ�¯�Y...    1193  

in Gorgan region, Iran, it was observed that among all the direct energy inputs, fuel consumed in agricultural 
operation had the highest place with mean of 3390 MJ ha-1 and the second place belonged to supplying 
electricity with mean of 309 MJ ha-1.  

Conclusion 

According to the finding, the amount of GWP per energy input unit was the maximum in conventional 
method in Sari and minimum in improved planting method. Furthermore, the improved scenario had the lowest 
GWP per energy output unit and in conventional method in Jouybar achieved the first rank. In general, the 
amount of GWP has a direct relationship with the method of field management and input consumption. 
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